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1. General Information

All of the Lewis base-catalyzed amino-acylation of allenes were carried out in
oven-dried Schlenk tube in dried solvent. Thin layer chromatography (TLC) employed
glass 0.25 mm silica gel plates. Flash chromatography columns were packed with
200-300 mesh silica gel in petroleum (bp. 60-90 °C or 30-60 °C). The High
Resolution MS analyses were performed on Thermo Fisher Scientific LTQ FT Ultra
with DART Positive Mode or Agilent 6530 Accurate-Mass Q-TOF LC/MS with ESI
mode. NMR spectra were recorded on a 400 MHz for *H NMR and 100 MHz for *C
NMR, using tetramethylsilane as an internal reference and CDCIls as solvent.
Chemical shift values for protons are reported in parts per million (ppm, & scale)
downfield from tetramethylsilane and are referenced to tetramethylsilane (& 0).
Multiplicity is indicated by one or more of the following: s (singlet); d (doublet); t
(triplet); m (multiplet); br (broad). Carbon nuclear magnetic resonance spectra (**C
NMR) were recorded at 100 MHz. Chemical shifts for carbons are reported in parts
per million (ppm, o scale) downfield from tetramethylsilane and are referenced to the
carbon resonance of CDClI3 (6 77.0). Materials were purchased from Tokyo Chemical
Industry Co., Aldrich Inc., Alfa Aesar, Adamas, or other commercial suppliers and
used as received unless otherwise noted.
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2. Optimization of the Reaction Conditions

Table S1. Condition screening for intramolecular amino-acylation of allenes?

Catalyst, Additives

Ph
\
Solvent, T (°C) N Me

oo boc
1a 2a
Entry Catalyst (x mol %) Solvent (mmol/mL) T () Yield (%)°
1 (IMes)Ni(allyl)CI (10) THF (0.2) 80 trace
2 (IPr)Ni(allyl)CI (10) THF (0.2) 80 0
3 IPrCuCl (10) THF (0.2) 80 0
4 Pd(dba)s (10) / I'Bu (20) THF (0.2) 80 0
5  Rh(cod)2SOsCFs (10) / I'Bu (20) THF (0.2) 80 12
6 Rh(cod)SOsCFs (10) / 1Ad (20) THF (0.2) 80 trace
7 Rh(cod);SOsCF3 (10) / IMes (20) THF (0.2) 80 4
8 I'Bu (20) THF (0.2) 80 31
9 I'Bu (20) 1,4-dioxane (0.2) 80 33
10 I'Bu (20) 1,4-dioxane (0.2) 100 35
11° NHC-Cat. (20) 1,4-dioxane (0.2) 100 10
12 PPhs (20) 1,4-dioxane (0.2) 100 trace
13 PCys (20) 1,4-dioxane (0.2) 100 38
14 PBus (20) 1,4-dioxane (0.2) 100 trace
15 P(4-MeOCsHa4)3 (20) 1,4-dioxane (0.2) 100 46
16 P(3-MeOCsHs4)3 (20) 1,4-dioxane (0.2) 100 7
17 P[2,4,6-(MeQ)sCsHs]s (20) 1,4-dioxane (0.2) 100 3
18 P(NMe)s (20) 1,4-dioxane (0.2) 100 trace
19 DMAP (20) 1,4-dioxane (0.2) 100 51
20 PPy (20) 1,4-dioxane (0.2) 100 48
21 4-MeOPy (20) 1,4-dioxane (0.2) 100 20
22 EtsN (20) 1,4-dioxane (0.2) 100 trace
23 DMAP (20) MeCN (0.2) 100 45
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Continuing the Table S1

24 DMAP (20) THF (0.2) 100 46
25 DMAP (20) toluene (0.2) 100 45
26 DMAP (20) MeOH (0.2) 100 0

27 DMAP (20) DMF (0.2) 100 0
28¢ DMAP (20) 1,4-dioxane (0.1) 100 37
29¢ DMAP (20) MeCN (0.1) 100 41
30¢ DMAP (20) THF (0.1) 100 61
31 DMAP (20) THF (0.05) 100 66 (63)°
32 DMAP (10) THF (0.05) 100 50
33 - THF (0.05) 100 0

aAll reactions were conducted with 1a (0.1 mmol) for 20 h. "The yield was
determined by GC with n-dodecane as an internal standard. ‘With Na(OAc). (30
mol %). 948 h. eIsolated yield in the parenthesis. "\Without catalyst.

Me Me
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3. General Procedure and Characterization Data

o)
Me Me
J R A N
B}’ DMAP (20 mol %) '
Ng > V. R S
]

/g THF, 50-120 °C, 24-48 h

0 Boc
1 R =H or Me 2 DMAP

Ar

General Procedure: To a 25 mL oven-dried Schlenk tube was added substrate 1
(0.10 mmol), DMAP (0.02 mmol, 2.4 mg) and a stir bar. The Schlenk tube was
transferred into a No-filled glovebox and freshly distilled anhydrous THF was added
(2 mL). The tube was then removed out from the glovebox and stirred at 50 ~ 120 <C
for 24 ~ 48 hours. The resulting mixture was concentrated under vacuum and purified
by flash column chromatography on silica gel to give the desired product 2.
woPh
\
Me
Boc
2a

N-Boc-3-benzoyl-2-methylindole (2a). Synthesized according to the general
procedure with substrate 1a (0.10 mmol, 33.5 mg) at 100 <C for 48 h. Purified by
flash column chromatography on silica gel (PE : EA = 30 : 1) to give 2a as a colorless
oil (21.0 mg, 63% yield). With 1a (1.0 mmol, 335.4 mg) as substrate, according to the
general procedure (20 mol % DMAP, 20 mL THF, 100 <C, 48 h), 2a was obtained in
52% vyield (174.2 mg). *H NMR (400 MHz, CDCls) § 8.13 (d, J = 8.4 Hz, 1H), 7.84
(d, J=7.6 Hz, 2H), 7.59 (t, J = 7.2 Hz, 1H), 7.46 (dd, J = 7.6, 7.6 Hz, 2H), 7.31 (d, J
= 7.6 Hz, 1H), 7.27 (d, J = 7.6 Hz, 1H), 7.16 (dd, J = 7.6, 7.6 Hz, 1H), 2.63 (s, 3H),
1.72 (s, 9H). *°C NMR (100 MHz, CDCls) § 193.4, 150.2, 142.3, 139.5, 135.4, 132.7,
129.5, 128.5, 127.9, 124.1, 123.3, 120.4, 119.4, 115.2, 85.0, 28.2, 16.0. HRMS (ESI)
Calcd for [C21H22NOs]* [M+H]" 336.1594, Found 336.1602.

éOC
2b
N-Boc-3-benzoyl-2,5-dimethylindole (2b). Synthesized according to the general
procedure with substrate 1b (0.10 mmol, 34.9 mg) at 100 <C for 48 h. Purified by
flash column chromatography on silica gel (PE : EA =40 : 1) to give 2b as a colorless
oil (20.5 mg, 59% vyield).*H NMR (400 MHz, CDCl3) § 7.98 (d, J = 8.4 Hz, 1H), 7.84
(d, J = 7.2 Hz, 2H), 7.59 (t, J = 7.6 Hz, 1H), 7.46 (dd, J = 7.6, 7.6 Hz, 2H), 7.18 (s,
1H), 7.10 (d, J = 8.4 Hz, 1H), 2.58 (s, 3H), 2.34 (s, 3H), 1.70 (s, 9H). *C NMR (100
MHz, CDCls) 8 193.6, 150.3, 142.0, 139.7, 133.8, 132.9, 132.7, 129.6, 128.5, 128.2,
1255, 120.3, 119.3, 114.9, 84.8, 28.2, 21.3, 16.1. HRMS (ESI) Calcd for
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[C22H2sNO3]* [M+H]* 350.1751, Found 350.1744.

O,

MeO, Ph
O
I}l Me
Boc
2c
N-Boc-3-benzoyl-5-methoxyl-2-methylindole (2c). Synthesized according to the
general procedure with substrate 1c (0.10 mmol, 36.5 mg) at 100 <C for 48 h. Purified
by flash column chromatography on silica gel (PE : EA = 30 : 1) to give 2c as a
colorless oil (21.2 mg, 58% vyield). *H NMR (400 MHz, CDCls3) § 8.00 (d, J = 9.2 Hz,
1H), 7.83 (d, J = 7.6 Hz, 2H), 7.59 (t, J = 6.8 Hz, 1H), 7.47 (dd, J = 7.6, 7.6 Hz, 2H),
6.90 — 6.87 (m, 2H), 3.70 (s, 3H), 2.58 (s, 3H), 1.70 (s, 9H). *C NMR (100 MHz,
CDClIs) 6 193.6, 156.2, 150.1, 142.9, 139.6, 132.7, 130.1, 129.5, 128.8, 128.5, 119.2,
116.0, 113.1, 102.7, 84.9, 55.4, 28.2, 16.3. HRMS (ESI) Calcd for [C22H24NO4]"
[M+H]* 366.1700, Found 366.1709.

Ph {
Ph
Oy

N Me

Boo

2d

N-Boc-3-benzoyl-5-phenyl-2-methylindole (2d). Synthesized according to the
general procedure with substrate 1d (0.10 mmol, 41.1 mg) at 100 <C for 48 h. Purified
by flash column chromatography on silica gel (PE : EA = 50 : 1) to give 2d as a
colorless oil (30.4 mg, 74% vyield). *H NMR (400 MHz, CDCl3) § 8.17 (d, J = 8.4 Hz,
1H), 7.87 (d, J = 7.6 Hz, 2H), 7.61 — 7.45 (m, 7H), 7.37 (dd, J = 7.6, 7.6 Hz, 2H), 7.28
(dd, J = 7.2, 7.2 Hz, 1H), 2.64 (s, 3H), 1.73 (s, 9H). *C NMR (100 MHz, CDCl3) &
193.4, 150.2, 142.8, 141.3, 139.6, 136.6, 135.0, 132.9, 129.6, 128.7, 128.5, 127.3,
126.9, 123.7, 119.6, 118.8, 115.5, 85.1, 28.2, 16.2. HRMS (ESI) Calcd for

[C2rH2sNOs]* [M+H]* 412.1907, Found 412.1911.

o)

FsC Ph
z 2 \i

I}l Me

Boc

2e

N-Boc-3-benzoyl-5-trifluoromethyl-2-methylindole (2e). Synthesized according to
the general procedure with substrate 1e (0.10 mmol, 40.3 mg) at 70 <C for 36 h.
Purified by flash column chromatography on silica gel (PE : EA = 40 : 1) to give 2e
as a colorless oil (34.8 mg, 86% yield). *H NMR (400 MHz, CDCl3) § 8.23 (d, J = 8.8
Hz, 1H), 7.83 (d, J = 7.6 Hz, 2H), 7.70 (s, 1H), 7.62 (t, J = 7.2 Hz, 1H), 7.54 — 7.47
(m, 3H), 2.61 (s, 3H), 1.72 (s, 9H). **C NMR (100 MHz, CDCl3z) & 192.8, 149.8,
143.6, 139.2, 137.1, 133.1, 129.5, 128.6, 127.8, 125.8 (q, J = 32.3 Hz), 1245 (q, J =
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270.0 Hz), 121.0 (q, J = 3.4 Hz), 119.4, 117.8 (g, J = 3.9 Hz), 115.6, 85.9, 28.2, 16.2.
HRMS (ESI) Calcd for [CaaH21FsNOs]* [M+H]* 404.1468, Found 404.1469.

NC R
Ph
O
N Me
Boc
2f
N-Boc-3-benzoyl-5-cyano-2-methylindole (2f). Synthesized according to the general
procedure with substrate 1f (0.10 mmol, 36.0 mg) at 50 <C for 24 h. Purified by flash
column chromatography on silica gel (PE : EA = 20 : 1) to give 2f as a colorless oil
(28.5 mg, 79% vyield). *H NMR (400 MHz, CDCls) § 8.23 (d, J = 8.4 Hz, 1H), 7.80 (d,
J =8.0 Hz, 2H), 7.70 (s, 1H), 7.64 (t, J = 7.6 Hz, 1H), 7.54 — 7.48 (m, 3H), 2.63 (s,
3H), 1.73 (s, 9H). 3C NMR (100 MHz, CDCl3) § 192.4, 149.4, 144.2, 138.9, 137.4,
133.3, 129.4, 128.7, 128.0, 127.3, 125.1, 119.4, 118.9, 116.1, 106.9, 86.3 28.1, 16.1.
HRMS (ESI) Calcd for [C22H20N203Na]* [M+Na]* 383.1366, Found 383.1376.

Boc

29
N-Boc-3-benzoyl-5-fluoro-2-methylindole (2g). Synthesized according to the
general procedure with substrate 1g (0.10 mmol, 35.4 mg) at 60 <C for 36 h. Purified
by flash column chromatography on silica gel (PE : EA = 40 : 1) to give 2g as a
colorless oil (32.4 mg, 92% yield). *H NMR (400 MHz, CDCls) § 8.09 — 8.07 (m, 1H),
7.81(d, J=7.6 Hz, 2H), 7.59 (d, J = 7.2 Hz, 1H), 7.47 (dd, J = 7.2, 6.8 Hz, 2H), 7.00
(dd, J = 10.0, 9.2 Hz, 2H), 2.61 (s, 3H), 1.71 (s, 9H). °C NMR (100 MHz, CDCls3) &
193.0, 159.4 (d, J = 238.4 Hz), 149.9, 143.8, 139.3, 132.9, 131.8, 129.4, 1299 (d, J =
10.0 Hz), 128.6, 119.1 (d, J = 3.9 Hz), 116.3 (d, J = 9.0 Hz), 111.9 (d, J = 24.8 Hz),
106.0 (d, J = 24.9), 85.3, 28.1, 16.2. HRMS (ESI) Calcd for [C21H20FNOsNa]*
[M+Na]* 376.1319, Found 376.1316.

Cl =
Ph
s

N Me

Boc

2h

N-Boc-3-benzoyl-5-chloro-2-methylindole (2h). Synthesized according to the
general procedure with substrate 1h (0.10 mmol, 37.0 mg) at 70 <C for 24 h. Purified
by flash column chromatography on silica gel (PE : EA = 40 : 1) to give 2h as a
colorless oil (27.8 mg, 75% vyield). *H NMR (400 MHz, CDCls) § 8.05 (d, J = 8.8 Hz,
1H), 7.81 (d, J = 7.2 Hz, 2H), 7.61 (t, J = 7.2 Hz, 1H), 7.48 (dd, J = 7.6, 7.6 Hz, 2H),
7.35(d, J = 2.0 Hz, 1H), 7.23 (dd, J = 9.2, 2.0 Hz, 1H), 2.59 (s, 3H), 1.71 (s, 9H). °C
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NMR (100 MHz, CDCls) 6 192.9, 149.8, 143.3, 139.2, 133.9, 133.0, 129.5, 129.1,
128.6, 124.4, 119.9, 118.8, 116.3, 85.5, 28.1, 16.2. HRMS (ESI) Calcd for
[C21H21CINOs]* [M+H]" 370.1204, Found 370.1210.

Boc
2i

N-Boc-3-benzoyl-2,6-methylindole (2i). Synthesized according to the general
procedure with substrate 1i (0.10 mmol, 37.0 mg) at 120 <C for 36 h. Purified by flash
column chromatography on silica gel (PE : EA =50 : 1) to give 2i as a colorless oil
(16.3 mg, 47% yield). *H NMR (400 MHz, CDCl3) § 7.98 (s, 1H), 7.82 (d, J = 7.2 Hz,
2H), 7.57 (t, J = 6.8 Hz, 1H), 7.45 (dd, J = 6.8, 6.8 Hz, 2H), 7.15 (d, J = 8.0 Hz, 1H),
6.98 (d, J = 7.6 Hz, 1H), 2.62 (s, 3H), 2.46 (s, 3H), 1.71 (s, 9H). *C NMR (100 MHz,
CDCl3) 6 193.5, 150.3, 141.6, 139.6, 135.9, 134.1, 132.7, 129.5, 128.4, 125.7, 124.7,
120.0, 119.4, 115.4, 84.8, 28.2, 21.9, 16.0. HRMS (ESI) Calcd for [C22H24NO3]"
[M+H]" 350.1751, Found 350.1748.

éoc

2k
N-Boc-3-benzoyl-2-ethynylindole (2k). Synthesized according to the general
procedure with substrate 1k (0.10 mmol, 34.9 mg), DMAP (0.03 mmol, 3.7 mg) in
THF (1 mL) at 100 <C for 48 h. Purified by flash column chromatography on silica
gel (PE : EA =50 : 1) to give 2k as a colorless oil (16.9 mg, 48% vyield). *H NMR
(400 MHz, CDCl3) ¢ 8.13 (d, J = 8.4 Hz, 1H), 7.83 (d, J = 7.6 Hz, 2H), 7.58 (1, J = 7.2
Hz, 1H), 7.45 (dd, J = 7.6, 7.6 Hz, 2H), 7.28 — 7.24 (m, 1H), 7.12 — 7.10 (m, 2H),
3.18 (q, J = 7.2 Hz, 2H), 1.73 (s, 9H), 1.29 (t, J = 7.2 Hz, 3H). 3C NMR (100 MHz,
CDCls) 6 193.5, 150.0, 147.9, 139.6, 135.6, 132.7, 129.5, 128.4, 127.9, 124.1, 123.1,
120.4, 118.9, 115.4, 85.0, 28.1, 21.2, 15.0. HRMS (ESI) Calcd for [C22H24NO3]*
[M+H]" 350.1751, Found 350.1759.

N-Benzoyl-2-methylindole (2I). Synthesized according to the general procedure with
N-benzoyl-2-allenylaniline 11 (0.10 mmol, 23.5 mg), DMAP (0.02 mmol, 2.4 mg) in
THF (2 mL) at 100 <C for 48 h. Purified by flash column chromatography on silica
gel (PE : EA =50 : 1) to give 2l as a white solid(20.1 mg, 86% vyield). The *H NMR
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spectra is the same as the reported data.! *tH NMR (400 MHz, CDCl3) § 7.72 (d, J =
8.0 Hz, 2H), 7.62 (t, J = 7.2 Hz, 1H), 7.51 — 7.41 (m, 3H), 7.16 — 7.12 (m, 1H), 7.04 —
6.98 (M, 2H), 6.43 (s, 1H), 2.41 (s, 3H).

Me

Boc
2m

N-Boc-3-(4-(methyl)benzoyl)-2-methylindole (2m). Synthesized according to the
general procedure with substrate 1m (0.10 mmol, 34.9 mg) at 100 <C for 48 h.
Purified by flash column chromatography on silica gel (PE : EA =50 : 1) to give 2m
as a colorless oil (22.5 mg, 64% yield). *H NMR (400 MHz, CDCl3) § 8.12 (d, J = 8.4
Hz, 1H), 7.75 (d, J = 8.0 Hz, 2H), 7.33 (d, J = 8.0 Hz, 1H), 7.26 — 7.24 (m, 3H), 7.16
(dd, J =7.6, 7.6 Hz, 1H), 2.63 (s, 3H), 2.43 (s, 3H), 1.71 (s, 9H). *C NMR (100 MHz,
CDCIz) 6 193.1, 150.2, 143.6, 141.7, 136.8, 135.4, 129.8, 129.1, 128.0, 124.0, 123.2,
120.3, 119.6, 115.2, 84.9, 28.2, 21.7, 16.0. HRMS (ESI) Calcd for [C22H23NOsNa]*
[M+Na]" 372.1570, Found 372.1569.

\
N
Boc
2n

N-Boc-3-(4-methoxylbenzoyl)-2-methylindole (2n). Synthesized according to the
general procedure with substrate 1n (0.10 mmol, 36.5 mg) at 100 <C for 48 h. Purified
by flash column chromatography on silica gel (PE : EA = 20 : 1) to give 2n as a
colorless oil (26.4 mg, 72% vyield). *H NMR (400 MHz, CDCl3) § 8.12 (d, J = 8.4 Hz,
1H), 7.84 (d, J = 9.2 Hz, 2H), 7.33 (d, J = 8.0 Hz, 1H), 7.29 — 7.24 (m, 1H), 7.17 —
7.13 (m, 1H), 6.93 (d, J = 8.8 Hz, 2H), 3.88 (s, 3H), 2.63 (s, 3H), 1.71 (s, 9H). *C
NMR (100 MHz, CDCls) & 192.0, 163.5, 150.3, 141.1, 135.5, 132.2, 132.0, 128.2,
124.0, 123.2, 120.3, 119.8, 115.2, 113.7, 84.8, 55.5, 28.2, 15.9. HRMS (ESI) Calcd
for [C22H24NO4]* [M+H]" 366.1700, Found 366.1707.

0,
COZMe
N\ Me
Boc

20

N-Boc-3-(4-(methoxycarbonyl)benzoyl)-2-methylindole (20). Synthesized
according to the general procedure with substrate 10 (0.10 mmol, 39.3 mg) at 100 <C
for 48 h. Purified by flash column chromatography on silica gel (PE : EA=20:1) to
give 20 as a colorless oil (27.0 mg, 68% yield). *H NMR (400 MHz, CDCls) § 8.14 —
8.12 (m, 3H), 7.87 (d, J = 6.8 Hz, 2H), 7.31 - 7.27 (m, 2H), 7.15 (dd, J = 7.2, 8.0 Hz,
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1H), 3.96 (s, 3H), 2.64 (s, 3H), 1.72 (s, 9H). *C NMR (100 MHz, CDCls) § 192.7,
166.3, 150.0, 143.3, 143.2, 135.4, 133.4, 129.7, 129.3, 127.6, 124.3, 123.4, 120.3,
118.9, 1152, 85.2, 52.4, 28.2, 16.0. HRMS (ESI) Calcd for [CzsH2sNOsNa]*
[M+Na]* 416.1468, Found 416.1458.

Boc
2p

N-Boc-3-(4-(nitro)benzoyl)-2-methylindole (2p). Synthesized according to the
general procedure with substrate 1p (0.10 mmol, 38.0 mg) at 100 <C for 48 h. Purified
by flash column chromatography on silica gel (PE : EA = 50 : 1) to give 2p as a
colorless oil (22.6 mg, 59% vyield). *H NMR (400 MHz, CDCls) § 8.32 (d, J = 8.4 Hz,
2H), 8.13 (d, J = 8.4 Hz, 1H), 7.96 (d, J = 8.8 Hz, 2H), 7.31 (dd, J = 8.0, 8.8 Hz, 1H),
7.22 —7.15 (m, 2H), 2.68 (s, 3H), 1.73 (s, 9H). 3C NMR (100 MHz, CDCl3) & 191.4,
150.0, 144.7, 143.9, 135.4, 130.3, 127.3, 124.5, 123.8, 123.6, 120.1, 118.4, 1154,
85.5, 28.1, 16.0. HRMS (ESI) Calcd for [C21H20N20sNa]* [M+Na]*™ 403.1264, Found
403.1264.

Boo
2q

N-Boc-3-(4-(trifluoromethyl)benzoyl)-2-methylindole (2q). Synthesized according
to the general procedure with substrate 1g (0.10 mmol, 40.3 mg) at 100 <C for 48 h.
Purified by flash column chromatography on silica gel (PE : EA = 50 : 1) to give 2q
as a colorless oil (17.7 mg, 44% yield). *H NMR (400 MHz, CDCl3) 6 8.13 (d, J = 8.4
Hz, 1H), 7.92 (d, J = 8.0 Hz, 2H), 7.73 (d, J = 8.0 Hz, 2H), 7.31 — 7.25 (m, 2H), 7.19
— 7.17 (m, 1H), 2.65 (s, 3H), 1.72 (s, 9H). **C NMR (100 MHz, CDCls) & 192.2,
150.1, 143.3, 142.7, 135.5, 134.0 (g, J = 32.6 Hz), 129.7, 127.6, 125.6 (q, J = 3.8 Hz),
124.4, 123.9 (q, J = 231.1 Hz), 123.6, 120.2, 118.8, 115.3, 85.3, 28.2, 16.0. HRMS
(ESI) Calcd for [C22H21FsNO3]" [M+H]* 404.1468, Found 404.1476.

ot O

Boc
2r

N-Boc-3-(4-(fluoro)benzoyl)-2-methylindole (2r). Synthesized according to the
general procedure with substrate 1r (0.10 mmol, 35.3 mg) at 100 <C for 48 h. Purified
by flash column chromatography on silica gel (PE : EA = 40 : 1) to give 2r as a
colorless oil (24.7 mg, 70% vyield). *H NMR (400 MHz, CDCl3) 6 8.13 (d, J = 8.4 Hz,
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1H), 7.89 — 7.87 (m, 2H), 7.29 — 7.26 (m, 2H), 7.18 — 7.12 (m, 3H), 2.64 (s, 3H), 1.72
(s, 9H). 3C NMR (100 MHz, CDCls) § 191.8, 165.6 (d, J = 252.7 Hz), 150.1, 142.2,
135.8, 135.4, 132.2 (d, J = 9.1 Hz), 127.8, 124.2, 123.3, 120.2, 119.2, 115.6 (d, J =
21.8 Hz), 115.3, 85.1, 28.2, 15.9. HRMS (ESI) Calcd for [Ca1H21FNO3]* [M+H]*
354.1500, Found 354.1508.

(0]

L)

QI
N Me
éoc

2s

N-Boc-3-(4-(bromo)benzoyl)-2-methylindole (2s). Synthesized according to the
general procedure with substrate 1s (0.10 mmol, 41.4 mg), DMAP (0.02 mmol, 2.4
mg) in THF (2 mL) at 100 <C for 48 h. Purified by flash column chromatography on
silica gel (PE : EA = 40 : 1) to give 2s as a colorless oil (19.2 mg, 46% vyield). H
NMR (400 MHz, CDCls) 6 8.12 (d, J = 8.8 Hz, 1H), 7.70 (d, J = 8.0 Hz, 2H), 7.60 (d,
J=8.4 Hz, 2H), 7.30 — 7.26 (m, 2H), 7.17 (dd, J = 7.6, 7.2 Hz, 1H), 2.64 (s, 3H), 1.72
(s, 9H). 3C NMR (100 MHz, CDCl3) § 192.2, 150.1, 142.6, 138.3, 135.4, 131.8,
131.1, 127.8, 127.7, 124.3, 123.4, 120.2, 118.9, 115.3, 85.2, 28.2, 16.0. HRMS (ESI)
Calcd for [C21H20BrNOsNa]*™ [M+Na] ™ 436.0519, Found 436.0517.

R

Boc
2t

N-Boc-3-(3-(bromo)benzoyl)-2-methylindole (2t). Synthesized according to the
general procedure with substrate 1t (0.10 mmol, 41.4 mg) at 100 <C for 48 h. Purified
by flash column chromatography on silica gel (PE : EA = 40 : 1) to give 2t as a
colorless oil (23.5 mg, 57% vyield). *H NMR (400 MHz, CDCl3) § 8.12 (d, J = 8.4 Hz,
1H), 7.97 (s, 1H), 7.72 (dd, J = 7.6, 7.2 Hz, 2H), 7.35 — 7.26 (m, 3H), 7.18 (dd, J =
7.6, 7.6 Hz, 1H), 2.64 (s, 3H), 1.72 (s, 9H). *C NMR (100 MHz, CDCls) & 191.8,
150.1, 142.9, 141.4, 1355, 135.4, 132.3, 130.1, 128.1, 127.6, 124.3, 123.5, 122.7,
120.2, 118.8, 115.3, 85.2, 28.2, 16.0. HRMS (ESI) Calcd for [C21H20BrNO3sNa]*
[M+Na]* 436.0519, Found 436.0510.

Cl

Boc
2u

N-Boc-3-(2-(chloro)benzoyl)-2-methylindole (2u). Synthesized according to the
general procedure with substrate 1u (0.10 mmol, 37.0 mg) at 100 <TC for 48 h. Purified
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by flash column chromatography on silica gel (PE : EA = 50 : 1) to give 2u as a
colorless oil (12.7 mg, 34% vyield). *H NMR (400 MHz, CDCls3) § 8.07 (d, J = 8.4 Hz,
1H), 7.75 - 7.43 (m, 3H), 7.38 (d, J = 6.4 Hz, 1H), 7.33 — 7.26 (m, 2H), 7.16 (dd, J =
7.6, 7.2 Hz, 1H), 2.67 (s, 3H), 1.71 (s, 9H). *C NMR (100 MHz, CDCl3) & 191.5,
149.9, 145.6, 141.1, 135.6, 131.3, 131.2, 130.4, 129.1, 127.3, 127.1, 124.3, 123.8,
120.3, 119.0, 114.9, 85.4, 28.1, 15.3. HRMS (ESI) Calcd for [C21H20CINOsNa]*
[M+Na]* 392.1024, Found 392.1017.

2v

N-Boc-3-(2-naphthoyl)-2-methylindole (2v). Synthesized according to the general
procedure with substrate 1v (0.10 mmol, 38.5 mg) at 100 <C for 48 h. Purified by
flash column chromatography on silica gel (PE : EA =50 : 1) to give 2v as a colorless
oil (14.0 mg, 36% yield). *H NMR (400 MHz, CDCls) & 8.32 (s, 1H), 8.15 (d, J = 8.4
Hz, 1H), 7.98 — 7.87 (m, 4H), 7.61 (dd, J = 7.6, 6.4 Hz, 1H), 7.53 (dd, J = 7.6, 7.2 Hz,
1H), 7.35 — 7.26 (m, 2H), 7.14 (dd, J = 8.0, 7.6 Hz, 1H), 2.66 (s, 3H), 1.73 (s, 9H).
13C NMR (100 MHz, CDCls3) § 3C NMR (100 MHz, CDCl3) § 193.4, 150.2, 142.2,
136.8, 135.5, 132.5, 131.5, 129.5, 128.4, 128.3, 128.1, 127.8, 126.7, 125.2, 124.2,
123.4, 122.2, 120.4, 119.6, 115.2, 85.0, 28.2, 16.0. HRMS (ESI) Calcd for
[C25H24NOs]* [M+H]* 386.1751, Found 386.1757.

4

\ O

N Me

|

Boc

2w
N-Boc-3-(furan-2-carbonyl)-2-methylindole (2w). Synthesized according to the
general procedure with substrate 1w (0.10 mmol, 32.5 mg) at 100 <T for 48 h.
Purified by flash column chromatography on silica gel (PE : EA = 20 : 1) to give 2w
as a colorless oil (26.8 mg, 82% yield). *H NMR (400 MHz, CDCl3) § 8.12 (d, J = 8.4
Hz, 1H), 7.69 — 7.62 (m, 1H), 7.52 (d, J = 7.6 Hz, 1H), 7.30 — 7.26 (m, 1H), 7.21 (dd,
J=176, 7.6 Hz, 1H), 7.16 (d, J = 3.6 Hz, 1H), 6.58 (dd, J = 3.6, 1.2 Hz, 1H), 2.69 (s,
3H), 1.71 (s, 9H). *C NMR (100 MHz, CDCls) & 179.7, 153.5, 150.1, 146.7, 141.6,
135.5,127.5, 124.2, 123.3, 119.9, 119.6, 119.0, 115.3, 112.3, 85.0, 28.2, 15.8. HRMS
(ESI) Calcd for [C19H19NOsNa]* [M+Na]* 348.1206, Found 348.1201.
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N-Boc-3-(thiophene-2-carbonyl)-2-methylindole (2x). Synthesized according to the
general procedure with substrate 1x (0.10 mmol, 34.1 mg) at 100 <C for 48 h. Purified
by flash column chromatography on silica gel (PE : EA = 30 : 1) to give 2x as a
colorless oil (27.4mg, 80% vyield). *H NMR (400 MHz, CDCls) § 8.13 (d, J = 8.4 Hz,
1H), 7.71 (d, J = 3.6 Hz, 1H), 7.58 (s, 1H), 7.51 (d, J = 7.2 Hz, 1H), 7.28 (dd, J = 9.6,
6.8 Hz, 1H), 7.20 (dd, J = 7.6, 7.6 Hz, 1H), 7.11 — 7.11 (m, 1H), 2.69 (s, 3H), 1.71 (s,
9H). 3C NMR (100 MHz, CDCls) & 184.9, 150.2, 145.6, 140.8, 135.4, 134.6, 134.2,
128.0, 127.7, 124.2, 123.2, 120.0, 119.7, 115.3, 84.9, 28.2, 16.0. HRMS (ESI) Calcd
for [C1oH20NO3S]" [M+H]* 342.1158, Found 342.1157.

4. Synthetic Applications

Preparation of 3H-indole 3

Ph Q
Br
_ _ Ph
A\ Me K5,CO3 (2 equiv) NBS (1.1 equiv) M
N MeOH/H,0,70°C,2h  DCM, rt, 2 h N
Boc
2a 3, 74% yield

To a 25 mL Schlenk tube was added 2a (0.1 mmol, 33.5 mg), K.COz (0.2 mmol, 27.6
mg) and MeOH/H>O (3/1, 1 mL). The mixture was stirred at 70 °C for 5 h. The
solution was cooled to room temperature and filtered. The filtrate was dried over
Na>SOs and concentrated under vacuum to give crude 3-benzoyl-2-methylindole as a
solid without further purification. Then, crude 3-benzoyl-2-methylindole was
dissolved in DCM (1 mL). To the above solution was added N-bromosuccinimide
(0.11 mmol, 19.5 mg) and the resulting mixture was stirred at room temperature for 2
h. The mixture was evaporated to get the crude product, which was purified by flash
silica gel chromatography with petroleum ether/ethyl acetate (5:1) to give 3H-indole 3
as a white solid (23.3 mg, 74% vyield). Compound 3 is very difficult to be dissolved in
various deuterated solvents. *H NMR (400 MHz, CDCls3) & 7.74 (d, J = 6.8 Hz, 3H),
7.57 (dd, J = 7.6, 7.6 Hz, 1H), 7.48 — 7.45 (m, 3H), 7.27 — 7.26 (m, 1H), 7.26 — 7.25
(m, 1H), 2.54 (s, 3H). HRMS (ESI) Calcd for [C1sH12BrNONa]* [M+Na]* 335.9994,
Found 335.9986.

Preparation of benzilic bromide 4.
(0] (0]

Ph (PhCO),0 (15 mol %) PhB
NBS (1.5 equiv r
N (1.5 equiv) . N\
N\ CCly, 80°C,6h N‘
Boc Boc
2a 4, 83% yield

To a solution of 2a (0.1 mmol, 335 mg) in CCls (1 mL) was added
N-bromosuccinimide (0.1 mmol, 17.8 mg) and benzoyl peroxide (0.01 mmol, 2.3 mg).
The mixture was heated at 80 °C for 3 h. Then, an additional portion of
N-bromosuccinimide (0.05 mmol, 8.9 mg) and benzoyl peroxide (0.005 mmol, 1.2 mg)
was added. The mixture was stirred at 80 °C for another 3 h. After cooling to room
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temperature and filtered. The filtrate was evaporated to get the crude product, which
was purified by flash silica gel chromatography with petroleum ether/ethyl acetate
(50:1) to give benzilic bromide 4 as a colorless oil (43.2 mg, 83% yield). 'H NMR
(400 MHz, CDCl3) 6 8.20 (d, J = 8.4 Hz, 1H), 7.84 (d, J = 8.0 Hz, 2H), 7.61 (dd, J =
7.6, 6.8 Hz, 1H), 7.47 (dd, J = 7.6, 7.2 Hz, 2H), 7.27 — 7.33 (m, 1H), 7.14 (d, J = 3.6
Hz, 2H), 5.12 (s, 2H), 1.76 (s, 9H). *C NMR (100 MHz, CDCls) § 192.7, 149.3,
138.9, 138.8, 136.2, 133.3, 129.7, 128.6, 127.0, 125.8, 123.6, 121.5, 121.2, 115.6,
86.0, 28.0, 23.8. HRMS (ESI) Calcd for [C21H20BrNOsNa]®™ [M+Na]™ 436.0519,
Found 436.0523.

Preparation of 3-alkenyl indole 5

(e
Ph Ph
Ph;PMeBr 2equw)
n-BulLi (2 equiv) K2C03 (2 equiv)
N Me \ Me + N N\ Me
N THF, 0°C, 1 h N MeOHﬁbO N

Boc 70°C,2h H
2a 5, 88% yield

The n-BuLi (0.28 mmol, 1.3 M in THF, 215 uL) was added dropwise to a suspension
of methyltriphenylphosphoniumbromide (0.28 mmol, 100 mg) in dry THF (4.4 mL) at
0 °C and the reaction mixture was stirred for 20 min under nitrogen. To the ylide was
added 2a (0.14 mmol, 46.9 mg) and the reaction mixture was stirred under nitrogen at
0 °C for 1 h. Aqueous HCI solution (1 mol/L) was added and the mixture was
extracted with ethyl acetate. The combined organic phases were evaporated to get the
crude mixture of olefin products without further purification. Then, to a solution of
crude mixture of olefin products was added K>COs (0.28 mmol, 38.7 mg) in
MeOH/H20 (3:1, 2 mL). The reaction mixture was refluxed at 70 °C for 2 h. The
solution was cooled to room temperature and filtered. The filtrate was dried over
Na>SOs and evaporated to get the crude product, which was purified by flash silica
gel chromatography with petroleum ether/ethyl acetate (10:1) to give 3-alkenyl 5.as a
colorless oil (28.8 mg, 88% vyield). The *H NMR spectra is the same as the reported
data.? *H NMR (400 MHz, CDCls) & 7.91 (s, 1H), 7.39 (d, J = 5.6 Hz, 2H), 7.30 —
7.27 (m, 3H), 7.22 — 7.20 (m, 1H), 7.10 (dd, J = 7.6, 7.2 Hz, 1H), 6.98 (dd, J = 7.6,
7.2 Hz, 1H), 5.72 (s, 1H), 5.32 (s, 1H), 2.24 (s, 3H).

T

Preparation of indole 6

(0] HO
Ph Ph
NaBH, (1.5 equiv)
N Me > N Me
N\ MeOH/THF, rt, 18 h N‘
Boc Boc
2a 6, 95% vyield

To a dry THF/MeOH solution (1 mL/1 mL) of 2a (0.1 mmol, 33.5 mg) was added
NaBHs (0.15 mmol, 5.7 mg) at 0 <C. The reaction mixture was allowed warm to room
temperature and was stirred for 18 h. the reaction was quenched with water and
diluted with ethyl acetate. The organic layer was washed with water and brine, and
then dried over dry Na>SOa. After concentration under reduced pressure, the residue
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was purified by flash silica gel chromatography with petroleum ether/ethyl acetate
(10:1) to give 6 as a colorless oil (33.6 mg, 95% yield). *H NMR (400 MHz, CDCls) &
8.08 (d, J = 8.4 Hz, 1H), 7.44 — 7.41 (m, 3H), 7.29 (dd, J = 7.6, 7.4 Hz, 2H), 7.23 —
7.17 (m, 2H), 7.07 (dd, J = 7.6, 7.2 Hz, 1H), 6.16 (s, 1H), 2.62 (s, 3H), 1.67 (s, 9H).
13C NMR (100 MHz, CDCls) & 150.6, 142.8, 136.0, 134.7, 128.2, 127.7, 127.0, 125.8,
123.4, 1225, 120.0, 119.7, 115.3, 83.9, 68.7, 28.2, 14.2. HRMS (ESI) Calcd for
[C21H23NOsNa]*™ [M+Na]*" 360.1570, Found 360.1561.

Preparation of pravadoline

le) O OMe
K2CO3 (2 equiv) NaH (1.1 equiv)

N\ M N > >
e MeOH/H,0, 70 °C, 2 h /_\ Br

Boc (1 2 equiv)
2n DMF, rt, 12 h pravadoline, 77% yield

To a 25 mL Schlenk tube was added 2n ( 0.18 mmol, 67.1 mg), K>COs (0.54 mmol,
74.6 mg) and MeOH/H,0 (3/1, 2 mL). The mixture was stirred at 70 °C for 5 h. The
solution was cooled to room temperature and filtered. The filtrate was dried over
Na>SOs and concentrated under vacuum to give crude N-H 3-aroylindole without
further purification. To an anhydrous DMF (2 mL) solution of the crude N-H
3-aroylindole was added NaH (0.2 mmol, 60% in mineral oil, 8.0 mg) slowly at 0 °C.
The reaction mixture was stirred continuously at 0 °C for 30 min before
4-(2-bromoethyl)morpholine (0.22 mmol, 42.7 mg) was added. The mixture was
stirred at room temperature for 12 h. The reaction mixture was quenched by a
dropwise addition of water. The mixture was extracted with ethyl acetate and the
combined organic phases were dried over Na>SO4 and evaporated to get the crude
product, which was purified by flash silica gel chromatography with petroleum
ether/ethyl acetate (10:1) to give pravadoline as a white solid (52.1 mg, 77% vyield).
The *H NMR spectra is the same as the reported data.>*H NMR (400 MHz, CDCl3) &
7.77 (d, J = 8.8 Hz, 2H), 7.37 (d, J = 8.0 Hz, 1H), 7.32 (d, J = 8.0 Hz, 1H), 7.19 (dd, J
=7.6,7.6 Hz, 1H), 7.07 (dd, J = 7.6, 7.2 Hz, 1H), 6.92 (d, J = 8.4 Hz, 2H), 4.25 (, J =
6.8 Hz, 2H), 3.86 (s, 3H), 3.72 — 3.71 (brs, 4H), 2.70 (t, J = 6.8 Hz, 2H), 2.60 (s, 3H),
2.53-2.51 (brs, 4H).

5. Control Experiments and Mechanistic Studies

Radical-trapping experiment

(0]
5 P (20 | %
BE 3“E”Gpé (3n;<(q)uiv)) Qﬁ\%
N’ >
/go THF, 100 °C, 48 h \ Me
Boc
1a 2a, 64% yield
To a 25 mL oven-dried Schlenk tube was added 1a (0.10 mmol, 33.5 mg), TEMPO
(0.3 mmol, 47.9 mg), DMAP (0.02 mmol, 2.4 mg) and a stir bar. The Schlenk tube
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was transferred into a No-filled glovebox and added freshly distilled THF (2 mL). The
tube was then removed out from the glovebox and stirred at 100 <C for 48 h. The
resulting mixture was concentrated under vacuum and purified by flash column
chromatography on silica gel (PE : EA = 30 : 1) to give the desired product 2a as a

colorless oil (20.9 mg, 64% yield).

Crossover reaction

O,

Me Me
Me X Ph Ar
RS
\GE\,BOC \ \
N Me Me
! 1
Ph/go Boc Boc
1b ; .
DMAP (20 mol %) 2b, 54% yield 0% vield
+ >
THF, 100 °C, 48 h o) o
B§ "standard conditions" Ar Ph
N/ \ \
/g Me Me
Ar (@] ) )
Ar = 4-MeO-CgH, Boc Boc
n 2n, 62% yield 0% yield

To a 25 mL oven-dried Schlenk tube was added 1b (0.1 mmol, 34.9 mg) and 1n (0.1
mmol, 36.5 mg), DMAP (0.02 mmol, 2.4 mg) and a stir bar. The Schlenk tube was
transferred into a No-filled glovebox and added freshly distilled THF (2 mL). The tube
was then removed out from the glovebox and stirred at 100 <C for 48 hours. The
resulting mixture was concentrated under vacuum and purified by flash column
chromatography on silica gel to give 2b (18.9 mg, 54% vyield) and 2n (22.8 mg, 62%
yield) and no corresponding crossover product was observed in this reaction.

Deuterium labeling experiment

D -— 73% %H

@Bﬁ DMAP (20 mol %) Ph
N~ > \ D <— 60% 2H
/g THF, 100 °C, 48 h N

Ph (6]

"standard conditions" ||30(;

deuterio-1a deuterio-2a, 64% yield

To a 25 mL oven-dried Schlenk tube was added deuterio-1a (0.10 mmol, 33.6 mg),
DMAP (0.02 mmol, 2.4 mg) and a stir bar. The Schlenk tube was transferred into a
No-filled glovebox and added freshly distilled THF (2 mL). The tube was then
removed out from the glovebox and stirred at 100 <T for 48 hours. The resulting
mixture was concentrated under vacuum and purified by flash column
chromatography on silica gel (PE : EA = 30 : 1) to give the product deuterio-2a as a
colorless oil (21.6 mg, 64% yield). The *H NMR spectra of deuterio-1a was compared
with *H NMR spectra of 1a, indicating that there was 70% ?H at a-postion of allene in
deuterio-la. After the reaction, the 'H NMR spectra of deuterio-2a was compared
with *H NMR spectra of 2a, a single deuterium atom (70% 2H) was incorporated at
the 2-methyl group of the 3-aroylindole product deuterio-2a.
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'H NMR spectrum of 1a and deuterio-1a
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'H NMR spectrum of 2a and deuterio-2a
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Deuterium scrambling experiment with substrate deuterio-1a and 1n

D <— 73% 2H

X
@BE Bg DMAP (20 mol %) Ph Ar
Ng + N’ > \ b + \ D
/g /& THF, 100 °C, 48 h \

Ph™ =0 Ar~ =0 "standard conditions"

! 1
2 2
Ar = 4-MeO-CgH, Boc  40% 2H Boc 30% 2H
deuterio-1a 1n deuterio-2a, 54% deuterio-2n, 47%

To a 25 mL oven-dried Schlenk tube was added deuterio-1a (0.10 mmol, 33.6 mg),
1n (0.10 mmol, 36.5 mg), DMAP (0.02 mmol, 2.4 mg) and a stir bar. The Schlenk
tube was transferred into a N-filled glovebox and added freshly distilled THF (2 mL).
The tube was then removed out from the glovebox and stirred at 100 <C for 48 hours.
The resulting mixture was concentrated under vacuum and purified by flash column
chromatography on silica gel (PE : EA = 30 : 1) to give the product deuterio-2a (18.3
mg, 54% yield) and deuterio-2n (17.1 mg, 47% yield) as a colorless oil. The *H NMR
spectra of deuterio-2a was compared with *H NMR spectra of 2a, a single deuterium
atom (40% 2H) was incorporated at the 2-methyl group of the 3-aroylindole product
deuterio-2a. The 'H NMR spectra of deuterio-2n was compared with *H NMR
spectra of 2n, a single deuterium atom (30% 2H) was incorporated at the 2-methyl
group of the 3-aroylindole product deuterio-2n.

'H NMR spectrum of deuterio-2a
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1H NMR spectrum of 2n and deuterio-2n
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Deuterium scrambling experiment with substrate 1n and product deuterio-2a

) o) 0]

N
Bos Ph DMAP (20 mol %) Ar Ph
N + \ D > \ . \ D
A N k THF, 100 °C, 48 h N Me \
Art ~0 I "standard conditions" ! ! \
Ar = 4-MeO-CgH, Boc 40% *H Boc Boc  40% 2H

1n deuterio-2a 2n, 50% deuterio-2a, 95% recovery

To a 25 mL oven-dried Schlenk tube was added deuterio-2a (0.05 mmol, 16.8 mg),
1n (0.05 mmol, 18.2 mg), DMAP (0.01 mmol, 1.2 mg) and a stir bar. The Schlenk
tube was transferred into a N»-filled glovebox and added freshly distilled THF (1 mL).
The tube was then removed out from the glovebox and stirred at 100 <C for 48 hours.
The resulting mixture was concentrated under vacuum and purified by flash column
chromatography on silica gel (PE : EA = 30 : 1) to give the product deuterio-2a (16.0
mg, 95% yield recovery) and 2n (9.1 mg, 50% yield) as a colorless oil. The *H NMR
spectra of deuterio-2a was compared with *H NMR spectra of 2a, a single deuterium
atom (40% 2H) was incorporated at the 2-methyl group of the 3-aroylindole product
deuterio-2a.

Deuterium scrambling experiment with 1a in the presence of D20

O,

DMAP (20 mol %) Ph
D,0 (5.0 equw) {
)l\ THF, 100 °C, 48 h N7 ~CD; =<— 71% 2H
|
Boc Boc
ds-2a, 50%

To a 25 mL oven-dried Schlenk tube was added 1a (0.10 mmol, 33.5 mg), DMAP
(0.02 mmol, 2.4 mg) and a stir bar. The Schlenk tube was transferred into a No-filled
glovebox and added freshly distilled THF (2 mL). The tube was then removed out
from the glovebox and was added D20 (0.5 mmol, 10 uL) under N2 atomosphere. The
reaction mixture stirred at 100 <C for 48 h. The resulting mixture was concentrated
under vacuum and purified by flash column chromatography on silica gel (PE : EA =
30 : 1) to give the product ds-2a as a colorless oil (16.8 mg, 50% yield). The *H NMR
spectra of ds-2a was compared with *H NMR spectra of 2a, three deuterium atom (71%
2H) was incorporated at the 2-methyl group of the 3-aroylindole product ds-2a.
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H NMR spectrum of ds-2a

—1.714
—-0.000

0G =

T T
6 2.4 2.2

In situ 3P and 'H NMR monitoring experiments

We attempt to detect or isolate DMAP-incorporated reaction intemediate was
unsuccessful. We used in situ 3P NMR to detect the reaction intermediate with
P(4-MeO-CsHa4)3, which showed moderate catalytic reactivity in condition screening
(Table S1, entry 15). The reaction was run with 1f as substrate in the presence of 1
equivalent of acetic acid in CD3CN

NC H3C_ PR3 OAc PR3 OAc

RS .
o P HOAc (1 equiv) NC | NC

N,BOC + _ e o + o

/g CD3CN, rt J\ J\
Ph 0 l}l Ph l}l Ph
OMe Boc Boc
1f P(4-MeO-CgHy)3 A B

To an oven-dried NMR tube was added 1f (0.05 mmol, 18.0 mg), P(4-MeO-CsHa)3
(0.05 mmol, 17.6 mg), HOAc (0.05 mmol, 2.9 uL) and CDsCN (0.5 mL) in a No-filled
glovebox. The NMR tube was sealed and removed out from the glovebox. The
mixture was monitored by 3P and *H NMR. The mixture was analysed by High
Resolution MS after 12 hours. HRMS (ESI) Calcd for A [Ca3Ha2N206P]* [M-(OAC)]
713.2775, Found 713.2782.
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The NMR experiments clearly showed the addition of phosphine to central carbon
atom of allene. After mixing 1f and P(4-MeO-Cg¢Hs)z in a NMR tube, vinyl
phosphonium salt A was detected shortly in the 3P NMR monitoring experiment. The
process was also monitored by *H NMR spectroscopy. The assigned structure of A
was consistent with the *H NMR data, two doublets for methyl group (CHs, & 2.12
ppm, Jp—u = 14.4). The vinyl phosphonium A was further confirmed by High
Resolution MS analyses. We speculate that a resonance-stabilized zwitterionic
phosphonium intermediate is formed, followed by protonation with acetic acid to
generate A and B.

Hammett analysis through competition experiments

R . 0 o)
" . A Ph
By BE DMAP (20 mmol%) '
Nig + [Nig > \ + \
PY P THF (2.0 mL), 80 °C, 24 h N~ ~Me N~ ~Me
] ]
P X0 PR X0 Lo i
1b, 1c or 1g 1a 2b, 2c or 2g 2a

To a 25 mL oven-dried Schlenk tube was added 1a (0.10 mmol, 33.5 mg), 1b (0.1
mmol, 34.9 mg), DMAP (0.02 mmol, 2.4 mg) a stir bar. The Schlenk tube was
transferred into a No-filled glovebox and added freshly distilled THF (2 mL). The tube
was then removed out from the glovebox and stirred at 80 <C for 24 h. The mixture
was concentrated under vacuum. The ratio 2b/2a was determined by 'H NMR.
Similar procedure is used to determine ratios 2c/2a and 2g/2a. A plot of log(kx/kn)
obtained in the formation of 2a, 2b, 2c, 2g versus the corresponding para-position of
aniline op or meta-position of allenes om values resulted in two Hammett plots.

product R op om  product ratio (kx/kn) log(kx/Kw)
2C OMe -0.27 011 1.39/1 0.14
2b Me -0.17 -0.07 1.23/1 0.09
2a H 0 0 0 0
29 F 0.06 0.34 3.1/1 0.49
0.6
0.5 ®F
—~04
=
03
(@]
202
4 MeO
0.1 4 Me
0 *H
03 -0.2 -0.1 0 0.1

Substitution Constant op

Figure S1. Hammet plot versus op
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y=1.11x+0.07
R?=0.86 *F

-0.1 0 0.1 0.2 0.3 0.4

Substitution Constant 6,5,

Figure S2. Hammet plot versus om

Boc BOC DMAP (20 mmol%)
\
@ @ THF (2.0 mL), 80°C, 24 h

\
Boc Boc

1m, 1n,1p or 1r 2m, 1n,1por1ir 2a

To a 25 mL oven-dried Schlenk tube was added 1a (0.10 mmol, 33.5 mg), 1m (0.1
mmol, 34.9 mg), DMAP (0.02 mmol, 2.4 mg) a stir bar. The Schlenk tube was
transferred into a No-filled glovebox and added freshly distilled THF (2 mL). The tube
was then removed out from the glovebox and stirred at 80 <C for 24 h. The mixture
was concentrated under vacuum. The ratio 2m/2a was determined by 'H NMR.
Similar procedure is used to determine ratios 2n/2a, 2p/2a and 2r/2a. A plot of
log(kx/kn) obtained in the formation of 2a, 2n, 2m, 2p, 2r versus the corresponding
para-position of aroyl group op resulted in one Hammett plots.

product R op product ratio (kx/kn) log(kx/kn)
2n MeO -0.27 0.76/1 -0.12
2m Me -0.17 0.89/1 -0.05
2a H 0 0 0
2r F 0.06 0.64/1 -0.19
2p NO2 0.78 1.61/1 0.21
0.3
0.2 + NO,
0.1
= 0 ¢ H
) o1 * Me
= 4 OMe
< 0.2 *r
0304 02 o0 02 04 06 08 1

Substitution Constant o,

Figure S3. Hammet plot versus op
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As shown above, no linear relationship was observed when the plot is derived from
the para-position of aniline moiety op values or the para-position of aroyl group op
values (Figure S1 and Figure S3). However, the plot that is derived from the
meta-position of allenes om values shows a good linear relationship (Figure S2). This
positive relationship indicates that the electron-withdrawing group on the aryl ring of
aniline is capable of stabilizing negative charge of the transition state in the rate
determining step. Therefore, we think the rate determine step of this reaction may be
the addition of the DMAP to allene moiety.

Lewis base-catalyzed y-additions of sulfonamide with allenes

To gain insight into the inherent distinction between weakly activated allenes and
activated allenes bearing an electron-withdrawing group in Lewis base catalysis, we
performed experiments to compare the reactivity of different allenes though
y-addition reaction with sulfonamide (TsSNH>).

. LB Cat. (20 mol %) A
X+ TsNH, > NHTs
100 °C, THF, 48 h

9 DMAP 10, <3%
P(4-MeO-CgH,)3 10, <3%
X o X
. LB Cat. (20 mol %) NHTs
/@/\ X, TsNH, - /@/\/\
O,N 100 °C, THF, 48h N
1 DMAP 12, 5%
P(4-MeO-CgHy)3 12, 34%
\ \
3 NHT:
/©/\ N LB Cat. (20 mol %) m S
BOC\N + TSNH2 > BOC\N
/& 100 °C, THF, 48 h ,&
Ph” 0 Ph™ =0
13 DMAP 14, trace
P(4-MeO-CgHy)3 14, trace

To a 25 mL oven-dried Schlenk tube was added allene (0.10 mmol), TsNH, (0.15
mmol) and a stir bar. The Schlenk tube was transferred into a N-filled glovebox and
added Lewis base (0.02 mmol), freshly distilled THF (1 mL). The tube was then
removed out from the glovebox and stirred at 100 <T for 48 h. The resulting mixture
was concentrated under vacuum and purified by flash column chromatography on
silica gel to give yellow solid 12 or was detected by GC-MS and crude *H NMR
spectrum. The NMR data of the product 12: *H NMR (400 MHz, CDCls) § 8.13 (d, J
= 8.8 Hz, 2H), 7.79 (d, J = 8.0 Hz, 2H), 7.36 (d, J = 8.8 Hz, 2H), 7.31 (d, J = 8.0 Hz,
2H), 6.54 (d, J = 16.0 Hz, 1H), 6.23 (m, 1H), 3.80 (t, J = 6.4 Hz, 2H), 2.41 (s, 3H).
13C NMR (100 MHz, CDCl3) & 147.1, 143.7, 142.6, 136.9, 130.5, 129.8, 129.4, 127.2,
126.9, 123.9, 45.0, 21.5. The data of compound 12 are consistent with the reported
literature*
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6. Substrate Preparation

All of N-Boc-2-iodoanilines was purchased commercially or prepared by reported
literature method.®

R W-%Sn(n-Bu)s
(1.5 equiv)

| Pd,(dba)s (3 mol %)  acyl chloride (3.1 equiv) ‘R
@ B P(2-furyl)s (20 mol %) DMAP (25 mol %) N,Boc
.Boc > >
N Cul (10 mol %) Et;N (2.2 equiv) @,g
DMF, rt, 2 h DCM, 0°C-rt, 12 h o

1

The solution of N-Boc-2-iodoanilines (1.0 equiv) and allenyltributyltin (1.5 equiv) in
anhydrous DMF (0.125 M) was degassed and purged with nitrogen. Pdz(dba)s (3
mol %), P(2-furyl)s (20 mol %), and Cul (10 mol %) were added to the reaction
mixture at room temperature (rt) under argon atmosphere. The reaction mixture was
stirred at rt for 2 h, quenched by addition of 10% aqueous amonium solution and
extracted with diethyl ether. The combined extractions were washed with water, brine,
dried over anhydrous sodium sulfate and evaporated to get the residues without
further purification. Then, to a solution of the crude material in DCM (0.4 M) was
added Et3N (2.2 equiv), DMAP (25 mol %), and acyl chloride (3.1 equiv) at 0 °C. The
mixture was stirred at rt overnight. The mixture was evaporated to get the crude
product, which was purified by flash silica gel chromatography with petroleum
ether/ethyl acetate to give 1a ~ 1k.

N-Boc-N-benzoyl-2-allenylaniline (1a). According to the general procedure, 1a was
synthesized with N-Boc-2-iodoaniline (3 mmol, 957.0 mg). Purified by flash column
chromatography on silica gel (PE : EA =40 : 1) to give 1a as a light yellow solid (753.8
mg, 75% yield). *H NMR (400 MHz, CDCl3) § 7.72 (d, J = 7.6 Hz, 2H), 7.52 (dd, J =
8.8, 8.4 Hz, 2H), 7.44 (dd, J = 7.6, 7.6 Hz 2H), 7.33 (dd, J = 7.6, 7.6 Hz 1H), 7.28 —
7.25(m, 1H), 7.19 (d, J = 7.8 Hz, 1H), 6.28 (t, J = 6.8 Hz, 1H), 5.16 (d, J = 6.8 Hz, 2H),
1.23 (s, 9H). °C NMR (100 MHz, CDCls) § 210.7, 172.1, 153.0, 136.6, 136.1, 132.2,
131.5, 129.1, 128.6, 128.2, 128.1, 128.0, 127.7, 89.1, 83.5, 78.8, 27.4. HRMS (ESI):
Calcd for [C21H22NO3]" [M+H]* 336.1594, Found 336.1603.

OJ\Ph
1b
N-Boc-N-benzoyl-2-allenyl-4-methylaniline (1b). According to the general
procedure, 1b was synthesized with N-Boc-2-iodo-4-methylaniline (3.7 mmol, 1.2412
g). Purified by flash column chromatography on silica gel (PE : EA =50 : 1) to give

S26



1b as a light yellow oil (996.5 mg, 77% yield). *H NMR (400 MHz, CDClz) § 7.70 (d,
J=7.2 Hz, 2H), 7.49 (t, J = 7.2 Hz, 1H), 7.42 (dd, J = 6.8, 7.2 Hz, 2H), 7.32 (s, 1H),
7.06 (brs, 2H), 6.24 (t, J = 6.6 Hz, 1H), 5.14 (d, J = 6.8 Hz, 1H), 2.34 (s, 3H), 1.22 (s,
9H). ¥C NMR (100 MHz, CDCls) § 210.5, 172.2, 153.1, 138.4, 136.7, 133.5, 131.56,
131.4, 128.7, 128.7, 128.5, 128.1, 127.9, 89.0, 83.4, 78.8, 27.4, 21.1. HRMS (ESI):
Calcd for [C22H24NO3]" [M+H]* 350.1751, Found 350.1744.

O4A\Ph
1c

N-Boc-N-benzoyl-2-allenyl-4-methoxyaniline (1c). According to the general
procedure, 1c was synthesized with N-Boc-2-iodo-4-methoxyaniline (3.2 mmol,
1.1242 g). Purified by flash column chromatography on silica gel (PE : EA =30 : 1)
to give 1c as a yellow solid (742.6 mg, 64% yield). 'H NMR (400 MHz, CDCls) §
7.71 —7.69 (m, 2H), 7.51 (dd, J = 7.6, 7.2 Hz, 1H), 7.43 (dd, J = 7.6, 7.2 Hz, 2H),
7.10 (d, J = 8.8 Hz, 1H), 7.04 (d, J = 2.6 Hz, 1H), 6.81 (dd, J = 8.8, 2.6 Hz, 1H), 6.24
(dd, J = 6.8, 6.8 Hz, 1H), 5.17 (d, J = 6.8 Hz, 2H), 3.81 (s, 3H), 1.22 (s, 9H). 3C
NMR (100 MHz, CDCls) 6 210.5, 172.3, 159.3, 153.2, 136.7, 133.2, 131.4, 130.0,
129.0,128.1, 127.9, 113.9, 112.3, 89.2, 83.4, 79.1, 55.4, 27.4. HRMS (ESI): Calcd for
[C22H24NO4]* [M+H]* 366.1700, Found 366.1699.

Ph
T
N,Boc
O4A\Ph
1d
N-Boc-N-benzoyl-2-allenyl-4-phenylaniline  (1d). According to the general
procedure, 1d was synthesized with N-Boc-2-iodo-4-phenylaniline (0.82 mmol, 325.9
mg). Purified by flash column chromatography on silica gel (PE : EA =60 : 1) to give
1d as a white solid (193.8 mg, 57% yield).'H NMR (400 MHz, CDCl3) & 7.75 — 7.73
(m, 3H), 7.63 — 7.55 (m, 2H), 7.54 — 7.50 (m, 1H), 7.48 — 7.42 (m, 5H), 7.37 — 7.33
(m, 1H), 7.26 (dd, J = 8.0, 2.0 Hz, 1H), 6.33 (td, J = 6.8, 2.6 Hz, 1H), 5.19 (d, J = 6.4
Hz, 2H), 1.24 (s, 9H).*C NMR (100 MHz, CDCl3) § 210.7, 172.1, 153.01, 141.6,
140.4, 136.7, 135.3, 132.4, 131.6, 129.4, 128.7, 128.2, 128.0, 127.5, 127.2, 126.9,
126.6, 89.2, 83.7, 79.0, 27.4. HRMS (ESI): Calcd for [C27H26NO3]" [M+H]" 412.1907,
Found 412.1915.

Oél\Ph
1e
N-Boc-N-benzoyl-2-allenyl-4-(trifluoromethyl)aniline (1e). According to the
general procedure, le was synthesized with N-Boc-2-iodo-4-(trifluoromethyl)aniline
(2.3 mmol, 883.3 mg). Purified by flash column chromatography on silica gel (PE :
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EA =20 : 1) to give 1e as a white solid (717.2 mg, 78% vyield).'H NMR (400 MHz,
CDCI3) 6 7.79 (s, 1H), 7.73 (d, J = 7.2 Hz, 2H), 7.63 — 7.43 (m, 4H), 7.32 (d, J = 8.0
Hz, 1H), 6.28 (t, J = 6.4 Hz, 1H), 5.25 (d, J = 6.4 Hz, 2H), 1.23 (s, 9H). 3C NMR
(100 MHz, CDCl3) 6 210.8, 171.8, 152.50, 143.3, 138.9, 136.1, 133.5, 130.8 (q, J =
32.7 Hz), 130.5, 129.8, 129.0, 128.3, 128.1, 125.2 (q, J = 3.8 Hz), 123.7 (g, J = 270.9
Hz), 1243 (9, J = 3.5 Hz), 88.6, 84.2, 79.8, 27.4. HRMS (ESI): Calcd for
[C22H21F3sNOs]" [M+H]* 404.1468, Found 404.1467.

NC
R
\©::Boc
OJ\Ph
1f
N-Boc-N-benzoyl-2-allenyl-4-cyanideaniline  (1f). According to the general
procedure, 1f was synthesized with N-Boc-2-iodo-4-cyanideaniline (1.6 mmol, 559.0
mq). Purified by flash column chromatography on silica gel (PE : EA = 10 : 1) to give
1f as a white solid (362.4 mg, 63% vyield). *H NMR (400 MHz, CDCl3) & 7.84 (s, 1H),
7.72 (d, J = 7.2 Hz, 2H), 7.59-7.53 (m, 2H), 7.47 (dd, J = 6.8, 6.8 Hz, 2H), 7.30 (d, J
= 8.0 Hz, 1H), 6.24 (t, J = 6.8 Hz, 1H), 5.28 (d, J = 6.4 Hz, 2H), 1.24 (s, 9H). °C
NMR (100 MHz, CDCls) 6 210.9, 171.6, 152.2, 139.9, 135.8, 134.3, 132.1, 130.7,
130.3, 128.3, 128.1, 118.1, 112.7, 88.1, 84.5, 80.0, 27.4. HRMS (ESI): Calcd for
[C22H20N203Na]* [M+Na]* 383.1366, Found 383.1362.

F X
s
N,BOC
OJ\Ph
19
N-Boc-N-benzoyl-2-allenyl-4-fluoroaniline (1g). According to the general procedure,
1g was synthesized with N-Boc-4-fluoro-2-iodoaniline (1.6 mmol, 559.0 mg).
Purified by flash column chromatography on silica gel (PE : EA =60 : 1) to give 1g
as a yellow oil (1.1106 g, 78% yield). *H NMR (400 MHz, CDCl3) & 7.72 — 7.70 (m,
2H), 7.53 (dd, J = 7.6, 7.2 Hz, 1H), 7.44 (dd, J = 7.6, 7.2 Hz, 2H), 7.23 (dd, J = 9.6,
2.8 Hz, 1H), 7.17 (dd, J = 8.8, 5.2 Hz, 1H), 6.96 (td, J = 8.4, 2.8 Hz, 1H), 6.23 (t, J =
6.8 Hz, 1H), 5.20 (d, J = 6.8 Hz, 2H), 1.22 (s, 9H). °C NMR (100 MHz, CDCl3) §
210.6, 172.1, 162.3 (d, J = 245.6 Hz), 152.8, 136.3, 134.6 (d, J = 8.7 Hz), 131.8 (d, J
=2.5Hz), 131.7, 130.0 (d, J = 8.9 Hz), 128.2, 127.9, 114.8 (d, J = 23.1 Hz), 114.2 (d,
J = 23.9 Hz), 88.7, 83.8, 79.5, 27.3. HRMS (ESI): Calcd for [C2:H21FNO3]" [M+H]*
354.1500, Found 354.1508.

1h
N-Boc-N-benzoyl-2-allenyl-4-chloroaniline (1h). According to the general
procedure, 1h was synthesized with N-Boc-4-chloro-2-iodoaniline (2.2 mmol, 762.8
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mq). Purified by flash column chromatography on silica gel (PE : EA =50 : 1) to give
1g as a yellow oil (534.5 mg, 66% vyield). *H NMR (400 MHz, CDClz) § 7.71 (d, J =
6.0 Hz, 2H), 7.53 — 7.45 (m, 4H), 7.24 (dd, J = 8.0, 6.8 Hz, 1H), 7.12 (d, J = 8.0 Hz,
1H), 6.21 (t, J = 5.2 Hz, 1H), 5.22 (d, J = 5.2 Hz, 2H), 1.23 (s, 9H). *C NMR (100
MHz, CDCls) 6 210.7, 172.0, 152.7, 136.2, 134.4, 134.1, 131.8, 130.4, 128.2, 128.0,
127.8, 127.8, 88.4, 83.9, 79.6, 27.4. HRMS (ESI): Calcd for [C21H20CINOsNa]*
[M+Na]* 392.1024, Found 392.1017.

O%Ph

1i
N-Boc-N-benzoyl-2-allenyl-5-methylaniline  (1i). According to the general
procedure, 1i was synthesized with N-Boc-2-iodo-5-methylaniline (4.1 mmol, 1.3801
g). Purified by flash column chromatography on silica gel (PE : EA =50 : 1) to give
1i as a yellow solid (991.2 mg, 69% yield). *H NMR (400 MHz, CDCls) § 7.76 — 7.68
(m, 2H), 7.53 — 7.49 (m, 1H), 7.45 — 7.40 (m, 3H), 7.13 (d, J = 8.0 Hz, 1H), 7.00 (s,
1H), 6.23 (t, J = 6.8 Hz, 1H), 5.12 (d, J = 6.8 Hz, 2H), 2.33 (s, 3H), 1.22 (s, 9H). °C
NMR (100 MHz, CDCls) 6 210.5, 172.1, 153.0, 137.8, 136.8, 135.9, 131.5, 129.6,
1295, 129.1, 128.2, 128.0, 89.0, 83.4, 78.6, 27.4, 20.9. HRMS (ESI): Calcd for
[C22H24NOs]* [M+H]" 350.1751, Found 350.1760.

N-Boc-N-benzoyl-2-(3’-methylallenyl)aniline (1k). According to the general
procedure, 1k was synthesized with N-Boc-2-iodoaniline (3.0 mmol, 957.3 mg).
Purified by flash column chromatography on silica gel (PE : EA = 30 : 1) to give 1k
as a yellow solid (582.2 mg, 56% yield). *H NMR (400 MHz, CDCl3) 6 7.72 (d, J =
7.2 Hz, 2H), 7.53 — 7.49 (m, 2H), 7.43 (dd, J = 7.6 , 7.2 Hz, 2H), 7.31 (ddd, J = 7.2,
7.6, 0.8 Hz, 1H), 7.25—-7.21 (m, 1H), 7.16 (dd, J = 8.0, 0.8 Hz, 1H), 6.21 (dg, J = 6.0,
2.8 Hz, 1H), 5.58 — 5.51 (m, 1H), 1.77 (dd, J = 7.2, 3.2 Hz, 3H), 1.23 (s, 9H). °C
NMR (100 MHz, CDCl3) & 207.1, 172.1, 153.0, 143.3, 136.7, 136.0, 133.1, 131.5,
129.0, 128.5, 128.1, 128.0, 127.5, 89.7, 89.1, 83.4, 27.4, 13.8. HRMS (ESI): Calcd for
[C22H23NO3Na]* [M+Na]* 372.1570, Found 372.1573.

Qs
NH
S
11
N-benzoyl-2-allenylaniline (1l). According to the general procedure, 1l was
synthesized with N-benzoyl-2-iodoaniline (3.0 mmol, 969.3 mg). Purified by flash
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column chromatography on silica gel (PE : EA = 30 : 1) to give 1l as a white solid
(600.0 mg, 85% yield). *H NMR (400 MHz, CDCl3) § 8.53 (s, 1H), 8.14 (d, J = 8.0
Hz, 1H), 7.88 (d, J = 7.6 Hz, 2H), 7.56 (t, J = 7.6 Hz, 1H), 7.49 (dd, J = 6.8, 8.0 Hz,
2H), 7.32 - 7.28 (m, 2H), 7.15 (dd, J = 7.2, 6.8 Hz, 1H), 6.34 (t, J = 6.8 Hz, 1H), 5.14
(d, J = 6.8 Hz, 2H). **C NMR (100 MHz, CDCls3) § 209.9, 165.8, 135.4, 134.9, 131.8,
129.1, 128.6, 128.0, 127.2, 125.0, 124.0, 123.4, 91.2, 78.8. HRMS (ESI): Calcd for
[C16H14NO]" [M+H]* 236.1070, Found 236.1075.

N-Boc-N-(4-(methyl)benzoyl)-2-allenylaniline (1m). According to the general
procedure, 1m was synthesized with N-Boc-2-iodoaniline (3.0 mmol, 957.3 mg).
Purified by flash column chromatography on silica gel (PE : EA =50 : 1) to give 1m
as a yellow solid (650.2 mg, 62% yield). *H NMR (400 MHz, CDCls) 6 7.63 (d, J =
7.6 Hz, 2H), 7.52 (d, J = 7.6 Hz, 1H), 7.31 (dd, J = 7.6, 7.6 Hz, 1H), 7.23 — 7.22 (m,
3H), 7.16 (d, J = 7.8 Hz, 1H), 6.28 (t, J = 6.8 Hz, 1H), 5.15 (d, J = 6.8 Hz, 2H), 2.40
(s, 3H), 1.26 (s, 9H). *C NMR (100 MHz, CDCl3) § 210.6, 172.0, 153.1, 142.2, 136.3,
133.5, 132.2, 129.0, 128.8, 128.4, 128.3, 128.0, 127.7, 89.1, 83.3, 78.7, 27.5, 21.6.
HRMS (ESI): Calcd for [C22H2sNOsNa]™ [M+Na]*™ 372.1570, Found 372.1565.
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N-Boc-N-(4-(methoxyl)benzoyl)-2-allenylaniline (1n). According to the general
procedure, 1n was synthesized with N-Boc-2-iodoaniline (1.5 mmol, 0.4787g).
Purified by flash column chromatography on silica gel (PE : EA = 20 : 1) to give 1n
as a white solid (383.5 mg, 70% yield). *"H NMR (400 MHz, CDCl3) § 7.72 (d, J = 8.8
Hz, 2H), 7.52 (d, J = 7.6 Hz, 1H), 7.30 (dd, J =7.6, 7.2 Hz, 1H), 7.25 — 7.21 (m, 1H),
7.15(d, J=7.8 Hz, 1H), 6.92 (d, J = 8.8 Hz, 2H), 6.29 (t, J = 6.8 Hz, 1H), 5.15(d, J =
6.8 Hz, 2H), 3.84 (s, 3H), 1.29 (s, 9H). *C NMR (100 MHz, CDCls) § 210.6, 171.4,
162.5, 153.2, 136.4, 132.1, 130.6, 129.0, 128.3, 128.3, 128.0, 127.6, 113.4, 89.1, 83.1,
78.8, 55.4, 27.5. HRMS (ESI): Calcd for [C22H24NO4]* [M+H]" 366.1700, Found
366.1701.

X
N,Boc

/@O
MeO,C
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N-Boc-N-(4-(methoxycarbonyl)benzoyl)-2-allenylaniline (10). According to the
general procedure, 10 was synthesized with N-Boc-2-iodoaniline (3.0 mmol, 957.3
mq). Purified by flash column chromatography on silica gel (PE : EA = 20 : 1) to give
10 as a white solid (852.2 mg, 72% yield). *H NMR (400 MHz, CDCl3) § 8.12 (d, J =
8.0 Hz, 2H), 7.75 (d, J = 8.0 Hz, 2H), 7.53 (dd, J = 7.6, 7.2 Hz, 1H), 7.35 (dd, J = 8.0,
6.8 Hz, 1H), 7.29 — 7.26 (m, 1H), 7.19 (d, J = 7.6 Hz, 1H), 6.24 (t, J = 6.8 Hz, 1H),
5.17 (d, J = 6.8 Hz, 2H), 3.95 (s, 3H), 1.23 (s, 9H). 13C NMR (100 MHz, CDCl3) &
210.5, 171.23, 166.1, 152.5, 140.6, 135.5, 132.3, 132.0, 129.4, 128.9, 128.7, 128.2,
127.8, 127.6, 88.9, 84.0, 78.9, 52.4, 27.4. HRMS (ESI): Calcd for [C23H23NOsNa]*
[M+Na]* 416.1468, Found 416.1465.
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1p

N-Boc-N-(4-(nitro)benzoyl)-2-allenylaniline (1p). According to the general
procedure, 1p was synthesized with N-Boc-2-iodoaniline (3.0 mmol, 957.3 mg).
Purified by flash column chromatography on silica gel (PE : EA = 20 : 1) to give 1p
as a yellow solid (531.4 mg, 47% yield). *H NMR (400 MHz, CDCls) 6 8.30 (d, J =
8.8 Hz, 2H), 7.81 (d, J = 8.4 Hz, 2H), 7.52 (d, J = 7.6 Hz, 1H), 7.36 (dd, J = 7.6, 7.2
Hz, 1H), 7.29 (d, J = 7.6 Hz, 1H), 7.17 (d, J = 7.6 Hz, 1H), 6.21 (t, J = 6.8 Hz, 1H),
5.18 (d, J = 6.8 Hz, 2H), 1.27 (s, 9H). *C NMR (100 MHz, CDCls) & 210.7, 170.0,
152.3, 149.1, 142.4, 135.3, 132.1, 129.0, 128.9, 128.5, 128.4, 127.9, 123.4, 89.0, 84 .4,
78.8, 27.5. HRMS (ESI): Calcd for [C21H20N20sNa]* [M+Na]* 403.1264, Found
403.1273.

N-Boc-N-(4-(trifluoromethyl)benzoyl)-2-allenylaniline (1qg). According to the
general procedure, 1gq was synthesized with N-Boc-2-iodoaniline (3.0 mmol, 957.3
mg). Purified by flash column chromatography on silica gel (PE : EA =50 : 1) to give
1q as a yellow oil (496.9 mg, 39% yield). *H NMR (400 MHz, CDCl3) § 7.79 (d, J =
8.0 Hz, 2H), 7.70 (d, J = 8.0 Hz, 2H), 7.52 (d, J = 8.0 Hz, 1H), 7.34 (dd, J = 7.6, 7.2
Hz, 1H), 7.26 (dd, J = 8.0, 8.0 Hz, 1H), 7.17 (d, J = 7.8 Hz, 1H), 6.23 (t, J = 6.8 Hz,
1H), 5.16 (d, J = 6.8 Hz, 2H), 1.25 (s, 9H). *°C NMR (100 MHz, CDCl3) & 210.6,
170.8, 152.5, 140.0, 135.6, 132.8 (q, J = 32.8 Hz), 132.1, 129.0, 128.8, 128.3, 128.0,
127.8, 125.2 (g, J = 3.2 Hz), 123.6 (q, J = 271 Hz), 89.0, 84.1, 78.8, 27.4. HRMS
(ESI): Calcd for [C22H20F3sNOsNa]* [M+Na]*" 426.1287, Found 426.1267.
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1r

N-Boc-N-(4-(fluoro)benzoyl)-2-allenylaniline (1r). According to the general
procedure, 1r was synthesized with N-Boc-2-iodoaniline (3.0 mmol, 957.3 mg).
Purified by flash column chromatography on silica gel (PE : EA = 30 : 1) to give 1r
as a white solid (900.5 mg, 85% yield). *H NMR (400 MHz, CDCl3) § 7.79 — 7.70 (m,
2H), 7.52 (d, J = 7.6 Hz, 1H), 7.32 (ddd, J = 7.6, 8.0, 1.6 Hz, 1H), 7.24 (ddd, J = 7.6,
7.6, 1.2 Hz, 1H), 7.16 — 7.07 (m, 3H), 6.25 (t, J = 6.8 Hz, 1H), 5.15 (d, J = 6.8 Hz,
2H), 1.28 (s, 9H). 1*C NMR (100 MHz, CDCls) § 210.6, 170.8, 164.6 (d, J = 251,4),
152.9, 136.0, 132.5 (d, J = 2.5), 132.1, 130.5 (d, J = 8.9), 129.0, 128.6, 128.1, 127.7,
115.3 (d, J = 22.0), 89.0, 83.6, 78.8, 27.5. HRMS (ESI): Calcd for [C21H20FNOsNa]*
[M+Na]" 376.1319, Found 376.1318.

N-Boc-N-(4-(bromo)benzoyl)-2-allenylaniline (1s). According to the general
procedure, 1s was synthesized with N-Boc-2-iodoaniline (3.0 mmol, 957.3 mg).
Purified by flash column chromatography on silica gel (PE : EA =30 : 1) to give 1s as
a yellow solid (548.3 mg, 44% yield). *H NMR (400 MHz, CDCls) § 7.60 — 7.54 (m,
4H), 7.50 (d, J = 7.6 Hz, 1H), 7.31 (dd, J = 7.6, 7.6 Hz, 1H), 7.23 (dd, J = 8.0, 8.0 Hz,
1H), 7.14 (d, J = 8.0 Hz, 1H), 6.23 (t, J = 6.8 Hz, 1H), 5.14 (d, J = 6.8 Hz, 2H), 1.26
(s, 9H). ¥C NMR (100 MHz, CDCl3) & 210.52, 170.95, 152.66, 135.78, 135.20,
132.00, 131.33, 129.50, 128.88, 128.58, 128.09, 127.67, 126.04, 88.96, 83.70, 78.78,
27.40. HRMS (ESI): Calcd for [CaiH20BrNOsNa]®™ [M+Na]* 436.0519, Found
436.0515.

X
N,Boc

Br\@o
1t
N-Boc-N-(3-(bromo)benzoyl)-2-allenylaniline  (1t). According to the general
procedure, 1t was synthesized with N-Boc-2-iodoaniline (3.0 mmol, 957.3 mg).
Purified by flash column chromatography on silica gel (PE : EA =30 : 1) to give 1t as
a yellow solid (910.2 mg, 73% vyield). *H NMR (400 MHz, CDCl3) & 7.83 — 7.78 (m,
1H), 7.65 — 7.62 (m, 2H), 7.53 (d, J = 7.6 Hz, 1H), 7.37 — 7.32 (m, 2H), 7.30 — 7.28
(m, 1H), 7.19 — 7.17 (m, 1H), 6.24 — 6.20 (m, 1H), 5.17 (d, J = 6.8 Hz, 2H), 1.26 (s,
9H). 3C NMR (100 MHz, CDCls) § 210.7, 170.4, 152.6, 138.5, 135.8, 134.3, 132.2,
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130.9, 129.8, 129.0, 128.8, 128.3, 127.8, 126.4, 122.1, 89.1, 84.0, 78.8, 27.5. HRMS
(ESI): Calcd for [C21H20BrNO3sNa]* [M+Na]* 436.0519, Found 436.0529.

1u

N-Boc-N-(2-(chloro)benzoyl)-2-allenylaniline (1u). According to the general
procedure, 1u was synthesized with N-Boc-2-iodoaniline (3.0 mmol, 957.3 mg).
Purified by flash column chromatography on silica gel (PE : EA = 30 : 1) to give 1u
as a yellow solid (814.7 mg, 73% yield). *H NMR (400 MHz, CDCls) § 7.52 (d, J =
7.6 Hz, 1H), 7.48 — 7.46 (m, 1H), 7.40 (d, J = 7.2 Hz, 1H), 7.38 — 7.33 (m, 3H), 7.32
—7.28 (m, 2H), 6.26 (t, J = 6.8 Hz, 1H), 5.16 (d, J = 6.8 Hz, 2H), 1.21 (s, 9H). *C
NMR (100 MHz, CDCls) 6 210.6, 169.0, 151.5, 137.5, 135.4, 131.9, 130.6, 130.0,
129.3, 128.9, 128.7, 128.3, 128.1, 127.8, 126.9, 89.2, 83.8, 78.6, 27.3. HRMS (ESI):
Calcd for [C21H21CINO3]" [M+H]* 370.1204, Found 370.1211.
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1v

N-Boc-N-(2-naphthoyl)-2-allenylaniline (1v). According to the general procedure,
1v was synthesized with N-Boc-2-iodoaniline (3.2 mmol, 1.0211g). Purified by flash
column chromatography on silica gel (PE : EA =30 : 1) to give 1v as a yellow solid
(742.2 mg, 60% yield). *H NMR (400 MHz, CDCls) § 8.26 (s, 1H), 7.96 — 7.83 (m,
3H), 7.77 (d, J = 8.2 Hz, 1H), 7.55 — 7.52 (m, 3H), 7.33 — 7.32 (m, 1H), 7.29 — 7.24
(m, 2H), 6.34 (t, J = 6.4 Hz, 1H), 5.17 (d, J = 6.4 Hz, 2H), 1.18 (s, 9H). 3C NMR
(100 MHz, CDCl3) & 210.7, 172.0, 153.1, 136.2, 134.7, 133.7, 132.4, 132.3, 129.1,
128.9, 128.8, 128.6, 128.2, 127.9, 127.8, 127.8, 127.7, 126.8, 124.6, 89.2, 83.5, 78.8,
27.4. HRMS (ESI): Calcd for [C2sH24NOs]* [M+H]* 386.1751, Found 386.1761.

X
N,Boc

O
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1w
N-Boc-N-(furan-2-carbonyl)-2-allenylaniline (1w). According to the general
procedure, 1w was synthesized with N-Boc-2-iodoaniline (3.2 mmol, 1.0211g).
Purified by flash column chromatography on silica gel (PE : EA = 20 : 1) to give 1w
as a yellow solid (536.7 mg, 52% vyield).*H NMR (400 MHz, CDCls3) § 7.54 — 7.52
(m, 2H), 7.33 (dd, J = 7.2, 6.4 Hz, 1H), 7.26 — 7.22 (m, 2H), 7.19 (d, J = 6.8 Hz, 1H),
6.97 (brs, 1H), 6.50 (brs, 1H), 6.31 (t, J = 5.6 Hz, 1H), 5.14 (d, J = 5.6 Hz, 2H), 1.37

O
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(s, 9H). 3C NMR (100 MHz, CDCls) & 210.6, 160.7, 152.4, 148.0, 144.9, 135.4,
132.3, 129.3, 128.7, 127.9, 127.6, 117.8, 112.2, 88.9, 83.3, 78.8, 27.5. HRMS (ESI):
Calcd for [C19H19NO4Na]* [M+Na]* 348.1206, Found 348.1200.

A
B
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1x

N-Boc-N-(thiophene-2-carbonyl)-2-allenylaniline (1x). According to the general
procedure, 1x was synthesized with N-Boc-2-iodoaniline (3.0 mmol, 957.3 mg).
Purified by flash column chromatography on silica gel (PE : EA = 20 : 1) to give 1x
as a yellow solid (773.0 mg, 75% yield). *H NMR (400 MHz, CDCls) & 7.52 — 7.50
(m, 2H), 7.44 (dd, J = 3.6, 0.8 Hz, 1H), & 7.35 — 7.30 (m, 1H), 7.25 — 7.15 (m, 1H),
7.00 — 6.98 (m, 2H), 6.31 (t, J = 6.8 Hz, 1H), 5.14 (d, J = 6.8 Hz, 2H), 1.39 (s, 9H).
13C NMR (100 MHz, CDCl3) § 210.7, 164.2, 152. 8, 138.5, 136.2, 133.0, 132.6, 132.4,
129.4, 128.8, 128.1, 127.7, 127.1, 89.1, 83.5, 78.8, 27.7. HRMS (ESI): Calcd for
[C19H20NO3S]* [M+H]" 342.1158, Found 342.1153.

O
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N-Boc-N-benzoyl-4-allenylaniline (13) To a solution of N-Boc-4-iodoaniline (3.0
mmol, 957.3 mg) in dry THF (9 mL) was added sodium hydride (4.5 mmol, 60% in
mineral iol, 180 mg) at 0 <C under N, atomosphere. After being stirred at the same
temperature for 10 min, acyl chloride (3.6 mmol, 506.0 mg) was added at —78 °C.
After being stirred at the same temperature for 1 h, the reaction mixture was quenched
with 1 M aqueous HCI at 0 <C. The organic layer was separated, and the aqueous
layer was extracted with ethyl acetate. The combined organic layers were washed
with saturated aqueous NaHCO3 and brine, dried over anhydrous sodium sulfate and
evaporated to get the residues without further purification. Then, to a solution of the
crude material and allenyltributyltin (9.0 mmol, 1.4805 g) in anhydrous DMF (0.125
M) was degassed and purged with nitrogen. Pd(PPhs)s (5 mol %, 173.3 mg), LiCI(9.0
mmol, 381.6 mg) were added to the reaction mixture at room temperature (rt) under
N2 atmosphere. The reaction mixture was stirred at 80 °C for 2 h, added water and
extracted with diethyl ether. The combined extractions were washed with brine, dried
over anhydrous sodium sulfate and evaporated to get the residues, which was purified
by flash silica gel chromatography on silica gel (PE : EA = 40 : 1) to give 13 as a
white solid (654.0 mg, 65% yield). *H NMR (400 MHz, CDClz) § 7.72 (d, J = 7.2 Hz,
2H), 7.51 (dd, J = 7.2 Hz, 1H), 7.43 (dd, J = 7.6 Hz, 2H), 7.33 (d, J = 8.4 Hz, 2H),
7.19 (d, J = 8.4 Hz, 2H), 6.17 (t, J = 6.8 Hz, 1H), 5.16 (d, J = 6.8 Hz, 2H), 1.23 (s,
9H). 3C NMR (100 MHz, CDCls) § 210.1, 172.7, 153.2, 137.6, 136.9, 133.6, 131.7,

S34



128.2, 128.1, 128.0, 127.4, 93.4, 83.5, 78.9, 27.46. HRMS (ESI): Calcd for
[C21H22NO3]* [M+H]" 336.1594, Found 336.1599.

7. DFT Studies

Computational methods

DFT calculations were performed with Gaussian 09.° The hybrid-meta GGA
functional M06-2X" with 6-31+G(d,p) was employed for optimizing the geometries of
minima and transition states. The SMD?8 implicit solvation model was used to account
for solvation effects of tetrahydrofuran (THF). Pruned integration grids with 99 radial
shells and 590 angular points per shell were used. Unscaled harmonic frequency
calculations at the same level were performed to validate each structure as either a
minimum or a transition state and to evaluate its zero-point energy and thermal
corrections at 298 K. Quasiharmonic corrections were applied during the entropy
calculations by setting all positive frequencies that are less than 100 cm™ to 100
cm 1.2 On the basis of the optimized structures, single-point energies were computed
at the SMD(THF)-M06-2X/6-311+G(d,p) level. All discussed energy differences
were based on Gibbs energies in THF at 298 K. Standard states for solutes in THF
solution are the hypothetical states at 1 mol/L.

For [1,3]-proton transfer assisted by water, the activation energy is 19.3 kcal/mol,
which is higher than intramolecular [1,4]-proton transfer to NBoc anion pathway
(11.5 kcal/mol, TS4) and [1,4]-proton transfer pathway assisted by water (11.3
kcal/mol, TS8). From INT3 to INT5, both a direct [1,3]-proton transfer and a
[1,3]-proton transfer assisted by water are quite difficult (Figure S4).

ph H

o= H--Q
’ /H
AG N “DMAPY]
i |
in kcal/mol. Boc
TS10

(0]
ph—4/ INT3 Ox_Ph
‘% +
; [DMAP™] . . [DMAP]
= INT5
N -
! NH
Boc )
Boc

Figure S4 [1,3]-Proton transfer assisted by water. Computed at the
SMD(THF)-M06-2X/6-311+G(d,p)//SMD(THF)-M06-2X/6-31+G(d,p) level.
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For INT3 and INT4, the protonations are thermodynamically disfavored. As a
result, the proton transfer processes can’t be stepwise assisted by a trace amount of
water in THF.

[DMAP*]

AG = 38.0 kcal/mol> + OH

INT3NH

- A\ H
AG = 39.8 kcal/mol> \ [DMAP*] + OH-

:,l,

N

Boc 1
INT3 INT3CH
Os_Ph Ox-FP
X [DMAPY] H,0 AG =433 kcal/mol X [DMAP*] |, on-
NH NH ~H
Boc Boc
INT4 INT4CH

Figure S5 Direct protonations of INT3 and INT4 by water. Computed at the
SMD(THF)-M06-2X/6-311+G(d,p)//SMD(THF)-M06-2X/6-31+G(d,p) level.

Computed Energies for the Stationary Points

Table S2. Thermal corrections to Gibbs energies (TCGs), single-point energies (SPES)
and Gibbs energies.

TCGs SPEs Gibbs Energies
DMAP 0.130507 -382.2009522 -382.0704452
la 0.325192 -1093.154545 -1092.829353
2a 0.33007 -1093.215651 -1092.885581
DMAP 0.130507 -382.2009522 -382.0704452
INT1 0.484128 -1475.356339 -1474.872211
INT2 0.487143 -1475.370419 -1474.883276
INT2p 0.487296 -1475.356876 -1474.86958
INT3 0.485928 -1475.371675 -1474.885747
INT4 0.485848 -1475.383244 -1474.897396
INTS 0.484584 -1475.373198 -1474.888614
INT6 0.487865 -1475.404116 -1474.916251
INT7 0.26319 -729.8538213 -729.5906313
INT8 0.18473 -498.8202191 -498.6354891
INT9 0.225583 -726.716443 -726.49086
INT3NH 0.499234 -1475.854563 -1475.355329
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INT3CH 0.502465 -1475.854983 -1475.352518
INT4ACH 0.499485 -1475.858081 -1475.358596
H20 0.003691 -76.42793912 -76.42424812
OH- -0.007476 -75.88655743 -75.89403343
9 0.106196 -347.6566987 -347.5505027
15 0.031385 -116.6313454 -116.5999604
16 0.06871 -344.4984305 -344.4297205
TS1 0.480242 -1475.331947 -1474.851705
TS2 0.484262 -1475.346403 -1474.862141
TS2p 0.484868 -1475.338961 -1474.854093
TS3p 0.486494 -1475.351214 -1474.86472
TS4 0.480876 -1475.348412 -1474.867536
TS5 0.480759 -1475.349087 -1474.868328
TS6 0.484597 -1475.350997 -1474.8664
TS7 0.486008 -1475.392964 -1474.906956
TS8 0.50438 -1551.793433 -1551.289053
TS9 0.502069 -1551.780224 -1551.278155
TS10 0.504952 -1551.779012 -1551.27406
TS11 0.260069 -729.8331294 -729.5730604
TS12 0.182419 -498.8007631 -498.6183441
TS13 0.222066 -726.6839372 -726.4618712
TS-1,3 0.481567 -1475.300561 -1474.818994
TS-L 0.480815 -1475.342155 -1474.86134
Cartesian coordinates for the stationary points
DMAP H -2.004189 1.864804 0.888371
C 0.564421 1.200065 -0.008470 H -2.068942 1.844956 -0.890092
C 1.948933 1.134147 -0.010763 H -3.339315 1.049767 0.058886
N 2.664204 0.000044 -0.001931 la
C 1.948948 -1.134056 0.009062 C 4.937423 -0.649297 -0.667959
C 0.564440 -1.199939 0.011421 C 4.113742 -1.434143 -1.474178
C -0.186863 0.000079 0.003400 C 2.730963 -1.348619 -1.329806
N -1.546063 -0.000062 0.006841 C 2.179884 -0.503195 -0.373926
C -2.270620 -1.258598 -0.020207 C 2.991493 0.272222 0.467926
C -2.271159 1.258393 0.014802 C 4.378756 0.197667 0.285322
H 0.082842 2.169917 -0.019311 N 0.746541 -0.411788 -0.285379
H 2.520696 2.059863 -0.021335 C 0.069228 -1.425443 0.413243
H 2.520735 -2.059783 0.016975 0 0.683840 -2.187284 1.134579
H 0.082819 -2.169774 0.022671 C 2.463777 1.171073 1.517916
H -2.062488 -1.860346 0.872994 C 1.343709 1.009606 2.188585
H -3.339151 -1.049893 -0.053148 C 0.250066 0.839404 2.881972
H -2.008598 -1.849932 -0.905851 0 -0.956752 1.052299 -0.077696
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