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Palladium-Catalyzed Intramolecular Decarboxylative Allylic
Amination of Aroyloxycarbamates

Li, Xiaoying Li, Peihe Wang, Zheng Fu, Hui Dai, Qipu*
(Beijing Key Laboratory of Photoelectronic/Electrophotonic, Key Laboratory of Cluster Science of Ministry of Education,
School of Chemistry and Chemical Engineering, Beijing Institute of Technology, Beijing 100081)

Abstract Allylamine compounds are one of the important compounds in organic synthetic chemistry and pharmaceutical
chemistry, the synthetic methods of which are concerned. Using aroyloxycarbamates as start material, which was prepared in
situ by cheap and easy-available carboxylic acid and hydroxylamine, allylamine compounds were synthesized by
decarboxylation in one step. The reaction conditions are mild and the substrate is generally applicable. Moreover, the reaction

realized the synthesis of indole.
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1 Introduction

As a valuable building block in chemistry, allylamines
widely exist in active natural products, so many elegant
methods have been developed for the synthesis of allyla-
mines.[!! In general, the allylamines were synthesized
through the nucleophilic allylic substitution reaction em-
ploying allyl alcohols, allyl halides, acetates and carbonates
as the electrophilic reagents.!?! For instance, palladium,!
gold,™ iridium,® nickle,'® oxovanadium! and iron!® have
been reported being employed as catalysts for the nucleo-
philic allylic substitution reaction (Scheme 1, a). What’s
more, metal-catalyzed reductive coupling of dienes, allenes
with amines is an efficient synthetic method for allyla-
mine.”! (Scheme 1, b). Despite of the above-mentioned
advances, an intramolecular decarboxylation method was
employed for the direct synthesis of allylic amines'”
(Scheme 1, c). A palladium-catalyzed cross-coupling reac-
tion is the most powerful tool for the formation of carbon-
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carbon!'!! and carbon-heteroatom bonds.['”) Although there
are so many ways to obtain allylamines, there is no method
to synthesize allylamines from carboxylic acid. Based on a
long-time development of intramolecular decarboxylation
coupling in our laboratory, ! we proposed an alternative,
cheap, stable and environment-friendly carboxylic acids
and hydroxylamine as raw materials to synthesize
aroyloxycarbamates. Allylamines were obtained in one pot
by palladium-catalyzed intramolecular decarboxylation
process with two molecules of CO; releasing (Scheme 1, d).

2 Results and discussion

The optimization of the reaction was carried out using
allyl ((2-methylbenzoyl)oxy)carbamate (1a) as the model
substrate. Based on our previous study, we got Cs,COs as
the optimal base. As shown in Table 1, after screening dif-
ferent catalysts, such as [Ir(cod)Cl],, Pd(OAc),, PA(TFA),
and PdCl, with the Xantphos ligand or Pd(DPPF)Cl,e
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Scheme 1 Overview of synthetic allylamines

Table 1 Optimization of the reaction conditions”

i Catalyst/ligand, solvent H
RAO/NTO\/\ N: CsngO3, 200, RN
1a © R =2-MeCgH, 2a
Entry Catalyst Ligand  Solvent  7/C Yield®/%

1 [Ir(cod)Cl]z XantPhos MeCN 80 17
2 Pd(OAc): XantPhos MeCN 80 43
3 Pd(TFA): XantPhos MeCN 80 69
4 PdCh XantPhos MeCN 80 80
5 Pd(DPPF)CL*CH2Cl. MeCN 80 21
6 PdClh L1  MeCN 80 12

7 PdCl L2  MeCN 80 Trace
8 PdCl: XantPhos Hexane 80 49
9 PdCL: XantPhos Toluene 80 52
10 PdCl: XantPhos THF 80 64
11 PdCl: XantPhos DMF 80 75
12 PdCl XantPhos MeCN 100 65
13 PdCl XantPhos MeCN 90 70
14 PdCl: XantPhos MeCN 70 65
15 PdCh XantPhos MeCN 60 62

4Reaction conditions: 1a (0.20 mmol), base (0.20 mmol) in MeCN (2.0 mL) at
80 C until 1a was fully consumed (monitored by TLC) to get intermediate.
Then the reaction mixture was filtrated and transferred to a nitrogen-filled
Schlenk tube, then catalyst (2.5 mmol%) and ligand (5.0 mmol%) were added.
The reaction mixture was stirred at ¢ C until intermediate was fully con-
sumed (monitored by TLC) to get 2a. ® Unless otherwise noted, the yields were
determined by GC analysis using biphenyl as internal standard. L1 =
1,10-phenanthroline, L2 =tri-tert-butyl phosphine tetrafluoroborate.
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CHCl,, the PdCl, was selected as the efficient catalyst
(Table 1, Entries 1~5). And the screening result of differ-
ent phosphine and nitrogen ligands, such as Xantphos,
1,10-phenanthroline (L1), tri-fert-butyl phosphine tetra-
fluoroborate (L2), showed that Xantphos provided the best
result (Table 1, Entries 4, 6, 7). Screening of solvent (Table
1, Entries 4, 8~11) and temperature (Table 1, Entries 4,
12~15) showed that MeCN and 80 ‘C were most suitable
for this reaction. Thus, the highlighted condition in Entry 4
in Table 1 was selected as the optimal condition to explore
the generality of this transformation.

With the optimum reaction conditions in hand, the scope
of the reaction was investigated. As shown in Table 2, many
functional groups, such as nitro (2h, 2i, 2k, 20), alkoxy (2b,
2j) and halide groups (2d, 2e, 2f, 21, 2m, 2n, 20, 2p, 2q, 2r
and 2s) were applicable to this reaction. ortho-Substituted
allyl carbamates (2b) gave higher yield than that of pa-
ra-substituted (2j). The yields of electron-donating groups
were higher than those of the electron-withdrawing groups
(2a, 2b, 2d, 2e, 2f, 2g). To further investigate the property
of the decarboxylation coupling reaction, different sub-
strates were explored. As shown in Table 3, all of them had
good yields. Compounds 1aa, 1ae, 1af, 1ag and 1ah reacted
smoothly and converted to the corresponding product in
moderate yields. Introduction of a methyl group at the
a-position of the aroyloxycarbamates (1ad) got product in
63% yield. In 2010, Floch group!* reported that the intro-
duction of a methyl group at the S-position leaded a mixture
of Sx2 and S\2' products in a 1 : 1 ratio such as lac. The
reaction systems of 1aa, 1ad~1ah were detected by NMR,
and almost only one product of attack mode was obtained.

To evaluate the practical potential of this novel method
on a large scale, 5.0 mmol of allyl ((2-methylbenzoyl)-
oxy)carbamate (1a) was used to perform the decarboxyla-
tive allylic amination, and the product 2a was obtained in
75% yield (Scheme 2, a).

The potential utility of decarboxylation coupling reaction
was tested. Indoles with carbon substituents in the 3-posi-
tion are of pivotal importance in central-nervous-system
(CNS) drugs, particularly for antipsychotics.['! Although
many indole syntheses are known, another truly general
approach has yet to be discovered. Herein, we designed a
route to synthesize 3-substituted indole from N-allyl-2-
bromoaniline as shown in (Scheme 2, b), and the target
product was obtained in 72% yield.

According to the proposed possible mechanism, in the
presence of base, the proton was removed from nitrogen
atom with the formation of intermediate I'V. Then, the in-
termediate II was obtained via intramolecular nucleophilic
reaction. Subsequently, the intermediate III was formed
after the 1,3-migration and rearrangement. Simultaneously,
the dioxide carbon was released. At last, the intermediate
product IV was generated.') Then, the external nucleo-
philic B attack of A occurs with concomitant decarboxyla-
tion to afford the product and regenerated Pd(0) (Scheme
3).1100]
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Table 2 Substrate scope”

i H o PdCly/Xantphos, MeCN H
- N
RTOTT T TR, Cs,005 200, L RTINS
o)
1 2
H H
N H\/\ N\/\ H N\/\
o o @ L™ -
OMe H F Br .
2a, 6 h, 80% 2b, 10 h, 80% 2¢, 12 h, 40% 2d. 12 h, 48% 2e, 4.5 h, 68%
H H H H
H N R R
N X X
S o
NO MeO
I CF, 2 NO,
2f, 0.5h, 31% 2g, 12 h, 62% 2h, 12 h, 48% 2i, 12 h, 50% 2j, 12 h, 37%
H H
N NG H H H
O QT ol o o0
Br
ON cl Br F Br O,N Br
2k, 9 h, 51% 21, 1h,67% 2m, 1 h, 68% 2n, 1h, 74% 20, 1h, 44%
H MeO H ¢]] H F H
oY ey e e
Br Br Br Br
2p, 1h, 79% 2q, 1 h, 79% 2r,1h, 71% 2s, 1h, 76%

4Reaction conditions: 1 (0.70 mmol), Cs,CO5 (0.7 mmol) in MeCN (3 mL) at 80 C until the starting material was fully consumed (monitored by TLC) to get in-
termediate. Then the reaction mixture was filtrated and transferred to a nitrogen-filled Schlenk tube, then PdCl, (2.5 mmol%) and XantPhos (5.0 mmol%) were add-
ed. The reaction mixture was stirred at 80 ‘C (or higher temperature) until intermediate was fully consumed (monitored by TLC) to get product.

Table 3 Substrate scope”

0
. o__Rr R
0~ °N T PdCl,/Xantphos, MeCN HN
H
R/\)\Ra o N,, Cs,CO3, -2CO, R1\)\R3
R2 R2
1aa ~ 1ah 2aa ~ 2ah
H N N N N
A ~ A ~
©/\N\/\/Ph @ W/\ . @L ©/\ W/\ . @
2ab 2ac 2ab 2ac
2aa, 1 h, 86% 6 h, 45% (ratio = 1:1) 5h, 86% (ratio = 1:1)
R =2-MeCgH,, R'=Ph,R?=R%=H R = 2-MeCgHy, R® = Me, R' = R2 = H R = 2-MeCgH,, R = Me, R2=R3 = H
H H H
@(N [IN\/\/F’h Meo\©:N\/\/Ph
OMe Br
2ad, 4 h, 63% 2ae, 4 h, 83%b 2af, 8 h, 75%"
R = 2-MeCgH,, R2=Me, R'=R®=H R = 2-OMeCgH,, R = Ph, R2=R3=H R = 2-Br,5-OMeCgH3, R' =Ph, R2=R3=H
N H
@EN\/\/ Ph CI\©:N\/\/Ph
Br Br
2ag, 2 h, 74%" 2ah, 6 h, 68%"
R=2-BrCeHy, R = Ph, R=R°=H R = 2-Br,5-CICgHs, R' = Ph, R2 = R® = H

4Reaction conditions: 1 (0.70 mmol), Cs,COs (0.7 mmol) in MeCN (3 mL) at 80 C until the starting material was fully consumed (monitored by TLC) to get in-
termediate. Then the reaction mixture was filtrated and transferred to a nitrogen-filled Schlenk tube, then PdCl, (2.5 mmol%) and XantPhos (5.0 mmol%) were add-
ed. The reaction mixture was stirred at 80 ‘C (or higher temperature) until intermediate was fully consumed (monitored by TLC) to get product. 2100 C.
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Scheme 3 Mechanism for allylamines

3 Conclusions

In conclusion, an efficient synthesis of allylic amines via
palladium-catalyzed allylic amination that works through
decarboxylation coupling of aroyloxycarbamates, which
generated in situ from inexpensive, readily available and
nontoxic carboxylic acids and hydroxylamine, was newly
developed. This reaction enables reliable access to a broad
range of functional allylic amines. Furthermore, the prod-
ucts can be easily transformed into 3-methyl-indole that
possess great potential in drug discovery. It is believed that
this new method will possess wide application in organic
synthesis and medicinal chemistry.
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4 Experimental section

4.1 Instruments and reagents

'H NMR spectra were recorded on a Bruker 400 MHz
NMR spectrometer. '3C NMR spectra were recorded on a
101 MHz NMR spectrometer. IR spectra were obtained on
a Bruker AIPHA FT-IR spectrometer. Melting points were
determined using an X-4 apparatus and uncorrected. GC
analyses were performed on a Shimadzu GC-2014 gas
chromatograpy equipped with a capillary column (HP-5 30
mX0.25 pum) using a flame ionization detector. HRMS
was performed on a TOF LC-MS in ESI mode. HPLC
analyses were performed using a Shimadzu SPD-20A high

Chin. J. Org. Chem. 2021, 41, 3089~3096
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performance liquid chromatography. Rotation polarity:
Kriiss P8000. For product purification by flash column
chromatography, silica gel (200~300 mesh) was used. All
commercially available reagents were used without further
purification. All solvents were purified and dried according
to standard methods prior to use.

4.2 General procedure for the synthesis of allyla-
mines

To a dried glass bottle (5 mL) were added allyl ether (0.7
mmol, 1.0 equiv.), Cs;CO; (0.7 mmol, 1.0 equiv.) and ac-
etonitrile (3 mL). The reaction mixture was allowed to heat
at 80 ‘C until 1a was fully consumed (monitored by TLC) to
get intermediate. Then the reaction mixture was filtrated
and transferred to a nitrogen-filled Schlenk tube (10 mL),
then PdCL, (2.5 mol%) and Xantphos (5.0 mol%) were
added.'” The reaction mixture was stirred at 80 ‘C (or
higher temperature) until intermediate was fully consumed
[monitored by thin layer chromatography (TLC)] to get 2a.
Then the reaction mixture was filtrated and purified care-
fully by flash chromatography (Hexane/EtOAc, V @ V=
100 : 1) to provide N-allyl-2-methylaniline (2a),'8 Oil
(0.082 g, 80% yield). Rr=0.25 (Hexane/EtOAc, V © V=
100 : 1, add 1% Et:N); 'H NMR (400 MHz, CDCls) 6:
7.16~7.05 (m, 2H), 6.72~6.60 (m, 2H), 5.98~6.02 (m,
1H), 5.31 (dd, J/=17.2, 1.5 Hz, 1H), 5.19 (dd, /=10.3, 1.3
Hz, 1H), 3.84 (d, J=4.6 Hz, 2H), 3.63 (s, 1H), 2.17 (s, 3H);
3BC NMR (101 MHz, CDCl3) é6: 145.93, 135.56, 130.05,
127.07,121.95, 117.09, 116.18, 110.01, 46.49, 17.43.

N-Allyl-2-methoxyaniline (2b):'8 Oil (0.091 g, 80%
yield). Rr=0.5 (Hexane/EtOAc, V' : V=280 . 1, add 1%
Et;N); "H NMR (400 MHz, CDCl5) 4: 6.86 (dd, J=7.6, 1.3
Hz, 1H), 6.79 (dd, J=7.9, 1.2 Hz, 1H), 6.69 (dd, /=7.7, 1.4
Hz, 1H), 6.62 (dd, /=7.8, 1.4 Hz, 1H), 6.05~5.94 (m, 1H),
5.34~5.26 (m, 1H), 5.16~5.19 (m, 1H), 4.37 (s, 1H), 3.86
(s, 3H), 3.81 (d, J=4.9 Hz, 2H); C NMR (101 MHz,
CDCl;) o: 146.84, 138.00, 135.57, 121.22, 116.56, 116.01,
110.15, 109.42, 55.40, 46.28.

N-Allylaniline (2¢):1'1 Oil (0.037 g, 40% yield). Rg=0.3
(Hexane/EtOAc, ¥ : V=100 : 1, add 1% Et;:N); 'H NMR
(400 MHz, CDCls) d: 7.18 (t, J=7.9 Hz, 2H), 6.72 (t, J=
7.3 Hz, 1H), 6.63 (d, J/=7.8 Hz, 2H), 5.93~6.00 (m, 1H),
5.29 (dd, J=17.2, 1.0 Hz, 1H), 5.17 (d, J/=10.3 Hz, 1H),
3.78 (d, J=5.1 Hz, 2H); 3C NMR (101 MHz, CDCl5) é:
148.02, 135.43, 129.18, 117.49, 116.18, 112.95, 46.52.

N-Allyl-2-fluoroaniline (2d):?% Oil (0.049 g, 46% yield).
Rr=0.3 (Hexane, add 1% EtN); 'H NMR (400 MHz,
CDCl;) d: 7.03~6.92 (m, 2H), 6.73~6.58 (m, 2H), 5.96~
6.01 (m, 1H), 5.36~5.26 (m, 1H), 5.23~5.13 (m, 1H), 4.05
(s, 1H), 3.81 (dd, J=11.6, 6.2 Hz, 2H); '*C NMR (101
MHz, CDCl;3) 0: 152.77 (s), 150.40 (s), 136.44 (s), 135.00
(s), 124.52 (d, J/=3.5 Hz), 116.72 (d, J/=7.0 Hz), 116.41
(s), 114.38 (d, /=18.4 Hz), 112.36 (d, J=3.3 Hz), 46.09
(s); "FNMR (377 MHz, CDCl3) §: —122.72 (s), —136.68
(s).

N-Allyl-2-bromoaniline (2¢):2'1 Oil (0.101 g, 46% yield).
Rr=0.3 (Hexane, add 1% EtN); 'H NMR (400 MHz,
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CDCLy) 6: 7.43 (dd, J=7.9, 1.5 Hz, 1H), 7.21~7.11 (m,
1H), 6.68~6.52 (m, 2H), 5.93~5.97 (m, 1H), 5.28~5.32
(m, 1H), 5.19~5.22 (m, 1H), 4.48 (s, 1H), 3.99~3.75 (m,
2H); ®C NMR (101 MHz, CDCly) &: 144.74, 134.67,
132.36, 128.39, 117.84, 116.40, 111.58, 109.72, 46.22.

N-Allyl-2-iodoaniline (2f):?2 Oil (0.056 g, 31% yield).
R:=0.5 (Hexane/EtOAc, V : V=30 : 1, add 1% Et;N); 'H
NMR (400 MHz, CDCl3) 8: 7.67 (d, J=7.8 Hz, 1H), 7.20 (t,
J=7.7Hz, 1H), 6.57 (d,J=8.2 Hz, 1H), 6.45 (t, J=7.5 Hz,
1H), 5.93~5.97 (m, 1H), 5.30 (d, /=17.2 Hz, 1H), 5.21 (d,
J=10.3 Hz, 1H), 433 (s, 1H), 3.84 (t, J=5.3 Hz, 2H); 13C
NMR (101 MHz, CDCls) ¢: 147.02, 139.00, 134.61, 129.35,
118.74,116.43, 110.92, 85.38, 46.57.

N-Allyl-2-(trifluoromethyl)aniline (2g):1>¥ Oil (0.087 g,
62% yield). R==0.3 (Hexane, add 1% Et;N); 'H NMR (400
MHz, CDCl;) 6: 7.4 (d,J=17.3 Hz, 1H), 7.35 (t, J/=7.8 Hz,
1H), 6.72 (t, J=7.6 Hz, 2H), 5.91~5.98 (m, 1H), 5.30~
5.32 (m, 1H), 5.19~5.22 (m, 1H), 4.51 (s, 1H), 3.90~3.82
(m, 2H); *C NMR (101 MHz, CDCl3) J: 145.39, 134.31,
133.00, 126.59, 126.54, 123.85, 116.56, 116.01, 113.58,
113.29, 112.08, 45.84; 3C NMR (101 MHz, CDClL) d:
145.39 (s), 134.31 (s), 133.00 (s), 126.57 (d, J=5.5 Hz),
123.85 (s), 116.56 (s), 116.01 (s), 113.58 (s), 113.29 (s),
112.08 (s), 45.84 (s); '9F NMR (377 MHz, CDCl3) &: —
62.49 (s).

N-Allyl-2-nitroaniline (2h):24 Qil (0.060 g, 48% yield).
R:=0.5 (Hexane/EtOAc, V : V=80 : 1, add 1% Et;N); 'H
NMR (400 MHz, CDCl3) d: 8.21~8.17 (m, 1H), 7.41~
7.43 (m, 1H), 6.83 (d, /=8.7 Hz, 1H), 6.66~6.67 (m, 1H),
5.92~5.96 (m, 1H), 5.36~5.22 (m, 2H), 4.03~3.95 (m,
2H); *C NMR (101 MHz, CDCL) &: 14523, 136.02,
133.13, 132.02, 126.76, 116.98, 115.42, 113.99, 45.18.

N-Allyl-3-nitroaniline  (2i): Yellowish-brown solid
(0.062 g, 50% yield). m.p. 60~61 C (lit.*’) m.p. 61~
61 C); Ry=0.5 (Hexane/EtOAc, V. V=80 : 1, add 1%
EtsN); 'H NMR (400 MHz, CDCl3) 8: 7.52 (dd, J=8.1, 2.1
Hz, 1H), 7.40 (t, J=2.2 Hz, 1H), 7.28 (d, J=8.1 Hz, 1H),
6.88 (dd, /=8.2, 2.4 Hz, 1H), 5.90~5.97 (m, 1H), 5.21~
533 (m, 2H), 4.18 (s, 1H), 3.84 (t, J=5.2 Hz, 2H); 13C
NMR (101 MHz, CDCls) ¢: 148.72, 134.05, 129.66, 118.82,
116.98, 112.07, 106.55, 46.17.

N-Allyl-4-methoxyaniline (2j):?% Oil (0.042 g, 37%
yield). Rr=0.5 (Hexane/EtOAc, VI V=100 : 1, add 1%
Et:N); 'H NMR (400 MHz, CDCLy) 8: 6.84~6.75 (m, 2H),
6.61 (t, J=6.0 Hz, 2H), 5.26~5.30 (m, 1H), 5.28 (dd, J=
17.2, 1.4 Hz, 1H), 5.16 (dd, J/=10.3, 1.1 Hz, 1H), 3.78~
3.70 (m, 5H); 3C NMR (101 MHz, CDCls) &: 15221,
142.28, 135.79, 116.11, 114.86, 114.30, 55.79, 47.54.

N-Allyl-4-nitroaniline (2k):['*? Yellowish-brown solid
(0.064 g, 51% yield). m.p. 66~67 C (lit.*> 65~66 C);
R:=0.3 (Hexane/EtOAc, V' : V=9 : 1, add 1% Et;N); 'H
NMR (400 MHz, CDCl3) &: 8.12~8.05 (m, 2H), 6.61~
6.49 (m, 2H), 5.88~5.92 (m, 1H), 5.38~5.21 (m, 2H), 4.69
(s, 1H), 3.94~3.82 (m, 2H); '3C NMR (101 MHz, CDCl)
0: 153.10, 138.25, 133.35, 126.33, 117.32, 111.28, 45.76.

N-Allyl-2-bromo-3-methyianiline (21): Oil (0.106 g, 67%
yield). Rr=0.3 (Hexane/EtOAc, V' I V=100 : 1, add 1%
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Et;N); '"H NMR (400 MHz, CDCl3) 6: 7.07 (t, J=7.8 Hz,
1H), 6.61 (d, J=7.1 Hz, 1H), 6.49 (d, J=8.1 Hz, 1H),
5.94~5.98 (m, 1H), 5.30 (dd, J/=17.2, 1.5 Hz, 1H), 5.20
(dd,J=10.3, 1.4 Hz, 1H), 4.59 (s, 1H), 3.90~3.79 (m, 2H),
2.39 (s, 3H); 3C NMR (176 MHz, CDCl;) §: 144.88,
138.38, 134.82, 127.52, 119.05, 116.29, 112.41, 108.97,
46.45, 23.76; IR (film) v: 3420, 1592, 1498, 1470, 1320,
1019 ¢cm '; HRMS (ESI-TOF) caled for CioHi2NBr
[M+H]" 228.0166, found 228.0194.

N-Allyl-2-bromo-4-chloroaniline (2m): Oil (0.114 g,
66% yield). Rr=0.3 (Hexane/EtOAc, V' . V=80 : 1, add
1% Et;N); 'H NMR (400 MHz, CDCl3) 8: 7.42 (s, 1H), 7.13
(d,J=8.7Hz, 1H), 6.53 (d, J/=8.7 Hz, 1H), 6.01~5.84 (m,
1H), 5.24 (dd, J=27.6, 13.7 Hz, 2H), 4.46 (s, 1H), 3.81 (d,
J=5.2 Hz, 2H); ¥C NMR (101 MHz, CDCls) §: 143.50,
134.20, 131.68, 128.28, 121.54, 116.64, 112.00, 109.44,
46.27; IR (film) v: 3420, 1595, 1505, 1317 cm ™ !; HRMS
(ESI-TOF) caled for CoHoNBrCl [M+H]" 247.9620,
found 247.9646.

N-Allyl-2-bromo-4-fluoroaniline (2n): Oil (0.106 g, 67%
yield). Rr=0.3 (Hexane/EtOAc, V' . V=100 : 1, add 1%
Et;N); 'H NMR (400 MHz, CDCl3) 6: 7.26~7.16 (m, 1H),
7.07~6.83 (m, 1H), 6.56~6.58 (m, 1H), 5.93~6.00 (m,
1H), 5.40~5.11 (m, 2H), 4.27 (s, 1H), 3.79 (d, J=5.1 Hz,
2H); 3C NMR (176 MHz, CDCls) d: 155.18 (s), 153.82 (s),
141.53 (d, J=2.0 Hz), 134.57 (s), 119.44 (s), 119.30 (s),
116.53 (s), 114.98 (s), 114.85 (s), 111.56 (d, J=7.7 Hz),
108.81 (d, J=9.7 Hz), 46.71 (s); '"F NMR (377 MHz,
CDCls) 0: —127.17 (s); IR (film) v: 3428, 1513, 1317,
1266, 1188 cm '; HRMS (ESI-TOF) calcd for CoHoNFBr
[M+H]" 229.9936, found 229.9962.

N-Allyl-2-bromo-4-nitroaniline  (20): Yellow solid
(0.079 g, 44% yield). m.p. 65~66 C; R=0.5 (Hexane/
EtOAc, V' : V=50 : 1, add 1% Et;N); 'H NMR (400 MHz,
CDCls) o: 8.38 (d, J=2.6 Hz, 1H), 8.14~8.05 (m, 1H),
6.58 (d, J=9.2 Hz, 1H), 5.99~5.86 (m, 1H), 5.35~5.20
(m, 3H), 4.02~3.90 (m, 2H); *C NMR (101 MHz, CDCl;)
0: 149.61, 132.64, 128.74, 125.24, 117.58, 109.23, 107.77,
45.90; IR (film) v: 3390, 1590, 1527, 1525, 1323, 1300
cm '; HRMS (ESI-TOF) caled for CoHoN>BrO, [M+
H]" 258.9860, found 258.9890.

N-Allyl-2-bromo-5-methylaniline (2p):?7 Oil (0.125 g,
79% yield). Re=0.5 (Hexane/EtOAc, V' . V=100 : 1, add
1% Et:N); '"H NMR (400 MHz, CDCl;) &: 7.29 (d, J=8.0
Hz, 1H), 6.49~6.37 (m, 2H), 5.94~5.99 (m, 1H), 5.30 (d,
J=17.2 Hz, 1H), 5.20 (d, /=10.3 Hz, 1H), 4.40 (s, 1H),
3.83 (t, J=4.9 Hz, 2H), 2.26 (s, 3H); *C NMR (176 MHz,
CDCls) 0: 144.41, 138.40, 134.73, 131.96, 118.78, 116.34,
112.36, 106.54, 46.22, 21.47.

N-Allyl-2-bromo-5-methoxyaniline (2q): Oil (0.134 g,
79% yield). Re=0.5 (Hexane/EtOAc, V' . V=100 : 1, add
1% Et:N); '"H NMR (400 MHz, CDCl;) &: 7.30 (d, J=8.6
Hz, 1H), 6.19 (dd, J=13.9, 5.7 Hz, 2H), 5.92~5.99 (m,
1H), 5.30 (dd, J/=17.2, 1.4 Hz, 1H), 5.21 (dd, /=10.3, 1.3
Hz, 1H), 4.45 (s, 1H), 3.88~3.73 (m, 5H); '3C NMR (176
MHz, CDCl3) d: 160.19, 145.52, 134.52, 132.43, 116.49,
102.71, 100.92, 98.37, 55.29, 46.22; IR (film) v: 3418,
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1600, 1509, 1313, 1213 cm™ !; HRMS (ESI-TOF) caled for
CioH2NBrO [M+H]" 244.0115, found 244.0135.

N-Allyl-2-bromo-5-chloroaniline (2r): Oil (0.123 g, 71%
yield). Rg=0.5 (Hexane/EtOAc, V' : V=80 . 1, add 1%
Et;N); 'TH NMR (400 MHz, CDCls) é: 7.32 (d, J=8.3 Hz,
1H), 6.64~6.51 (m, 2H), 6.02~5.87 (m, 1H), 5.26 (dd,
J=27.9,13.7Hz, 2H), 4.54 (s, 1H), 3.82 (t,/=5.4 Hz, 2H);
13C NMR (176 MHz, CDCls) 6: 145.52, 134.30, 133.86,
132.89, 117.54, 116.81, 111.37, 107.32, 46.03; IR (film) v:
3415, 1590, 1505, 1415, 1095, 1017 cm™'; HRMS (ESI-
TOF) caled for CoHoBrCIN [M+H]" 247.9620, found
247.9651.

N-Allyl-2-bromo-5-fluoroaniline (2s): Oil (0.139 g, 86%
yield). Rg=0.5 (Hexane/EtOAc, V' : V=50 [ 1, add 1%
Et;N); 'TH NMR (400 MHz, CDCls) d: 7.34 (dd, J=38.6, 6.0
Hz, 1H), 6.30~6.35 (m, 2H), 6.02~5.84 (m, 1H), 5.21~
5.32 (m, 2H), 4.58 (s, 1H), 3.81 (dd, J=7.3, 3.6 Hz, 2H);
3C NMR (101 MHz, CDCl3) §: 164.53 (s), 162.11 (s),
146.06 (d, J/=11.4 Hz), 133.95 (s), 132.81 (d, J/=9.9 Hz),
116.78 (s), 104.44 (s), 104.21 (s), 103.59 (d, J=2.8 Hz),
99.05 (s), 98.78 (s), 46.12 (s); "F NMR (377 MHz, CDCl;)
o: —113.13 (s); IR (film) v: 3420, 1611, 1510, 1435, 1305,
1175, 1023 cm '; HRMS (ESI-TOF) caled for CoHoBrFN
[M+H]" 231.9915, found 231.9958.

(E)-N-Cinnamyl-2-methylaniline (2aa):?¥ Oil (0.0754 g,
86% yield). Ry=0.5 (Hexane/EtOAc, V' I V=100 : 1, add
1% Et:N); '"H NMR (400 MHz, CDCl;) d: 7.29 (d, J=7.4
Hz, 2H), 7.22 (t, J=7.5 Hz, 2H), 7.14 (s, 1H), 7.01 (d, J=
26.0 Hz, 2H), 6.58 (d, J=7.7 Hz, 2H), 6.55 (d, J=16.0 Hz,
1H), 6.30 (s, 1H), 3.89 (dd, J=5.8, 1.1 Hz, 2H), 3.59 (s,
1H), 2.08 (s, 3H); *C NMR (101 MHz, CDCls) J: 145.94,
136.85, 131.60, 130.09, 128.55, 127.53, 127.15, 127.13,
126.33, 122.04, 117.19, 110.07, 46.18, 17.49; HRMS
(ESI-TOF) caled for CigHi7N [M +H] ™ 224.1395,
found 224.1274.

N-(But-3-en-2-yl)-2-methylaniline (2ab) and (£)-N-(but-
2-en-1-yl)-2-methylaniline (2ac):**! Oil (45% or 86% total
yield). Rr=0.5 (Hexane/EtOAc, V' I V=100 : 1, add 1%
Et;N). 2ab: 'H NMR (400 MHz, CDCls) &: 7.16~7.03 (m,
2H), 6.64 (dd, J=13.2, 7.9 Hz, 2H), 5.94~5.90 (m, 1H),
5.17 (dd, J=48.9, 13.8 Hz, 2H), 4.09~3.99 (m, 1H), 3.47
(s, 1H), 2.17 (s, 3H), 1.37 (d, J=6.6 Hz, 3H); '3C NMR
(101 MHz, CDCl3) o: 145.28, 141.40, 130.08, 126.95,
121.65, 116.76, 113.96, 110.80, 50.85, 21.82, 17.52; IR
(film) v: 3445, 2920, 1607, 1513, 1450, 1317, 1258 cm ;
HRMS (ESI-TOF) caled for C;HisN [M + H] *
162.1238, found 162.1274. 2ac: 'H NMR (400 MHz,
CDCls) 0: 7.18~7.09 (m, 1H), 7.06 (d, J=7.2 Hz, 1H),
6.71~6.59 (m, 2H), 5.80~5.57 (m, 2H), 3.78 (dd, J=33.6,
6.0 Hz, 2H), 3.61 (d,J=52.9 Hz, 1H), 2.15 (s, 3H), 1.73 (dt,
J=6.2, 3.1 Hz, 3H); 3C NMR (101 MHz, CDCl;) &:
146.11, 129.99, 128.12, 127.95, 127.05, 121.93, 116.91,
109.91, 45.97, 17.78, 17.46; IR (film) v: 3445, 2977, 1607,
1511, 1315, 1258 cm !'; HRMS (ESI-TOF) caled for
CiHisN [M-+H]" 162.1238, found 162.1274.

2-Methyl-N-(2-methylallyl)aniline (2ad): Oil (0.0610 g,
63% yield). R/=0.5 (Hexane/EtOAc, V' V=100 : 1, add
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1% Et;N); '"H NMR (400 MHz, CDCl;) §: 7.14~7.01 (m,
2H), 6.65 (t, J=7.4 Hz, 1H), 6.57 (d, J/=8.0 Hz, 1H), 4.94
(d, J=28.5 Hz, 2H), 3.74 (s, 3H), 2.17 (s, 3H), 1.81 (s, 3H);
3BC NMR (101 MHz, CDCl3) 6: 146.09, 142.78, 129.99,
127.05, 121.70, 116.89, 110.80, 109.94, 49.83, 20.48,
17.44; IR (film) v: 3445, 2920, 1607, 1513, 1450, 1317,
1258 cm ™ !'; HRMS (ESI-TOF) caled for C; H;sN [M+H]"
162.1238, found 162.1276.
(E)-N-cinnamyl-2-methoxyaniline (2ae):*% Oil (0.1390
g, 83% yield). Ry=0.5 (Hexane/EtOAc, V' . V=50 : 1, add
1% Et;N); '"H NMR (400 MHz, CDCl;) §: 7.38 (d, J=7.4
Hz, 2H), 7.31 (s, 2H), 7.23 (t, J=7.2 Hz, 1H), 6.87 (dd,
J=1.6, 1.1 Hz, 1H), 6.80 (d, J/=7.8 Hz, 1H), 6.72~6.60
(m, 3H), 6.19~6.40 (m, 1H), 4.44 (s, 1H), 3.99~3.94 (m,
2H), 3.87 (s, 3H); *C NMR (101 MHz, CDCls) &: 146.89,
137.98, 136.96, 131.35, 128.53, 127.43, 127.24, 126.32,
121.29, 116.69, 110.23, 109.42, 55.41, 45.93, 30.31; IR
(film) v: 3436, 1513, 1456, 1246, 1221, 1127, 1029, 736
cm L
(E)-2-Bromo-N-cinnamyl-5-methoxyaniline (2af): Light
yellow solid (0.1671 g, 75% yield). m.p. 86.3~87.5 C;
R:=0.3 (Hexane/EtOAc, V' : V=50 : 1, add 1% Et;N); 'H
NMR (400 MHz, CDCl3) 6: 7.39 (d, J=7.3 Hz, 2H), 7.35~
7.29 (m, 3H), 7.25 (d, J/=6.3 Hz, 1H), 6.64 (d, /=15.9 Hz,
1H), 6.29 (dd, J=16.1, 9.4 Hz, 2H), 6.18 (dd, /=28.7, 2.8
Hz, 1H), 4.52 (s, 1H), 3.98 (s, 2H), 3.76 (s, 3H); '3C NMR
(101 MHz, CDCl;) ¢: 160.26, 145.54, 136.66, 132.50,
131.86, 128.57, 127.63, 126.38, 126.08, 102.83, 101.00,
98.47, 55.32, 45.95; IR (film) v: 3405, 1598, 1596, 1511,
1315, 1205, 1172 cm '; HRMS (ESI-TOF) calcd for
Ci6Hi6BrNO [M+H]" 218.0449, found 218.0475.
(E)-2-Bromo-N-cinnamylaniline (2ag): Oil (0.1493 g,
74% vyield). Rr=0.3 (Hexane/EtOAc, V . V=50 : 1, add
1% Et;N); 'H NMR (400 MHz, CDCls) J: 7.46 (dd, J=7.9,
1.3 Hz, 1H), 7.40 (d, J=7.3 Hz, 2H), 7.34 (t, J=7.5 Hz,
2H), 7.27 (t, J=3.5 Hz, 1H), 7.19 (s, 1H), 6.72 (dd, J=8.1,
0.9 Hz, 1H), 6.64 (t, J/=11.9 Hz, 2H), 6.34 (d, J/=15.9 Hz,
1H), 4.58 (s, 1H), 4.02 (d, J=5.1 Hz, 2H); '3C NMR (101
MHz, CDCl3) ¢: 144.73, 136.67, 132.39, 131.73, 128.57,
128.48, 127.61, 126.36, 126.24, 117.94, 111.63, 109.77,
45.94; IR (film) v: 3407, 1598, 1507, 1321, 1019, 966, 742
cm '; HRMS (ESI-TOF) caled for C;sH;4BrN [M+H]"
290.0323, found 290.0356.
(E)-2-Bromo-5-chloro-N-cinnamylaniline (2ah):B3Y
Light yellow solid (0.1536 g, 68% yield). m.p. 56.6~
57.6 C; Ry=0.5 (Hexane/EtOAc, V. V=50 : 1, add 1%
Et;N); 'H NMR (400 MHz, CDCls) 6: 7.40 (d, J=7.3 Hz,
2H), 7.33 (dd, J/=38.0, 6.5 Hz, 3H), 7.27 (d, J/=7.3 Hz, 1H),
6.64 (t, J=8.6 Hz, 2H), 6.57 (dd, /=28.4, 2.3 Hz, 1H), 6.29
(d, J/=15.9 Hz, 1H), 4.60 (s, 1H), 3.98 (dd, /=5.6, 4.5 Hz,
2H); C NMR (101 MHz, CDCl3) J: 145.54, 136.48,
134.39, 132.95, 132.19, 128.61, 127.77, 126.42, 125.32,
117.68, 111.39, 107.41, 45.78; IR (film) v: 3407, 1590,
1505, 1445, 1360,1299, 1017, 736 cm .
3-Methyl-1H-indole (3b): White solid (0.0450 g, 72%
yield). m.p. 92~93 C (lit.?"1 92~93 C), Rr=10.5
(Hexane/EtOAc, V : V=10 : 1); '"H NMR (400 MHz,
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CDCls) o: 7.85 (s, 1H), 7.60 (d, J=7.8 Hz, 1H), 7.35 (d,
J=8.0 Hz, 1H), 7.21 (s, 1H), 7.17~7.10 (m, 1H), 6.98 (d,
J=1.0 Hz, 1H), 2.36 (d, J=1.0 Hz, 3H); '3C NMR (101
MHz, CDCls) 6: 136.22, 128.25, 121.83, 121.53, 119.08,
118.79, 111.68, 110.90, 9.63.

Supporting Information 'H NMR and '*C NMR spectra
of compounds 2a~2s and 2aa~2ah, HRMS spectra of
some materials and products, ’F NMR spectra of com-
pounds 2d, 2g, 2n, 2s, the results of some reaction system
NMR and experimental procedures of raw materials. The
Supporting Information is available free of charge via the
Internet at http://sioc-journal.cn.
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