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Ag-Catalyzed Reactions of 3-Trifluoroacetyl Indoles and Isocyano-
acetates: An Efficient Process to (Z)-B-Trifluoromethylated
Dehydrotryptophan Derivatives
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(School of Chemistry and Chemical Engineering, Henan Engineering Laboratory of Green Synthesis for Pharmaceuticals,
Shangqiu Normal University, Shangqiu, Henan 476000)

Abstract Catalytic cyclization-rearrangement reaction of 3-trifluoroacetyl indole and isocyanoacetate was achieved with
AgOACc as catalyst in mild conditions. A serious of f-trifluoromethylated dehydrotryptophan derivatives were obtained with
single Z-isomer in excellent yields (up to >99% yields). The large scale experiment proceeded smothly genereting desired
products in up to 98% isolated yield, which demostrated the practicality of the method. The plausible mechanism was aslo
proposed. This transformation has features of high atom economy, mild reaction condition and easy operation.

Keywords 3-trifluoroacetyl indole; isocyanoacetate; dehydrotryptophan

1 Introduction

Trifluoromethylated compounds play an important role in
pharmaceuticals, agrochemical industries and material
science.!"! Modification of compounds with trifluoromethyl
groups has proved to be an efficient strategy to improve the
properties of a given bioactive molecules, mainly due to the
higher hydrophobicity and metabolic stability brought by
the trifluoromethyl groups.” Accordingly, great efforts
have been devoted to their efficient synthesis."”! Transfor-
mation of trifluoromethylated intermediates or synthetic

blocks is a direct and efficient way to various trifluoro-
methylated compounds. Among kinds of trifluoromethyl-
ated intermediates and synthetic blocks, 3-trifluoroacetyl
indoles are particularly versatile, which enabled many
useful transformations. Besides the conventional transfor-
mations such as haloform cleavage reaction with lithium
dialkylamides,”! 5-acylation reaction,”” the high regio-
selective C—H activation reactions of 3-trifluoroacetyl
indoles leading to functionalized indoles, has been dis-
closed very recently.” Trifluoroacetyl-group directed C-2
alkenylation,'® C-4 functionalization with Rh or Ir cata-
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lyst,®®! and annulation with alkynes via double C—H

activation at C-4 and C-5 position have emerged subse-
quently.®? Although the progress has been made, the de-
velopment of new strategy for the transformation of
3-trifluoroacetyl indole to afford various trifluoromethyl-
ated molecules is of great significance.

Dehydrotryptophan and its derivatives are commonly
found in peptide-based natural or synthetic compounds
which usually possess potent biological activity.”! For
example, barettin, which was isolated from cold water
sponge, exhibits anti-inflammatory activity.!®! Cristatumin
D is a dehydrotryptophan-derived alkaloid discovered in
marine fungus.”) Keramamide F is an antitumor agent
found in Okinawan sponge (Figure 1). Accordingly, effi-
cient construction of dehydrotryptophan in a catalytic
fashion has drawn extensive attention of chemists and
pharmacists. Since the pioneering method for the formation
of dehydrotryptophans with indole-3-carbaldehyde and
glycine derivatives through Erlenmeyer reaction,'”! several
methods based on Wittig reaction of indole-3-carbalde-
hydes with in-situ generated phosphonium ylides,!"" ring-
opening reaction via oxazolidinone intermediates from
indole-3-carbaldehydes and tosyl substituted glycinates,'”
Horner-Wadsworth-Emmons (HWE) olefination reac-
tions,!"*! direct dehydrogenation of tryptophans,* Heck
reaction'"! and vinylation of indole with dehydroalanine!'®
have been developed. Although many methods have been
reported,!'”) the development of efficient pathways to access
to p-trifluoromethylated dehydrotryptophan is still chal-
lenging, but highly desirable.

O H
N
- N
N H (0] H NH
Br N
H Barettin
(0] O
b
OH o -
HN
O
J N
= O
NH

Keramamide F
Figure 1 Natural products bearing dehydrotryptophan scaffold

3-Trifluoroacetyl indole is a privileged synthon, which
could be converted to many other compounds containing
indole ring and trifluoromethyl groups. What’s more, it’s
also an appropriate precursor to tryptophane and its ana-
logues. In this work, an efficient process to (Z)-f-trifluoro-
methylated dehydrotryptophan in single stereoisomer
through cyclization-rearrangement reactions between 3-tri-
fluoroacetyl indoles and isocyanoacetates was disclosed
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(Scheme 1).
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mild condition

Scheme 1 Process to S-trifluoromethylated dehydrotryptophan

2 Results and discussion

N-Tosyl-3-trifluoroacetyl indole (1a) and methyl isocy-
anoacetate (2a) were selected as the model substrates for the
development of this reaction (Table 1). To our delight, the
reaction proceeded smoothly and 3a was isolated in 70%
yield when Ag,O was employed as catalyst in dichloro-
methane (DCM) for 48 h (Table 1, Entry 1). Screening of
catalysts, such as Ag,CO;, AgOAc and AgNO;, revealed
that AgOAc gave the best result, while AgNO; did not
catalyze this reaction (Table 1, Entries 2~4). To further
improve the yield, the reaction was further optimized by
screening of solvent. This transformation proceeded
smoothly in various solvents, but lower yields were ob-
tained when CHCI;, toluene, CH3;CN and methyl tert-butyl
ether (MTBE) were used (Table 1, Entries 5~8). However,
MTBE gave a better result compared with CHCl;, toluene
and CH;CN, therefore, other ethers were screened. It was a
pleasure that 1,4-dioxane gave the desired product 3a in >
99% isolated yield (Table 1, Entry 10). Lower or higher
temperature gave inferior results (Table 1, Entries 11 and
12). Then the substrate ratio (Table 1, Entries 13 and 14)
was evaluated, it’s showed that less isocyanoacetate led to
lower yields. To pursue less consumption of solvent and
catalyst, higher reaction concentrate (Table 1, Entry 15) and
lower catalyst loading (Table 1, Entry 16) were also ex-
amined, but dramatic decline of the yield was observed. The
optimal conditions were finally identified as 1a (0.2 mmol),
2a (0.4 mmol), 10 mol% AgOAc in 2 mL of 1,4-dioxane at
35 °C for 24 h (Table 1, Entry 10).

With the optimized reaction conditions in hand, the sub-
strate scope of this reaction was investigated. To our de-
light, a wide range of substrates could be applied to generate
the corresponding products in excellent yields. Notably,
only (Z)-isomers were observed. Firstly, substituent on the
N atom was examined. The reaction was appropriate for
3-trifluoroacetyl indole derivatives, no matter the N atom of
indole ring was protected or not. Sulfonyl, alkyl, H, or aryl
substituted substrates yielded the desired products in 96% to
98% yields, which indicated that the electronic nature of the
protecting groups on N atom had no influence on this reac-
tion (Table 2, 3b~3e). Then the electronic nature and po-
sitions of the substituents on the aromatic ring were studied
with N-tosyl and N-Boc substituted 3-trifluoroacetyl in-
doles. When the substrates were substituted by halogen,
methyl, methoxyl or benzyloxy groups, both electron-

Chin. J. Org. Chem. 2021, 41, 669~676
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Table 1 Optimization of reaction conditions”

o oF, FiC /NHCHO

\ <COOM6 10 mol% Cat. { COOMe

N NC solvent, time

\ 35°C N

1a Ts 2a 3a 1S
Entry Cat. Solvent 17°C Time/h Yield®/%

1 Ag,0O DCM 35 48 70
2 Ag,CO; DCM 35 48 76
3 AgOACc DCM 35 48 87
4 AgNO; DCM 35 48 N.R.
5 AgOAc CHCl, 35 48 71
6 AgOAc Toluene 35 48 60
7 AgOAc CH;CN 35 48 60
8 AgOAc MTBE 35 48 84
9 AgOAc THF 35 48 38
10 AgOAc 1,4-Dioxane 35 24 >99
11 AgOAc 1,4-Dioxane 25 48 90
12 AgOAc 1,4-Dioxane 40 24 92
13°¢ AgOAc 1,4-Dioxane 35 48 80
144 AgOAc 1,4-Dioxane 35 48 60
15°¢ AgOAc 1,4-Dioxane 35 24 82
167 AgOAc 1,4-Dioxane 35 60 53

“Unless otherwise noted, the reactions were conducted with 1a (0.2 mmol) and 2a (0.4 mmol) in 2.0 mL solvent at 35 ‘C for the stated period of time. b Isolated
yield. 0.3 mmol 2a was used. ¢ 0.2 mmol 2a was used. ¢ Conducted in 1 mL of 1,4-dioxane.”5 mol% AgOAc was employed.

donating and electron-withdrawing groups gave excellent
yields (91% to >99%) regardless of positions (Table 2,
3f~3q). Next, ethyl isocyanoacetate (2b) instead of methyl
isocyanoacetate (2a) was employed in this reaction, and it
appeared to have no obvious influence on the results, the
corresponding products were generated in excellent yields
(3r, 3t and 3u). In contrast to the excellent yield of 3d, the
reaction of ethyl isocyanoacetate (2b) and 1d yielded 3s in
only 71% yield. The absolute configuration of 3j was de-
termined by single-crystal X-ray analysis (CCDC Deposi-
tion Number 2004276).

To evaluate the practicality of the strategy, the reaction
was scaled up to gram scale. Reaction of 11 (0.830 g) and 2b
(2.0 equiv., 0.540 g) with 10 mol% AgOAc under optimized
condition proceeded smoothly to furnish 3t in 98% yield
(Scheme 2, a). Hence this process should be potential for
large-scale chemical production of p-trifluoromethylated
dehydrotryptophan derivatives.

During the optimization of reactions, trifluoromethylated
oxazoline 4 was also observed in the reaction process, and
disappeared as the reaction going on. To gain more insight,
the following control experiment was carried out (Scheme
2, b). After being stirred for 72 h under optimized condition,
compound 4 transformed into 3a completely.

Based on the experimental results and previous literature
reports,!"® a plausible reaction mechanism was proposed in
Scheme 3. Initiated by the aldol-type reaction of 3-trifluoro-
acetyl indole 1 and isocyanoacetate 2 in the presence of
AgOAc, then the formed intermediate II is involved in two
possible modes to afford product 3. Most intermediate II

Chin. J. Org. Chem. 2021, 41, 669~676
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undergoes intramolecular rearrangement generating inter-
mediate IV, finally, the desired product 3 is obtained via
H+—Ag+ exchange of intermediate IV (Path A). At the same
time, a small proportion of intermediate II is transformed
into intermediate 4 (Path B). Deprotonation of compound 4
provides intermediate V, and the desired product 3 is
achieved through intramolecular rearrangement of V and
the sequentially protonation of intermediate VI. Due to the
lower reactivity of weak inorganic base AcO , the conver-
sion of intermediate 4 to intermediate V proceeds slowly,
which explains much longer time was needed in control
experiments (Scheme 2, b).

3 Conclusions

In conclusion, an efficient process to (Z)-f-trifluoro-
methylated dehydrotryptophan derivatives from easily ob-
tained 3-trifluoroacetyl indole and isocyanoacetate with
high atom economy in excellent yields was developed. This
transformation was conducted under mild conditions. The
products contain various precious scaffolds which present
an impressive array of promising biological properties, such
as indole ring, trifluoromethyl group (CF3), enamide, ami-
no-acid ester, efc. It’s worth noting that S-trifluoromethyl-
ated dehydrotryptophan was afforded in excellent stere-
oselectivity and only (Z)-isomer was observed. Due to the
easy availability of the substrates and simple operation of
this process, this method will be of great significance in
organic synthesis.

http://sioc-journal.cn/ 671
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Table 2 Substrate scope”
0
CF;
3
A COOR”  AgOAC (10 mol%)
R Z~N * NC 1,4-dioxane, 35 °C
; }Q1 2aR%=Me
2b R3=Et
1aR'=Ts, R?=H; 1b R'= SO,Ph, R?=H; 1c R'=Me, R?=H; 1d R'=H, R?=H; 1e R' = Ph, R = H; 1f R" = Ts, R? = 4-C|;
1gR'=Ts, R?=5-Br; 1hR'=Ts, R?=5-Me; 1i R'=Ts, R?=5-OMe; 1j R' = Ts, R?= 5-0Bn; 1k R" = Boc, R>= 5-Br; 1IR"=
Boc, R?=4-Cl; 1m R' = Boc, R? = 5-OMe; 1n R' = Boc, R? = 5-Me; 10 R'=Boc, R? = 4-OMe; 1p R" = Boc, R? = 5-OBn; 1q
R'=S0,Ph, R?=5-OBn
NHCHO
£.c NHCHO NHCHO NHCHO NHCHO FsC
3 3
— M
COOMe COOMe ~ COOMe COOMe coome
A\
N
Ts SOgPh 0
3a, 24 h, >99% yield® 3b, 24 h, 97% yield 3c, 24 h, 98% yield 3d, 24 h, 98% yield 3e, 18 h‘ 96 % yield
NHCHO NHCHO NHCHO
cifsC FsC NHCHO NHCHO FsC
~ COOMe COOM COOMe
A\ © \QKQCOONE MeO\CE?(COOMe
A\
N
\ N
Ts \
3f, 17 h, >99% yield 3g, 19 h, 91% yield 3h, 19 h, 96% yield 3i, 19 h, 98% yleld 3j, 19 h, 98% vyield
NHCHO NHCHO NHCHO NHCHO
3 3
Br\©\/1/<COOMe (jj?%oovvte MeO COOMe ~ “coome
BOC Boc Boc Boc
3k 19 h, 98% yield 31, 17 h, >99% yield 3m, 19 h, 94% yield 3n, 19 h, 96% yield
NHCHO NHCHO NHCHO NHCHO
MeO FaC FsC FsC
COOMe g0 ~ "COOMe gno COOMe ~ “COOEt
N\
N
Boc Boc SOQPh
30, 17 h, 97% yield 3p, 19 h, 98% yield 3q, 48 h, 95% yield 3r, 24 h, 98% vyield
NHCHO NHCHO NHCHO
~ “COOEt COOEt ~ “COOEt
A\
N
H Boc

3s, 24 h, 71% yield 3t, 17 h, >99% yield 3u, 24 h, 90% yield

“Unless otherwise noted, the reactions were carried out with 1 (0.2 mmol) and 2 (0.4 mmol) in 2.0 mL of 1,4-dioxane at 35 “C for the stated period of time. bTsolat-

ed yield.
@ NHCHO )
NN FsC FiC NHCHO
AgOAc (10 mol%) CO.Et ! -
{+oncorie 19melo) = AgOAG (10 mol%) _ CozMe
1,4-dioxane, 35 °C : \ COMe A\
N 17h ' 1,4-dioxane, 35 °C N
\ :
n Boc oh 3t Boc 72 h, 100% conversion \Ts
0.830¢g 0.540 g 1.077 g, 98% yield ! 3a
Scheme 2 Large-scale experiment (a) and control experiment (b)
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Scheme 3 Proposed reaction mechanism

4 Experimental section

NMR spectra were recorded on a Bruker 400 MHz (‘H
NMR), 100 MHz (*C NMR) instrument using TMS as an
internal standard. The High Resolution Mass spectra
(HRMS) were collected on a Bruker ltrafleXtreme mass
spectrometer. Melting points were obtained on a XT4A
melting point apparatus.

4.1 General procedure for the reactions of 3-tri-
fluoroacetyl indole with isocyanoacetate

To a solution of 3-trifluoroacetyl indole (0.2 mmol),
AgOAc (10 mol%) in 2 mL of 1,4-dioxane was added iso-
cyanoacetate (0.4 mmol). The mixture was stirred at 35 ‘C
and detected by thin-layer chromatography (TLC). After
completed, the reaction mixture was purified with flash
chromatography eluting with petroleum ether/ethyl acetate
(V2 V=5 11) on silica gel directly to obtain the corre-
sponding  (Z)-f-trifluoromethylated  dehydrotryptophan
derivatives.

Methyl (Z2)-4,4,4-trifluoro-2-formamido-3-(1-tosyl-1H-
indol-3-yl)but-2-enoate (3a): White solid, 92.3 mg, >99%
yield. m.p. 78~80 C; '"H NMR (400 MHz, CDCl;) 6: 8.27
(s, 1H), 8.14 (s, 1H), 7.97 (d, J=8.3 Hz, 1H), 7.77 (d, J=
8.2 Hz, 2H), 7.58 (s, 1H), 7.44 (d, J/=7.8 Hz, 1H), 7.34 (d,
J=7.8 Hz, 1H), 7.26 (t, J=7.1 Hz, 3H), 3.19 (s, 3H), 2.34
(s, 3H); *C NMR (100 MHz, CDCl;) §: 162.9, 158.0, 145 4,
134.9, 134.4, 134.3, 130.0, 130.0, 127.5, 126.9, 125.4,
123.9, 123.2 (q, J=275.1 Hz, 1C), 1204, 113.5, 112.2,
108.9 (q, J/=32.6 Hz, 1C), 52.4, 21.6; HRMS (ESI) calcd
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for C, H gF3N,05S [M+H]" 467.0883, found 467.0882.

Methyl  (2)-4,4,4-trifluoro-2-formamido-3-(1-(phenyl-
sulfonyl)-1H-indol-3-yl)but-2-enoate (3b): Off white oil,
87.7 mg, 97% yield. '"H NMR (400 MHz, CDCl;) ¢: 8.20 (s,
1H), 7.96 (s, 1H), 7.92 (d, J/=8.3 Hz, 1H), 7.85~7.78 (m,
2H), 7.50 (s, 1H), 7.48 (d, J=7.4 Hz, 1H), 7.39 (dd, J=
16.9, J/=8.4 Hz, 3H), 7.28 (d, J/=7.8 Hz, 1H), 7.24~7.19
(m, 1H), 3.07 (s, 3H); °C NMR (100 MHz, CDCl;) o:
162.8, 157.8, 137.9, 134.5, 134.3, 134.2, 130.0, 129.5,
127.5, 126.9, 125.5, 124.0, 123.2 (q, J=275.1 Hz, 1C),
120.5, 113.5, 112.4, 108.7 (q, J=133.5 Hz, 1C), 52.5;
HRMS (ESI) calcd for Cy0H F3N,05S [M-+H]" 453.0727,
found 453.0728.

Methyl  (2)-4,4,4-trifluoro-2-formamido-3-(1-methyl-
1H-indol-3-yl)but-2-enoate (3c¢): Yellow solid, 63.9 mg,
98% yield. m.p. 122~124 C; '"H NMR (400 MHz, CDCl5)
o0: 8.28 (s, 1H), 8.14 (s, 1H), 7.52 (d, J/=8.0 Hz, 1H), 7.29
(d, J/=8.1 Hz, 1H), 7.24 (dd, /=9.7, 5.2 Hz, 1H), 7.14 (t,
J=17.4 Hz, 1H), 7.05 (s, 1H), 3.73 (s, 3H), 3.39 (s, 3H); *C
NMR (100 MHz, CDCl;) J: 164.2, 158.7, 136.7, 131.8,
130.4, 127.7, 123.6 (q, J=276.4 Hz, 1C), 122.4, 1204,
119.8, 112.9 (q, J/=31.9 Hz, 1C), 109.6, 104.2, 52.6, 33.0;
HRMS (ESI) calcd for C,sH 4,F;N,05 [M-+H]" 327.0951,
found 327.0951.

Methyl (2)-4,4,4-trifluoro-2-formamido-3-(1H-indol-3-
yl)but-2-enoate (3d): 61.2 mg, 98% yield. Yellow solid,
m.p. 101~103 °C; '"H NMR (400 MHz, Acetone) : 10.56
(s, 1H), 9.61 (s, 1H), 8.33 (s, 1H), 7.47 (dd, J=13.4, 8.0 Hz,
2H), 7.34 (d, J=2.1 Hz, 1H), 7.17 (t, J=7.4 Hz, 1H), 7.10
(t, J=7.4 Hz, 1H), 3.34 (s, 3H); *C NMR (100 MHz, Ac-
etone) 0: 163.6, 159.1, 136.4, 133.5, 127.5, 126.9, 124.0 (q,
J=274.2 Hz, 10), 122.0,119.9,119.2, 111.7, 111.3 (g, J=
31.7 Hz, 1C), 105.5, 51.4; HRMS (ES]I) caled for C 4H,,F5-
N,O; [M+H]" 313.0795, found 313.0793.

Methyl  (Z)-4,4,4-trifluoro-2-formamido-3-(1-phenyl-
1H-indol-3-yl)but-2-enoate (3e): White solid, 74.5 mg,
96% yield. m.p. 147~148 C; '"H NMR (400 MHz, CDCl5)
0:8.20 (s, 1H), 7.91 (s, 1H), 7.51 (d, J=7.5 Hz, 1H), 7.45 (t,
J=17.6 Hz, 3H), 7.39 (d, /=7.4 Hz, 2H), 7.32 (t, J/=7.2 Hz,
1H), 7.26 (s, 1H), 7.20~7.11 (m, 2H), 3.38 (s, 3H); "°C
NMR (100 MHz, CDCl;) J: 162.8, 156.9, 137.8, 134.9,
131.4,128.8,128.4,127.3,126.2,123.4, 122.6 (g, J=275.5
Hz, 10), 122.2, 120.3, 119.1, 110.6 (q, J=30.1 Hz, 1C),
109.7, 105.7, 51.7; HRMS (ESI) calcd for CyH;4F3;N,0;
[M-+H]" 389.1108, found 389.1107.

Methyl (Z)-3-(4-chloro-1-tosyl-1H-indol-3-yl)-4,4,4-tri-
fluoro-2-formamidobut-2-enoate (3f): White solid, 99.2
mg, >99% yield. m.p. 56~58 “C; '"H NMR (400 MHz,
CDCl;) J: 8.24 (s, 1H), 8.17 (s, 1H), 7.88~7.75 (m, 1H),
7.68 (d, J/=8.3 Hz, 2H), 7.52 (s, 1H), 7.23~7.10 (m, 4H),
3.10 (s, 3H), 2.25 (s, 3H); °C NMR (100 MHz, CDCl5)
0:161.8, 157.4, 144.8, 134.5, 133.4, 133.0, 129.1, 127.8,
126.5, 126.0, 125.9, 125.0, 123.7, 121.8 (q, J=273.6 Hz,
1C), 111.1, 109.8, 108.8 (q, /=33.8 Hz, 1C), 51.3, 20.5;
HRMS (ESI) caled for C21H17C1F3NQOSS [M + H] -
501.0493, found 501.0492.

Methyl (2)-3-(5-bromo-1-tosyl-1H-indol-3-yl)-4,4,4-tri-

http://sioc-journal.cn/ 673
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fluoro-2-formamidobut-2-enoate (3g): White solid, 99.0
mg, 91% yield. m.p. 147~149 “C; '"H NMR (400 MHz,
CDCl;) o: 8.54 (s, 1H), 8.27 (s, 1H), 7.87 (d, /=8.8 Hz,
1H), 7.76 (d, J/=8.0 Hz, 2H), 7.60 (d, /=5.5 Hz, 2H), 7.45
(d, /=8.6 Hz, 1H), 7.27 (d, J/=7.8 Hz, 2H), 3.24 (s, 3H),
2.33 (s, 3H); C NMR (100 MHz, CDCl3) 6: 162.9, 158.6,
1459, 134.8, 134.5, 133.1, 131.7, 130.2, 128.7, 128.4,
126.9, 123.1, 123.0 (q, J=275.0 Hz, 1C), 117.6, 115.0,
111.5, 107.8 (q, J/=33.0 Hz, 1C), 52.5, 21.6; HRMS (ESI)
caled for C,H,;BrF;N,0sS [M+H] " 544.9988, found
544.9985.

Methyl (2)-4,4,4-trifluoro-2-formamido-3-(5-methyl-1-
tosyl-1H-indol-3-yl)but-2-enoate (3h): Yellow oil, 92.2 mg,
96% yield. "H NMR (400 MHz, CDCl;) 6: 8.46 (s, 1H), 8.24
(s, 1H), 7.85 (d, J/=8.5 Hz, 1H), 7.75 (d, J/=8.3 Hz, 2H),
7.53 (s, 1H), 7.25 (s, 1H), 7.22 (d,J=2.2 Hz, 2H), 7.16 (d, J
=8.5 Hz, 1H), 3.19 (s, 3H), 2.38 (s, 3H), 2.31 (s, 3H); "*C
NMR (100 MHz, CDCl;) d: 163.4, 159.6, 145.3, 134.9,
134.8, 133.5, 132.5, 130.4, 130.0, 127.4, 126.8, 126.7,
123.1 (q, J=274.9 Hz, 1C), 120.2, 113.0, 112.5, 108.5 (q,
J=33.1 Hz, 1C), 52.1, 21.4, 21.2; HRMS (ESI) calcd for
szHzoF}NzOsS [M“I_H]Jr 4811040, found 481.1038.

Methyl (Z)-4,4,4-trifluoro-2-formamido-3-(5-methoxy-
1-tosyl-1H-indol-3-yl)but-2-enoate (3i): Colorless oil, 97.2
mg, 98% yield. '"H NMR (400 MHz, CDCL) ¢: 8.14 (s, 1H),
8.12 (s, 1H), 7.68 (d, /=8.4 Hz, 2H), 7.47 (d, J=8.4 Hz,
1H), 7.33 (s, 1H), 7.17 (t, J=6.9 Hz, 3H), 6.57 (d, J=8.0
Hz, 1H), 3.71 (s, 3H), 3.17 (s, 3H), 2.24 (s, 3H); °C NMR
(100 MHz, CDCl;) d: 162.1, 157.1, 152.7, 144.4, 134.9,
133.9, 131.3, 129.0, 125.9, 125.5, 124.8, 1219 (d, J=
275.0 Hz, 1C), 118.9, 112.0 (d, J=32.4 Hz, 1C), 110.0,
105.2, 103.4, 54.4, 51.3, 20.5; HRMS (ESI) calcd for
CyoHaoF3N,06S [M+H]" 497.0989, found 497.0987.

Methyl (Z)-3-(5-(benzyloxy)-1-tosyl-1H-indol-3-yl)-4,4,
4-trifluoro-2-formamidobut-2-enoate (3j): White solid,
112.1 mg, 98% yield. m.p. 82~84 “C; 'H NMR (400 MHz,
CDCl;) o: 8.20 (s, 1H), 7.80 (s, 1H), 7.78 (d, J=9.0 Hz,
1H), 7.67 (d, J=8.3 Hz, 2H), 7.45 (s, 1H), 7.35 (d, J=7.1
Hz, 2H), 7.30 (t, /=7.2 Hz, 2H), 7.27~7.22 (m, 1H), 7.17
(d, J=17.6 Hz, 2H), 6.96 (dd, /=9.0, 1.9 Hz, 1H), 6.87 (s,
1H), 4.96 (s, 2H), 3.12 (s, 3H), 2.27 (s, 3H); "*C NMR (100
MHz, CDCIL;) 6: 161.8, 156.7, 154.9, 144.3, 135.7, 133.8,
133.2, 129.9, 129.0, 128.2, 127.5, 127.1, 127.0, 126.7,
125.8, 122.1 (q, J=275.4 Hz, 1C), 114.3, 1134, 111.0,
107.7 (q, J=33.2 Hz, 1C), 102.7, 69.5, 51.5, 20.5; HRMS
(ESI) caled for CosHyyF3N,04S [M+-H]" 573.1302, found
573.1301.

tert-Butyl (Z)-5-bromo-3-(1,1,1-trifluoro-3-formamido-
4-methoxy-4-oxobut-2-en-2-yl)-1H-indole-1-carboxylate
(3k): White solid, 96.0 mg, 98% yield. m.p. 105~107 C;
'H NMR (400 MHz, DMSO-d,) o: 8.28 (s, 1H), 8.02 (d,
J=8.8 Hz, 1H), 7.70 (s, 1H), 7.55 (s, 1H), 7.51 (dd, J=8.8,
1.9 Hz, 1H), 3.38 (s, 3H), 1.61 (s, 9H); >*C NMR (101 MHz,
DMSO-dg) J: 163.5, 160.9, 148.7, 136.1, 133.6, 131.8,
128.8, 128.1, 123.4 (q, J=274.6 Hz, 1C), 1224, 117.3,
116.3, 110.4, 107.8 (q, J/=32.3 Hz, 1C), 85.6, 52. 7, 27.9;
HRMS (ESI) caled for C19H19BI'F3N205 [M + H] -
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491.0424, found 491.0419.

tert-Butyl (Z)-4-chloro-3-(1,1,1-trifluoro-3-formamido-
4-methoxy-4-oxobut-2-en-2-yl)-1H-indole-1-carboxylate
(31): White solid, 88.4 mg, >99% yield. m.p. 144 ~
146 “C; "H NMR (400 MHz, CDCl;) 6: 8.33 (s, 1H), 8.17
(s, 1H), 8.02 (d, J/=6.5 Hz, 1H), 7.50 (s, 1H), 7.22~7.10
(m, 2H), 3.40 (s, 3H), 1.57 (s, 9H); >C NMR (100 MHz,
CDCly) o0: 162.1, 157.6, 147.7, 135.2, 132.6, 127.3, 126.1,
125.3, 124.7, 123.1, 6: 121.9 (q, J=274.9 Hz, 1C), 112.9,
110.3 (q, J/=32.7 Hz, 1C), 108.2, 84.1, 51.6, 27.0; HRMS
(ESI) calcd for C1oH;oCIF3N,05 [M+H]" 447.0929, found
447.0928.

tert-Butyl (Z)-5-methoxy-3-(1,1,1-trifluoro-3-formami-
do-4-methoxy-4-oxobut-2-en-2-yl)-1H-indole-1-carbox-
ylate (3m): White solid, 83.1 mg, 94% yield. m.p. 176~
178 “C; 'H NMR (400 MHz, DMSO-dj) d: 10.50 (s, 1H),
8.22 (s, 1H), 7.67 (d, J=8.4 Hz, 1H), 7.40 (s, 1H), 7.30 (t,
J=8.2 Hz, 1H), 6.81 (d, /=8.0 Hz, 1H), 3.82 (s, 3H), 3.41
(s, 3H), 1.61 (s, 9H); *C NMR (100 MHz, DMSO-dj) o:
163.8, 160.7, 153.7, 149.0, 136.2, 133.5, 126.8, 125.6,
123.4 (q, J=274.5 Hz), 119.6, 112.2 (q, J=33.2 Hz),
110.3, 108.1, 104.9, 85.0, 55.9, 52.4, 28.0; HRMS (ESI)
caled for CyH»nF3N,Og [M + H] © 443.1424, found
443.1424.

tert-Butyl (Z)-5-methyl-3-(1,1,1-trifluoro-3-formamido-
4-methoxy-4-oxobut-2-en-2-yl)-1H-indole-1-carboxylate
(3n): Light yellow solid, 81.8 mg, 96% yield. m.p. 135~
137 “C; '"H NMR (400 MHz, CDCl;) 6: 8.32 (s, 1H), 8.24
(s, 1H), 8.00 (d, /=8.3 Hz, 1H), 7.55 (s, 1H), 7.25 (s, 1H),
7.16 (d, J=8.5 Hz, 1H), 3.49 (s, 3H), 2.43 (s, 3H), 1.66 (s,
9H); *C NMR (100 MHz, CDCl;) 8: 163.3, 158.2, 149.2,
133.7,133.1, 132.8, 129.9, 127.0, 126.5, 123.3 (q, J=275.2
Hz, 1C), 119.7, 114.8, 110.5 (q, J/=32.4 Hz, 1C), 110.2,
84.4,52.7,28.1, 21.4; HRMS (ESI) caled for C,0H,,F3N,05
[M-+H]" 427.1475, found 427.1472.

tert-Butyl (Z)-4-methoxy-3-(1,1,1-trifluoro-3-formamido-
4-methoxy-4-oxobut-2-en-2-yl)-1H-indole-1-carboxylate
(30): White solid, 85.7 mg, 97% yield. m.p. 177~179 C;
'H NMR (400 MHz, DMSO-d;) d: 10.46 (s, 1H), 8.18 (s,
1H), 7.63 (d, J/=8.4 Hz, 1H), 7.36 (s, 1H), 7.25 (t, J=8.2
Hz, 1H), 6.77 (d, J=8.1 Hz, 1H), 3.77 (s, 3H), 3.37 (s, 3H),
1.56 (s, 9H); *C NMR (101 MHz, DMSO-d;) o: 163.8,
160.7, 153.7, 149.0, 136.2, 133.5, 126.8, 125.6, 123.4 (q,
J=274.5Hz, 1C), 119.6, 112.2 (q, J=32.7 Hz, 1C), 110.3,
108.1, 104.9, 85.0, 55.9, 52.4, 28.0; HRMS (ESI) calcd for
Cy0H2,F3N,04 [M+H]" 443.1424, found 443.1425.

tert-Butyl (Z)-5-(benzyloxy)-3-(1,1,1-trifluoro-3-form-
amido-4-methoxy-4-oxobut-2-en-2-yl)-1H-indole-1-car-
boxylate (3p): White solid, 101.5 mg, 98% yield. m.p.
148~150 C; '"H NMR (400 MHz, CDCl) d: 8.26 (s, 1H),
8.12 (s, 1H), 8.02 (d, /=8.7 Hz, 1H), 7.56 (s, 1H), 7.46 (d,
J=17.3 Hz, 2H), 7.38 (t, J/=7.4 Hz, 2H), 7.31 (t,J=7.2 Hz,
1H), 7.03 (dd, /=12.4 Hz, J=3.3 Hz, 2H), 5.09 (s, 2H),
3.48 (s, 3H), 1.66 (s, 9H); *C NMR (100 MHz, CDCL) ¢:
163.3, 158.3, 155.4, 149.1, 137.0, 133.8, 130.5, 129.8,
128.6, 128.0, 127.7, 127.6, 123.3 (q, J=275.1 Hz, 1C),
116.0, 114.8,110.3, 110.1 (q, J=32.3 Hz, 1C), 103.8, 84.5,
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70.6, 52.8,28.1; HRMS (ESI) calcd for CysHpsF3N,Og [M+
H]" 519.1737, found 519.1739.

Methyl (2)-3-(5-(benzyloxy)-1-(phenylsulfonyl)-1H-in-
dol-3-yl)-4,4,4-trifluoro-2-formamidobut-2-enoate  (3q):
White solid, 106.0 mg, 95% yield. m.p. 94~96 C; 'H
NMR (400 MHz, CDCl;) ¢: 8.18 (s, 1H), 8.02 (s, 1H), 7.81
(d,J=9.2 Hz, 1H), 7.78 (d, J/=7.6 Hz, 2H), 7.52~7.43 (m,
2H), 7.41~7.32 (m, 4H), 7.29 (t, J=7.2 Hz, 2H), 7.26~
7.20 (m, 1H), 6.97 (dd, J=9.0, 2.0 Hz, 1H), 6.87 (d, J=1.4
Hz, 1H), 4.95 (s, 2H), 3.06 (s, 3H); °*C NMR (100 MHz,
CDCl;) 0: 161.8, 156.9, 155.0, 136.8, 135.6, 133.1, 130.0,
128.4, 128.2, 127.5, 127.1, 127.0, 126.7, 125.8, 122.1 (q,
J=275.0 Hz, 1C), 114.4, 113.4, 111.4, 107.6 (q, J=32.7
Hz, 1C), 102.8, 69.5, 51.4; HRMS (ES]I) calcd for Cy;H,,F3-
N,04S [M+H]" 559.1145, found 559.1142.

Ethyl  (2)-4,4,4-trifluoro-2-formamido-3-(1-tosyl-1H-
indol-3-yl)but-2-enoate (3r): White solid, 94.1 mg, 98%
yield. m.p. 62~64 ‘C; 'H NMR (400 MHz, CDCL;) J: 8.27
(s, 1H), 8.18 (s, 1H), 7.90 (d, /=8.3 Hz, 1H), 7.70 (d, J=
8.3 Hz, 2H), 7.50 (s, 1H), 7.37 (d, J=7.8 Hz, 1H), 7.26 (t,
J=7.6 Hz, 1H), 7.17 (t, J=7.3 Hz, 3H), 3.51 (t, J/=6.8 Hz,
2H), 2.24 (s, 3H), 0.36 (t, J=7.2 Hz, 3H); °C NMR (100
MHz, CDCl3) 0: 161.4, 157.4, 144.4, 133.8, 133.30, 129.2,
129.0, 126.4, 125.9, 125.6, 124.3, 122.8, 122.1 (q, J=274.6
Hz, 1C), 119.5, 112.4, 111.4, 107.8 (q, J=32.3 Hz, 1C),
60.8, 20.59, 11.7; HRMS (ESI) calcd for CyHyF3N,05S
[M-++H]" 481.1040, found 481.1041.

Ethyl  (2)-4,4,4-trifluoro-2-formamido-3-(1 H-indol-3-
yl)but-2-enoate (3s): Purple solid, 46.3 mg, 71% yield. m.p.
128~130 ‘C; 'H NMR (400 MHz, Acetone) o: 10.41 (s,
1H), 9.47 (s, 1H), 8.20 (s, 1H), 7.33 (dd, J=15.8, 8.0 Hz,
2H), 7.19 (d, J/=2.3 Hz, 1H), 7.02 (t, J=7.2 Hz, 1H), 6.96
(t, J=7.3 Hz, 1H), 3.64 (q, J=7.1 Hz, 2H), 0.52 (t, J=7.1
Hz, 3H); >C NMR (101 MHz, Acetone) 6: 163.1, 159.1,
136.3, 134.1, 127.7, 126.9, 124.0 (g, J=274.3 Hz, 1C),
122.0, 119.8, 119.3, 111.6, 111.3 (q, J=31.7 Hz, 1C),
105.6, 60.7, 12.6; HRMS (ESI) calcd for C;sH4F3;N,04
[M+H]" 327.0951, found 327.0948.

tert-Butyl (Z)-4-chloro-3-(4-ethoxy-1,1,1-trifluoro-3-
formamido-4-oxobut-2-en-2-yl)-1H-indole-1-carboxylate
(3t): White solid, 91.2 mg, >99% yield. m.p. 124~
126 C; 'H NMR (400 MHz, CDCL;) 6: 8.23 (s, 1H), 8.19
(s, 1H), 8.03 (dd, /=6.5, 2.3 Hz, 1H), 7.49 (s, 1H), 7.22~
7.12 (m, 2H), 3.86 (q, J=7.1 Hz, 2H), 1.57 (s, 9H), 0.66 (t,
J=17.1 Hz, 3H); C NMR (101 MHz, CDCl;) é: 161.5,
157.4, 147.7, 135.2, 133.1, 127.4, 126.2, 125.4, 1247,
123.1,122.0 (q, J=274.5 Hz, 1C), 112.9, 110.0 (q, J=32.8
Hz, 1C), 108.3, 84.1, 60.8, 27.0, 12.0; HRMS (ESI) calcd
for C20H2]C1F3N205 [M“I_H]Jr 4611086, found 461.1084.

Ethyl (2)-4,4,4-trifluoro-2-formamido-3-(1-methyl-1H-
indol-3-yl)but-2-enoate (3u): Brown solid, 61.2 mg, 90%
yield. m.p. 125~128 C; '"H NMR (400 MHz, CDCl;) J:
8.12 (s, 1H), 8.04 (s, 1H), 7.45 (d, J=7.9 Hz, 1H), 7.22 (d,
J=38.1 Hz, 1H), 7.16 (t, J=7.5 Hz, 1H), 7.07 (t, J/=7.3 Hz,
1H), 6.97 (s, 1H), 3.78 (q, J=7.1 Hz, 2H), 3.67 (s, 3H), 0.59
(t, J=7.1 Hz, 3H); >C NMR (101 MHz, CDCl;) J: 162.4,
157.3, 135.6, 131.5, 129.4, 126.9, 122.6 (q, J=275.2 Hz,
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1C), 121.4,119.3, 118.9, 111.4 (q, J=31.9 Hz, 1C), 108.4,
103.3, 60.7, 31.9, 12.0; HRMS (ESI) calcd for C¢H,cFs-
N,O; [M+H]" 341.1108, found 341.1107.

Supporting Information 'H NMR and °C NMR spectra
of products. The Supporting Information is available free of
charge via the Internet at http://sioc-journal.cn/.
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