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ABSTRACT: The palladium-catalyzed alkylation reaction of BocO F

2,3,3-trifluoroallylic carbonates with indoles afforded a
trifluoromethyl group possessing 3-substituted indole deriva-
tives. The reaction proceeded via attack of the C-3 carbon of
the indoles onto the C-2 position of the allylic moiety and
intramolecular construction of the trifluoromethyl group by
the intramolecular fluorine atom shift from the C-2 position to
the C-3 position of the allyl unit.

luorine-containing organic compounds have attracted

much interest in the fields of pharmaceuticals and
agrochemicals,’ and the trifluoromethyl group is also an
important constituent of these compounds. There are several
methods available to introduce the trifluoromethyl group into
organic compounds, and several trifluoromethylation reagents
have also been developed.” On the other hand, during the
course of our study of the palladium-catalyzed reaction of
fluorinated allylic compounds with nucleophiles,” ™ we recently
reported an unusual intramolecular construction of the
trifluoromethyl group during the palladium-catalyzed reaction
of 2,3,3-trifluoroallylic esters with amines.>” Generally, the
palladium-catalyzed reaction of allylic compounds with
nucleophiles provides allylic substituted products or cyclo-
propane derivatives,”” and we also demonstrated the
palladium-catalyzed branch-selective allylic alkylation of 2,3,3-
trifluoroallylic acetates with malonate anions.>® However,
during the palladium-catalyzed reaction of 2,3,3-trifluoroallylic
esters with amines, we revealed that the amine nucleophiles
were introduced at the C-2 position of the allylic moiety and
the trifluoromethyl group was constructed by the fluorine atom
shift from the C-2 position to the C-3 position.”” As part of our
program to develop this intramolecular construction of
trifluoromethyl group, we examined the reaction of 2,3,3-
trifluoroallylic esters with other types of nucleophiles. As we
previously reported, the reaction of 2,3,3-trifluoroallylic esters
with malonate anions provided the allylic alkylated product,
but we revealed that the reaction with the indole afforded the
trifluoromethyl group possessing 3-substituted indole deriva-
tives by the attack of the C-3 carbon of the indoles onto the C-
2 position of the allylic moiety and intramolecular fluorine atom
shift. Therefore, we report the palladium-catalyzed alkylation of
2,3,3-trifluoroallylic esters with indoles and synthesis of the
trifluoromethyl group containing 3-substituted indole deriva-
tives.
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We initially examined the reaction of the 2,3,3-trifluoroallylic
carbonate la with indole (2a) using the Pd(OAc),/DPPF
catalyst in dioxane at 60 °C, which was effective for the reaction
of 1la with amines,Sb but the reaction did not occur (Table 1,
entry 1). However, when the reaction temperature was
increased to 100 °C, we succeeded in obtaining the desired
trifluoromethyl group containing product 3aa in 73% NMR
yield (entry 2). To increase the yield of 3aa, we examined other
reaction conditions, which revealed that [Pd(C;H;)(cod)]BF,
or [Pd(PhC,H,)(cod)]BF, with DPPF afforded higher yields

Table 1. Palladium-Catalyzed Reaction of 2,3,3-
Trifluoroallylic Carbonate 1a with Indole (2a)“

BocO F 5mol% [Pd]  pp~ X CF3
Ph F N solvent, temp. d
F H 16h HN
1a 2a 3aa
entry [Pd] solvent  temp (°C) NMR yield” (%)
1 Pd(OAc), dioxane 60 0
2 Pd(OAc), dioxane 100 73
3 [Pd(PhC;H,)(cod)]BF,  dioxane 100 87
4 [Pd(C3H;)(cod)]BE, dioxane 100 85
5¢ [Pd(PhC;H,)(cod)]BF,  dioxane 100 87
6° [Pd(C3H;)(cod)]BE, dioxane 100 49
7 [Pd(PhC;H,)(cod)]BF,  toluene 100 86
8 [Pd(C,H;)(cod)|BE, toluene 100 >98 (90)7

“Reaction conditions: 1a (0.17 mmol), 2a (0.24 mmol), [Pd] (0.0085
mmol), and DPPF (0.017 mmol) in solvent (1.0 mL) at the indicated
temperature for 16 h. “Yields are determined by ’F NMR of crude
materials using an internal standard (trifluoromethylbenzene). S mol
% of AgBF, was added. “Isolated yield is shown in parentheses.
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Table 2. Palladium-Catalyzed Reaction of 1a with Indoles 2b—p or N-Methylpyrrole (2q)“’b

BocO F ~ 5 mol% [Pd(CgHs)(Cod)IBFy  pp Xy~ CFs
P . (/I}R, 10 mol% DPPF
Ph F N"NF toluene 7 7
F R 100°C, 16 h RN—L Lo,
1a 2b-q 3ab-aq
CF. CFg
Ph X CF3 PhX CF3 PR 3 Ph™ X
Me
z Z
¢ ¢ Me HN
HN HN HN
Me Me
3ab: 84% 3ac: 88% 3ad: 76% 3ae: 83%
CFy
A
P CF; PR X CF3 Ph PR CF3
OMe /
7
¢ OMe HN ¢ Br
HN HN HN
MeO
3af: 70%° 3ag: 72%° 3ah: 82%°¢ 3ai: 50%
CF.
N 3
o CFa Ph b CFs o CFa
Br /
z 7 Me~
HN F
HN HN HN
Br
3aj: 61% 3ak: 46% 3al: 69% 3am: 84%
F F F
ph\Cs Ph\C3 Ph\C3 Ph\CFaph\CF3
Ph~ a Me -~ ~ N
HN MeN MeN ven—t * MN_
3an: 85% 3ao: 89%° 3ap: 87% 3aq (39%) and 3aq' (58%)“

“Reaction conditions: 1a (0.17 mmol), 2b—q, or 2q (0.24 mmol), [Pd(C,H;)(cod)]BF, (0.0085 mmol), and DPPF (0.017 mmol) in toluene (1.0
mL) at 100 °C for 16 h. ®Yields are isolated yield after silica gel column chromatography. “Dioxane was used instead of toluene. 9Pd(0Ac), (2.5 mol

%), DPPF (5 mol %), and dioxane were used.

(entries 3 and 4). Regarding our previously reported amination
reaction, the addition of a catalytic amount of AgBF, effectively
increased the yield, but the addition of silver salts was not
effective for the present alkylation reaction (entries S and 6).
However, to our delight, we succeeded in obtaining a high yield
(>98% NMR vyield, 90% isolated yield) by changing the solvent
from dioxane to toluene when [Pd(C;H;)(cod)]BE, was used
as the catalyst (entry 8).

With the optimal conditions in hand, we investigated the
[Pd(C4H;)(cod)]BF,/DPPF-catalyzed alkylation of la with
several indoles, and the results are summarized in Table 2.
Typically, the reaction was carried out in toluene, but we
confirmed that some reactions gave better results when dioxane
was used as the solvent. For example, the reactions of 1a with
4-, 5-, 6, or 7-methylindole 2b—e in toluene provided the
desired products 3ab, 3ac, 3ad, and 3ae in 84%, 88%, 76%, and
83% yields, respectively. On the other hand, the reaction with
4-methoxyindole (2f) in toluene resulted in a 53% yield, but a
higher yield (70%) was obtained when the solvent was changed
from toluene to dioxane. The reactions with other methox-
yindoles, 2g and 2h, also gave better results in dioxane as the
solvent and provided the intended products, 3ag and 3ah, in
72% and 82% vyields, respectively. We further examined the
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reactions with 4-, S-, or 7-bromo- or S-fluoroindoles 2i—I and
succeeded in obtaining the corresponding products, 3ai—al, in
acceptable yields (46—69%). The reactions with 2-substituted
indoles, 2m and 2n, also afforded the desired products, 3am
and 3an, in 84% and 85% yields, respectively. Furthermore, we
revealed that the reaction of la with N-methylindoles (20 and
2p) also smoothly proceeded and succeeded in obtaining the
intended 3-substituted N-methylindole derivatives 3ao® and
3ap in good yields, respectively. We further examined the
reaction with N-methylpyrrole (2q) and confirmed that the
modified palladium catalysts produced 3aq and 3aq’ as a
mixture of two regioisomers (3aq and 3aq’).”

We next demonstrated the palladium-catalyzed reaction of
several allylic carbonates 1b—i, which possess several
substituents at the C-1 position of the allylic carbonates, with
the indole (2a) or N-methylindole (20). As shown in Table 3,
the reactions of 1b or lc, which possess electron-donating
groups on the benzene ring, with 2a provided 3ba and 3ca in
63% and 66% yields, respectively. The reactions of the allylic
carbonate 1d, which has an electron-withdrawing group on the
benzene ring, also formed the intended product 3da in 72%
yield. On the other hand, some reactions again provided a
higher yield when the reaction solvent was changed from
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Table 3. Palladium-Catalyzed Reaction of 1b—i with 2a or 20%"
BocO F 5mol% [Pd(CgHs)(cod)]BFs g~ CFa
_ . (/j@ 10 mol% DPPF
R)\)\F N: toluene 7z
F R 100°C, 16 h RN
1b-i 2a(R'=H) s
20 (R'= Me)
AN CF3 A CF3 R CF3 N CF3
MeO 4 o} d cl 7 FsC 4
7o Hdo Mo M
3ba: 63% 3ca: 66% 3da: 72% 3ea: 93%°

9P
7
HN

3fa: 98%° 3ga: 90%

Me
CF4 O ~CFs O ~CFs O ~CFa
4 Q z FasC d
O HN O -0 MeN O MeN O

3co: 80%° 3eo: 89%°

C Me
O O o
z z z z
MeN O MeN O MeN O HN

3fo: 76%° 3ho: 82%°

3go: 75% 3ia: 65%

“Reaction conditions: 1b—i (0.17 mmol), 2a or 2q (0.24 mmol), [Pd(C;H;)(cod)]BF, (0.0085 mmol), and DPPF (0.017 mmol) in toluene (1.0
mL) at 100 °C for 16 h. "Yields are isolated yield after silica gel column chromatography. “Dioxane was used instead of toluene.

toluene to dioxane. For example, the reaction of le, which
possessed a trifluoromethyl group on the benzene ring, with 2a
in toluene afforded the intended product 3ba in 78% NMR
yield, but the yield increased to 93% when the dioxane was used
as the solvent. The reactions of the 1-naphthyl- or o-tolyl-
substituted allylic carbonates, 1f and 1g, also gave the desired
products, 3fa and 3ga, in 98% and 90% yields, respectively. We
also examined the reaction with N-methylindole (20) and
succeeded in obtaining the desired products, such as 3co, 3eo,
3fo, 3ho, and 3go, in the range of 75—89% yields. Furthermore,
we confirmed that the present catalyst system allowed the
reaction of the alkyl-substituted 2,3,3-trifluoroallylic carbonate
1i and produced 3ia in an acceptable yield (65%).

Unfortunately, the exact reaction mechanism is still not clear,
but we postulate that the present alkylation reaction with
indoles also proceeded through a pathway similar to our
reported amination reaction.”® Therefore, we outlined one
possible reaction pathway in Scheme 1. The oxidative addition
of trifluoroallylic carbonate 1 to Pd(0) affords trifluoro-z-
allylpalladium complex I, and the attack of the C-3 carbon of
the indole onto the C-2 position of the allylic moiety provides
palladacyclobutane II. The reaction of complex II with tert-
butoxy anion may form species III, and then an intramolecular
fluorine atom shift from the C-2 position to the C-3 position
occurs immediately. Finally, the palladium complex IV, which
might be unstable, gives a desired product 3 and regenerates
Pd(0). Furthermore, our previous report with amine and the
present results with indoles suggest that the presence of a
heteroatom, which has lone pair, in the nucleophiles might be
necessary to cause the intramolecular fluorine atom shift in the
palladacyclobutane intermediates IIL"°

In conclusion, we demonstrated the palladium-catalyzed
alkylation of 2,3,3-trifluoroallylic carbonates with indoles and
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Scheme 1. Possible Reaction Mechanism
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succeeded in obtaining the trifluoromethyl group containing 3-
substituted indole derivatives through the intramolecular
fluorine atom shift. Further studies of the mechanistic details
and development of related reactions with other types of
nucleophiles, such as O- or S-nucleophiles, are currently
underway in our group.

B EXPERIMENTAL SECTION

General Information. All manipulations were carried out under a
nitrogen atmosphere. NMR spectra were recorded at 500 MHz (for
'H), 125 MHz (for '*C), and 470 MHz (for '°F). Chemical shifts are
reported in & referenced to an internal SiMe, standard for '"H NMR
and an internal C¢Fg standard for "’F NMR. Residual chloroform (&
77.0 for '*C) was used as internal reference for >*C NMR. All NMR
spectra were recorded in CDCl; at 25 °C unless otherwise noted. The
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NMR vyields were determined by '’F NMR using an internal standard
(trifluoromethylbenzene). HRMS spectra were recorded using a
spectrometer with a TOF mass analyzer and an ESI ion source. All
2,3,3-trifluoroallylic carbonates la—i were prepared according to the
literature.”'" [Pd(C;H;)(cod)]BE, and [Pd(PhC;H,)(cod)]BF, were
prepared according to the reported procedure.'> All other chemicals
including DPPF and silver salts were purchased from commercial
sources and used without further purification.

General Procedure for the Palladium-Catalyzed Alkylation
of 1 with Indoles 2. The reaction conditions and results are shown
in Tables 1—3. A typical procedure is given for the reaction of tert-
butyl (2,3,3-trifluoro-1-phenylallyl)carbonate (la) with indole (2a)
(Table 1, entry 8). To a solution of [Pd(C;H;)(cod)]BE, (2.9 mg,
0.0085 mmol), DPPF (9.4 mg, 0.017 mmol), and fert-butyl (2,3,3-
trifluoro-1-phenylallyl)carbonate (1a) (50 mg, 0.17 mmol) in toluene
(1.0 mL) was added indole (2a) (28 mg, 0.24 mmol), then the
reaction mixture was stirred at 100 °C for 16 h. The reaction mixture
was quenched with water and extracted with ethyl acetate. The
combined organic layers were dried over MgSO, and concentrated in
vacuo. The NMR yield (trifluoromethylbenzene as an internal
standard) was determined to be 98% yield by 500 MHz 'H NMR
for crude material. The residue was chromatographed on silica gel
(hexane/EtOAc = 97/3) to give 44 mg (90%) of 3aa as a white solid.

(E)-3-(3,3,3-Trifluoro-1-phenylprop-1-en-2-yl)-1H-indole ((E)-
3aa). Isolated yield: 90% (44 mg after silica gel chromatography).
White solid. The pure product was obtained after recrystallization from
diethyl ether at room temperature. Mp: 100—102 °C. "H NMR (500
MHz, CDCly): § 7.00 (t, ] = 7.5 Hz, 1H), 7.08—7.11 (m, 2H), 7.14—
7.16 (m, 3H), 7.17—7.20 (m, 2H), 7.26—7.27 (m, 1H), 7.36 (s, 1H),
7.40 (d, ] = 9.0 Hz, 1H), 8.32 (s, 1H). 3C NMR (125 MHz, CDCL,):
§107.9, 1112, 120.3, 120.4, 122.6, 123.0 (q, Jcr = 30.1 Hz), 124.1 (q,
Jor = 275.8 Hz), 124.4, 126.0, 128.1, 128.7, 129.6, 133.5 (q, Jcr = 6.0
Hz), 134.3, 136.0. F NMR (470 MHz, CDCL,): § 95.31 (s, 3F). IR
(KBr): 3407, 3055, 1655, 1531, 1458, 1385, 1272, 931, 832, 715, 632
cm™. HRMS (ESI): m/z caled for [M — H]™ C;,H,,F;N 286.08435,
found 286.08456.

(E)-4-Methyl-3-(3,3,3-trifluoro-1-phenylprop- 1-en-2-yl)-1H-indole
((E)-3ab). Isolated yield: 84% (43 mg after silica gel chromatography).
White solid. The pure product was obtained after recrystallization from
diethyl ether at room temperature. Mp: 119—120 °C. '"H NMR (500
MHz, CDCl,): 6 2.38 (s, 3H), 6.85 (d, ] = 7.0 Hz, 1H), 7.09—7.19 (m,
7H), 7.23—7.27 (m, 1H), 7.40 (s, 1H), 8.31 (s, 1H). *C NMR (125
MHz, CDCL,): 6 18.6, 107.4, 109.2, 121.9, 122.7, 123.7, 123.9 (q, Jcr =
273.4 Hz), 124.5(q, Jor = 30.1 Hz), 125.7, 128.4, 129.0, 129.8, 131.3,
134.1, 1352 (q, Jcr = 5.9 Hz), 136.3. ’F NMR (470 MHz, CDCL,): §
94.79 (s, 3F). IR (KBr): 3397, 3059, 2922, 2854, 1955, 1905, 1831,
1650, 1611, 1536, 1452, 1332, 935, 825, 716, 627 cm™". HRMS (ESI):
m/z caled for [M — H]™ C;gH;3F;N 300.10000, found 300.10298.

(E)-5-Methyl-3-(3,3,3-trifluoro-1-phenylprop- 1-en-2-yl)- 1H-indole
((E)-3ac). Isolated yield: 88% (45 mg after silica gel chromatography).
White solid. The pure product was obtained after recrystallization from
diethyl ether at room temperature. Mp: 154—155 °C. "H NMR (500
MHz, CDCL): § 2.29 (s, 3H), 6.98—7.03 (m, 2H), 7.08—7.11 (m,
2H), 7.14-7.16 (m 3H), 7.19=7.20 (m, 1H), 7.28 (d, Jor = 8.0 Hz,
1H), 7.34 (s, 1H), 8.22 (s, 1H). *C NMR (125 MHz, CDCL,): 6 21.4,
107.3, 110.8, 120.0, 123.2 (q, Jor = 30.1 Hz), 124.2, 124.3 (q, Jcr =
273.4 Hz), 124.4, 1264, 128.1, 128.6, 129.6, 129.7, 133.5 (q, Joz = 5.9
Hz), 134.3, 134.4. ’F NMR (470 MHz, CDCL,): § 95.33 (s, 3F). IR
(KBr): 3416, 3030, 1644, 1535, 1484, 1449, 1274, 1151, 1102, 937,
894, 801, 755, 692 cm™. HRMS (ESI): m/z caled for [M + HJ*
CsH,sF5N 302.11566, found 302.11776.

(E)-6-Methyl-3-(3,3,3-trifluoro-1-phenylprop-1-en-2-yl)-1H-indole
((E)-3ad). Isolated yield: 76% (39 mg after silica gel chromatography).
White solid. The pure product was obtained after recrystallization from
diethyl ether at room temperature. Mp: 90—91 °C. 'H NMR (500
MHz, CDCLy): § 2.43 (s, 3H), 6.82 (d, ] = 8.0 Hz, 1H), 7.06—7.14 (m
8H), 7.34 (s, 1H), 8.15 (s, 1H). '*C NMR (125 MHz, CDCl): § 21.6,
107.7, 111.1, 119.9, 122.1, 123.2 (q, Jop = 30.1 Hz), 123.7, 123.9, 124.2
(9 Jcr = 273.5 Hz), 128.1, 128.6, 129.7, 132.4, 133.4 (q, Jcr = 6.0 Hz)
134.4, 136.4. ’F NMR (470 MHz, CDCL,): 6 95.24 (s, 3F). IR (KBr):
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3422, 3143, 3032, 2922, 1877, 1713, 1625, 1577, 1538, 1450, 1333,
936, 836, 801, 752, 695 cm™'. HRMS (ESI): m/z calcd for [M + H]*
CgH,sF5N 302.11566, found 302.11830.
(E)-7-Methyl-3-(3,3,3-trifluoro- 1-phenylprop-1-en-2-yl)- 1H-indole
((E)-3ae). Isolated yield: 83% (42 mg after silica gel chromatography).
White solid. The pure product was obtained after recrystallization from
diethyl ether at room temperature. Mp: 80—81 °C. 'H NMR (500
MHz, CDCly): § 2.51 (s, 3H), 6.91 (t, ] = 7.5 Hz 1H), 6.99 (d,] = 7.5
Hz 1H), 7.05—7.16 (m, 6H), 7.24—7.25 (m, 1H), 7.35 (s, 1H), 8.21
(s, 1H). *C NMR (125 MHz, CDCly): § 16.4, 108.2, 118.0, 120.4,
120.5, 123.0, 123.1 (q, Jeg = 30.0 Hz), 124.1, 129.7, 124.2 (q, Jor =
273.4 Hz), 124.1, 125.6, 128.1, 128.6, 129.7, 133.4 (q, Jcx = 5.9 Hz),
134.3, 135.6. ’F NMR (470 MHz, CDCl,): 6 95.23 (s, 3F). IR (KBr):
3441, 3053, 1654, 1615, 1532, 1496, 1432, 138S, 1274, 895, 782, 718,
646 cm™'. HRMS (ESI): m/z caled for [M + H]* CgH;sF3N
302.11566, found 302.11816.
(E)-4-Methoxy-3-(3,3,3-trifluoro-1-phenylprop- 1-en-2-yl)-1H-in-
dole ((E)-3af). Isolated yield: 70% (38 mg after silica gel
chromatography). White solid. The pure product was obtained after
recrystallization from diethyl ether at room temperature. Mp: 159—
160 °C. 'H NMR (500 MHz, CDCL,): 6 3.59 (s, 3H), 6.44 (d, ] = 7.5
Hz, 1H), 7.00—7.16 (m, 8H), 7.27 (s, 1H), 8.24 (s, 1H). 3C NMR
(125 MHz, CDCL,): 6 55.1, 100.7, 104.3, 106.8, 117.3, 122.7, 123.6,
124.1 (q, Jop = 273.5 Hz), 1242 (q, Jop = 30.1 Hz), 127.9, 1282,
129.5, 134.0 (q, Jor = 5.9 Hz), 135.1, 137.6, 154.4. ’'F NMR (470
MHz, CDCl,): § 95.33 (s, 3F). IR (KBr): 3399, 3011, 2840, 1583,
1538, 1509, 1332, 1274, 1213, 1091, 820, 743, 630 cm™’. HRMS
(ESD): m/z caled for [M + H]" C;gH;sF;NO 318.11058, found
318.11171.
(E)-5-Methoxy-3-(3,3,3-trifluoro-1-phenylprop-1-en-2-yl)-1H-in-
dole ((E)-3ag). Isolated yield: 72% (39 mg after silica gel
chromatography). White solid. The pure product was obtained after
recrystallization from diethyl ether at room temperature. Mp: 126—
127 °C. 'H NMR (500 MHz, CDCL): § 3.52 (s, 3H), 6.46 (s, 1H),
6.81 (dd, J = 9.0 Hz, 2.5 Hz, 1H), 7.09—7.18 (m, SH), 7.24—7.27 (m,
2H), 7.34 (s, 1H), 8.22 (s, 1H). *C NMR (125 MHz, CDCl,): § 55.4,
101.8, 107.6, 111.9, 113.2, 123.1 (q, J = 30.1 Hz), 124.3 (q, Jer =
273.5 Hz), 125.0, 126.2, 128.2, 128.5, 129.5, 130.9 132.7 (q, Jcr = 6.0
Hz), 134.6, 154.3. ’F NMR (470 MHz, CDCl,): § 95.34 (s, 3F). IR
(KBr): 3419, 3016, 2954, 1623, 1582, 1527, 1455, 1273, 800, 713, 673
cm ™', HRMS (ESI): m/z caled for [M + H]* C,sH,;sF;NO 318.11058,
found 318.11147.
(E)-7-Methoxy-3-(3,3,3-trifluoro-1-phenylprop-1-en-2-yl)-1H-in-
dole ((E)-3ah). Isolated yield: 82% (44 mg after silica gel
chromatography). White solid. The pure product was obtained after
recrystallization from diethyl ether at room temperature. Mp: 107—
108 °C. 'H NMR (500 MHz, CDCl,): 6 3.92 (s, 3H), 6.62 (dd, ] = 7.8
Hz, 3.0 Hz 1H), 6.79—6.81 (m, 1H), 6.89—6.92 (m, 1H), 7.07—7.21
(m, 6H), 7.34 (s, 1H), 8.52 (s, 1H). 3C NMR (125 MHz, CDCL,): §
55.3,102.3, 1082, 113.0, 120.6, 123.1 (q, Jog = 30.1 Hz), 123.9, 124.2
(q Jor = 273.5 Hz), 1267, 127.4, 128.1, 128.6, 129.7, 1334 (q, Jor =
5.9 Hz), 134.3, 146.0. ’F NMR (470 MHz, CDCl,): § 95.21 (s, 3F).
IR (KBr): 3432, 3067, 2940, 2839, 1631, 1581, 1530, 1502, 1419,
1365, 1208, 924, 881, 829, 760, 698 cm™". HRMS (ESI): m/z calcd for
[M + H]* C,4H,F;NO 318.11058, found 318.11040.
(E)-5-Bromo-3-(3,3,3-trifluoro-1-phenylprop- 1-en-2-yl)-1H-indole
((E)-3ai). Isolated yield: 50% (31 mg after silica gel chromatography).
White solid. The pure product was obtained after recrystallization from
diethyl ether at room temperature. Mp: 93—94 °C. 'H NMR (500
MHz, CDCL): 6 7.11=7.21 (m, SH), 7.25—=7.26 (m, 3H), 7.31 (s,
1H), 7.37—7.38 (m, 1H), 8.34 (s, 1H). *C NMR (125 MHz, CDCl,):
5108.0, 110.8, 114.4, 122.9 (q, Jcr = 30.1 Hz), 123.6, 123.8 (q, Jcr =
273.5 Hz), 125.0, 125.3, 125.9, 128.2, 128.8, 129.7, 134.4, 136.5 (q, Jcx
= 5.9 Hz), 137.0. F NMR (470 MHz, CDCl,): § 95.18 (s, 3F). IR
(KBr): 3423, 1708, 1274, 1157, 886, 798, 755, 693 cm™'. HRMS
(ESI): m/z caled for [M + H]" C;H,BrF;N 366.01053, found
366.01297.
(E)-4-Bromo-3-(3,3,3-trifluoro-1-phenylprop- 1-en-2-yl)-1H-indole
((E)-3aj). Isolated yield: 61% (38 mg after silica gel chromatography).
White solid. The pure product was obtained after recrystallization from
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diethyl ether at room temperature. Mp: 110—111 °C. 'H NMR (500
MHz, CDCL): § 7.01-7.14 (m, 7H), 7.25—7.33 (m, 2H), 7.38—7.40
(m, 1H), 8.31 (s, 1H). *C NMR (125 MHz, CDCl,): § 107.5, 112.7,
113.7, 122.3 (q, Jor = 30.1 Hz), 122.8, 124.0 (q, Jcr = 2734 Hz),
125.5, 125.6, 127.8, 128.2, 128.9, 129.5, 134.0, 134.2 (q, Jc = 6.0 Hz),
134.6. F NMR (470 MHz, CDCl,): § 95.23 (s, 3F). IR (KBr): 3427,
1657, 1612, 1560, 1480, 1427, 1271, 1211, 1157, 936, 777, 743, 692
cm ™. HRMS (ESI): m/z caled for [M + H]* C;,H,,BrF;N 366.01053,
found 366.01203.

(E)-7-Bromo-3-(3,3,3-trifluoro-1-phenylprop-1-en-2-yl)-1H-indole
((E)-3ak). Isolated yield: 46% (29 mg after silica gel chromatography).
White solid. The pure product was obtained after recrystallization from
diethyl ether at room temperature. Mp: 88—89 °C. 'H NMR (500
MHz, CDCl,): 6 6.86 (t, ] = 8.0 Hz, 1H), 7.08—7.17 (m, 6H), 7.31—
7.33 (s, 2H), 7.37—7.38 (m, 1H), 8.48 (s, IH). *C NMR (125 MHz,
CDCl,): 6 104.7, 109.1, 119.6, 121.5, 122.7 (q, Jc¢ = 30.1 Hz), 124.0
(q, Jor = 273.5 Hz), 1249, 125.0, 127.2, 128.3, 128.9, 129.6, 134.0,
134.1 (q, Jor = 5.9 Hz), 134.7. F NMR (470 MHz, CDCL,): § 95.16
(s, 3F). IR (KBr): 3407, 3136, 3064, 1789, 1750, 1616, 1557, 1489,
1433, 1213, 934, 825, 776, 735, 696 cm™". HRMS (ESI): m/z calcd for
[M + Na]* C,;H,,BrF;NNa 387.99247, found 387.99303.

(E)-5-Fluoro-3-(3,3,3-trifluoro-1-phenylprop-1-en-2-yl)- 1H-indole
((E)-3al). Isolated yield: 69% (36 mg after silica gel chromatography).
White solid. The pure product was obtained after recrystallization from
diethyl ether at room temperature. Mp: 86—87 °C. 'H NMR (500
MHz, CDCl,): § 6.81 (dd, ] = 9.5 Hz, 1.5 Hz 1H), 6.91 (td, J = 9.0 Hz,
2.5 Hz, 1H), 7.07—7.16 (m, SH), 7.25—7.30 (m, 2H), 7.35 (s, 1H),
8.24 (s, 1H). *C NMR (125 MHz, CDCL,): § 105.2 (d, Jcr = 24.0
Hz), 108.1 (d, Jop = 4.8 Hz), 1112 (d, Jor = 26.4 Hz), 111.9 (d, Jcr =
9.7 Hz), 122.5 (q, Jcr = 30.1 Hz), 124.1 (q, Jor = 273.5 Hz) 126.1,
126.6 (d, Jop = 9.6 Hz), 128.2, 128.7, 129.6, 132.4, 133.8 (q, Jcr = 5.9
Hz), 134.0, 158.1 (d, Jor = 235.1 Hz). F NMR (470 MHz, CDCL,): §
38.35—-38.40 (m, 1F), 95.17 (s, 3F). IR (KBr): 3407, 3055, 1655,
1616, 1531, 1496, 1458, 1426, 1331, 1272, 1211, 910, 750, 695 cm ™.
HRMS (ESI): m/z calcd for [M + H]* C;,H,F4N 306.09059, found
306.09359.

(E)-2-Methyl-3-(3,3,3-trifluoro-1-phenylprop- 1-en-2-yl)-1H-indole
((E)-3am). Isolated yield: 84% (43 mg after silica gel chromatography).
White solid. The pure product was obtained after recrystallization from
diethyl ether at room temperature. Mp: 111—-112 °C. '"H NMR (500
MHz, CDCl,): 6 2.13 (s, 3H), 7.05—7.19 (m, 7H), 7.33 (d, J = 8.5 Hz,
1H), 7.41-7.42 (m, 1H), 7.47 (d, J = 7.5 Hz, 1H), 8.02 (s, 1H). *C
NMR (125 MHz, CDCL,): & 11.9, 104.7, 110.4, 119.3, 120.3, 121.7,
123.5(q, Jor = 30.1 Hz), 124.4 (q, Jcr = 273.4 Hz), 128.3, 128.8, 129.3,
133.8, 134.3, 135.5, 135.7 (q, Jcr = 6.0 Hz). ’F NMR (470 MHg,
CDCLy): 6 95.90 (s, 3F). IR (KBr): 3387, 3071, 2922, 1654, 1618,
1561, 1460, 1382, 1273, 1101, 933, 832, 752, 688 cm™'. HRMS (ESI):
m/z caled for [M — H]™ C,H,3F;N 300.10000, found 300.09868.

(E)-2-Phenyl-3-(3,3,3-trifluoro-1-phenylprop-1-en-2-yl)-1H-indole
((E)-3an). Isolated yield: 85% (52 mg after silica gel chromatography).
White solid. The pure product was obtained after recrystallization from
diethyl ether at room temperature. Mp: 165—166 °C. "H NMR (500
MHz, CDCly): § 7.03—7.04 (m, 4H), 7.07—7.14 (m, 2H), 7.18—7.30
(m, 4H), 7.37—7.44 (m, 4H), 7.51 (d, ] = 8.0 Hz, 1H), 8.28 (s, 1H).
BC NMR (125 MHz, CDCL): § 104.7, 110.9, 120.1, 120.8, 123.0,
123.5 (q, Jer = 30.6 Hz), 124.3 (q, Jor = 2744 Hz), 127.1, 1281,
128.3, 128.6, 128.7, 128.8, 129.3, 132.1, 134.1, 135.9, 136.3, 136.8 (q,
Jcr = 54 Hz). YF NMR (470 MHz, CDCL,): 6 96.43 (s, 3F). IR
(KBr): 3441, 3067, 1926, 1876, 1804, 1652, 1603, 1550, 1490, 1387,
926, 832, 608 cm ™. HRMS (ESI): m/z calcd for [M + H]* C,3H,,F3N
364.13131, found 364.13425.

(E)-1-Methyl-3-(3,3,3-trifluoro-1-phenylprop- 1-en-2-yl)-1H-indole
((E)-3ao). Isolated yield: 89% (46 mg after silica gel chromatography).
White solid. The pure product was obtained after recrystallization from
diethyl ether at room temperature. Mp: 78—79 °C. 'H NMR (500
MHz, CDCL): 6 3.83 (s, 3H), 6.94—6.97 (m, 1H), 7.07—7.23 (m,
8H), 7.32—7.33 (m, 2H). 3C NMR (125 MHz, CDCl,): § 32.8, 106.1,
109.4, 119.8, 120.5, 122.0, 123.0 (q, Jor = 30.1 Hz), 1243 (q, Jex =
273.4 Hz), 126.4, 128.1, 128.5, 1289, 129.7, 132.8 (q, Jcr = 5.9 Hz),
134.4, 136.9. ’F NMR (470 MHz, CDCl,): 6 95.28 (s, 3F). IR (KBr):
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3448, 1638, 1537, 1476, 1335, 1295, 1272, 1153, 1110, 933, 903, 745,
694 cm™'. HRMS (ESI): m/z caled for [M + H]* CgH,F3N
302.11566, found 302.11818. Recrystallization from Et,O gave a single
crystal, which is a suitable for X-ray study. See Figure S1 (CCDC
1521079) in the Supporting Information.
(E)-1,2-Dimethyl-3-(3,3,3-trifluoro-1-phenylprop-1-en-2-yl)-1H-
indole ((E)-3ap). Isolated yield: 87% (47 mg after silica gel
chromatography). White solid. The pure product was obtained after
recrystallization from diethyl ether at room temperature. Mp: 93—94
°C. '"H NMR (500 MHz, CDCl,): § 2.12 (s, 3H), 3.68 (s, 3H), 7.03—
7.24 (m, 7H), 7.31 (d, J = 7.5 Hz, 1H), 7.41 (s, 1H), 7.47 (d, ] = 8.5
Hz, 1H). °C NMR (125 MHz, CDCl,): § 10.6, 29.8, 103.8, 108.8,
1192, 119.9, 121.2, 1239 (q, Jcr = 30.1 Hz), 124.5 (q, Jcr = 273.5
Hz), 127.4, 128.3, 128.7, 129.3, 134.4, 135.5, 135.6 (q, Jcr = 6.0 Hz),
137.0. ’F NMR (470 MHz, CDCl;): 6 95.87 (s, 3F). IR (KBr): 1474,
1391, 1331, 1273, 1219, 1152, 1106, 1015, 936, 920, 832, 743, 695
cm™'. HRMS (ESI): m/z calcd for [M + H]* C;oH,,F;N 316.13131,
found 316.13040.
(E)-1-Methyl-3-(3,3,3-trifluoro-1-phenylprop-1-en-2-yl)-1H-pyr-
role ((E)-3aq). Isolated vyield: 39% (17 mg after silica gel
chromatography). Colorless oil. '"H NMR (500 MHz, CDCL): §
3.61 (s, 3H), 5.95 (s, 1H), 6.51-6.52 (m, 1H), 6.58 (s, 1H), 7.02 (s
1H), 7.23—7.34 (m, SH). *C NMR (125 MHz, CDCl,): § 36.2, 109.8,
114.0, 122.0, 124.2 (q, Jcz = 2734 Hz), 1254 (q, Jop = 30.1 Hz),
128.1, 128.2, 129.5, 129.9 (q, Jcr = 5.9 Hz), 135.1. ’F NMR (470
MHz, CDCL,): § 94.91 (s, 3F). IR (neat) 1384, 1278, 1155, 1111, 928,
761, 722, 694 cm™'. HRMS (ESI): m/z caled for [M — H]~
C,,H,,F;N 250.08435, found 250.08208.
(E)-1-Methyl-2-(3,3,3-trifluoro-1-phenylprop-1-en-2-yl)-1H-pyr-
role ((E)-3aq’). Isolated yield: 58% (25 mg after silica gel
chromatography). Colorless oil. '"H NMR (500 MHz, CDCLy): §
3.14 (s, 3H), 6.22—6.26 (m, 2H), 6.68 (s, 1H), 6.85—6.87 (m 2H),
7.19=7.31 (m, 4H). *C NMR (125 MHz, CDCL,): § 33.6, 108.4,
110.7, 121.2 (q, Jog = 30.1 Hz), 122.8, 123.6 (q, Jcr = 272.3 Hz),
123.7, 128.7, 129.4, 129.5, 133.7, 136.1 (q, Jer = 5.9 Hz). F NMR
(470 MHz, CDCly): § 95.35 (s, 3F). IR (neat) 2972, 1738, 1384,
1275, 1216, 1151, 1117, 723, 693, 536, 460 cm™'. HRMS (ESI): m/z
caled for [M + H]* C4H3F;N 252.10001, found 252.10070.
(E)-3-(3,3,3-Trifluoro- 1-(4-methoxyphenyl)prop-1-en-2-yl)-1H-in-
dole ((E)-3ba). Isolated yield: 63% (34 mg after silica gel
chromatography). White solid. The pure product was obtained after
recrystallization from diethyl ether at room temperature. Mp: 136—
137 °C. 'H NMR (500 MHz, CDCL,): § 3.69 (s, 3H), 6.59—6.61 (m,
2H), 6.99—7.02 (m, 1H), 7.06—7.08 (m, 2H), 7.17—=7.24 (m, 3H),
7.30 (s, 1H), 7.38 (d, ] = 8.0 Hz, 1H), 8.28 (s, 1H). 3C NMR (125
MHz, CDCL,): 6 55.1, 108.1, 111.2, 113.6, 120.3, 120.3, 120.4 (q, Jcr =
30.1 Hz), 122.5, 124.2, 124.4 (q, Jop = 2734 Hz), 1262, 126.8, 131.3,
133.2 (q, Jor = 5.9 Hz), 136.0, 159.8. ’F NMR (470 MHz, CDCLy): §
95.49 (s, 3F). IR (KBr): 3392, 3121, 1603, 1575, 1542, 1512, 1421,
1316, 1273, 1107, 1022, 921, 831, 750 cm™'. HRMS (ESI): m/z calcd
for [M + H]* C;gH,sF;NO 318.11058, found 318.11087.
(E)-3-(1-(Benzo[d][1,3]dioxol-5-yl)-3,3,3-trifluoroprop- 1-en-2-yl)-
1H-indole ((E)-3ca). Isolated yield: 66% (37 mg after silica gel
chromatography). White solid. The pure product was obtained after
recrystallization from diethyl ether at room temperature. Mp: 93—94
°C. 'H NMR (500 MHz, CDCl,): § 5.82 (s, 2H), 6.54 (s, 1H), 6.60
(d, J = 8.0 Hz 1H), 6.76 (d, ] = 8.0 Hz 1H), 7.03 (t, ] = 8.0 Hz, 1H),
7.20 (t, ] = 7.0 Hz, 1H), 7.23—7.33 (m, 3H), 7.39 (d, ] = 7.5 Hz, 1H),
8.30 (s 1H). 3C NMR (125 MHz, CDCL,): § 101.0, 107.6, 108.0,
108.8, 111.3, 120.1, 120.2, 120.9 (q, Jc = 30.1 Hz), 122.6, 124.3, 124.4
(q Jor = 273.4 Hz), 1254, 126.0, 128.3, 129.6, 133.2 (q, Jcr = 5.9 Hz),
133.9, 136.0, 147.3, 147.9. ’F NMR (470 MHz, CDCL,): § 95.36 (s,
3F). IR (KBr): 3402, 1708, 1490, 1447, 1356, 1241, 1162, 1110, 1039,
914, 746 cm™'. HRMS (ESI): m/z caled for [M — H]™ C;gH,,F;NO,
330.07418, found 330.07171.
(E)-3-(1-(4-Chlorophenyl)-3,3,3-trifluoroprop- 1-en-2-yl)-1H-in-
dole ((E)-3da). Isolated yield: 72% (39 mg after silica gel
chromatography). White solid. The pure product was obtained after
recrystallization from diethyl ether at room temperature. Mp: 113—
114 °C. 'H NMR (500 MHz, CDCl,): 6 6.99—7.30 (m, 10H), 7.36—
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7.41 (m, 1H), 8.33 (s, 1H). '*C NMR (125 MHz, CDCL;): § 107.5,
111.3, 1202, 120.5, 122.7, 123.6 (q, Jcg = 30.1 Hz), 124.0 (q, Jc5 =
273.5 Hz), 124.4, 125.7, 1284, 130.9, 132.1 (q, Jcr = 6.0 Hz), 132.7,
134.4, 136.0. ’F NMR (470 MHz, CDCL,): § 95.04 (s, 3F). IR (KBr):
3419, 3127, 3062, 1906, 1654, 1593, 1569, 1540, 1489, 1421, 1309,
930, 834 cm™. HRMS (ESI): m/z caled for [M + H]* C;,H,,CIF;N
322.06104, found 322.06166.
(E)-3-(3,3,3-Trifluoro-1-(4-(trifluoromethyl)phenyl)prop-1-en-2-
yl)-1H-indole ((E)-3ea). Isolated yield: 93% (56 mg after silica gel
chromatography). Colorless oil. 'H NMR (500 MHz, CDCL,): & 7.00
(t, ] = 7.0 Hz, 1H), 7.14 (d, J = 7.5 Hz, 1H), 7.19 (t, ] = 8.0 Hz, 1H),
7.23—7.24 (m, 3H), 7.32—7.40 (m, 4H), 8.28 (s, 1H). '3C NMR (125
MHz, CDCL): § 107.2, 1114, 120.1, 120.6, 122.9, 123.8 (q, Jcr =
272.4 Hz), 1239 (q, Jor = 273.5 Hz), 124.6, 125.1 (q, Jcr = 4.8 Hz),
125.6 (q, Jcr = 30.1 Hz), 125.7, 129.7, 130.2 (q, Jcg = 32.4 Hz), 131.8
(q Jer = 5.9 Hz), 136.0, 137.9. F NMR (470 MHz, CDCL,): 5 94.94
(s, 3F), 98.93 (s, 3F). IR (neat) 3409, 1709, 1617, 1536, 1324, 1273,
1121, 1066, 1017, 923, 834, 745, 715 cn™. HRMS (ESI): m/z calcd
for [M + H]* CsH,,F¢N 356.08740, found 356.08499.
(E)-3-(3,3,3-Trifluoro-1-(naphthalen-1-yl)prop-1-en-2-yl)-1H-in-
dole ((E)-3fa). Isolated yield: 98% (S6 mg after silica gel
chromatography). Colorless oil. '"H NMR (500 MHz, CDCly): §
6.78 (t, ] = 7.5 Hz, 1H), 6.97—7.08 (m, 3H), 7.16 (d, ] = 7.5 Hz, 1H),
721 (s, 1H), 7.26 (t, ] = 8.0 Hz, 1H), 7.52 (t, ] = 7.5 Hz, 1H), 7.58—
7.64 (m, 2H), 7.82 (d, J = 8.0 Hz, 1H), 7.96 (s, 1H), 8.15—8.16 (m,
2H). 3C NMR (125 MHz, CDCl,): § 107.9, 111.1, 120.1, 122.3,
123.8, 124.3 (q, Jop = 274.7 Hz), 124.9, 125.1, 125.5 (q, Jcr = 30.1
Hz), 125.8, 126.0, 126.5, 126.9, 128.6, 128.7, 131.0 (q, Jcr = 6.0 Hz),
131.6, 131.7, 133.3, 135.7. ’F NMR (470 MHz, CDCL,): § 96.05 (s,
3F). IR (neat) 3420, 3059, 1618, 1533, 1457, 1342, 1279, 1157, 1013,
872, 800, 744, 694 cm™'. HRMS (ESI): m/z calcd for [M] C,,H,FsN
338.11566, found 338.11664.
(E)-3-(3,3,3-Trifluoro-1-(o-tolyl)prop-1-en-2-yl)-1H-indole ((E)-
3ga). Isolated yield: 90% (46 mg after silica gel chromatography).
Colorless oil. '"H NMR (500 MHz, CDCL,): 6 2.41 (s, 3H), 6.70 (t, ] =
7.5 Hz, 1H), 6.92 (t, ] = 7.5 Hz, 1H), 7.01 (t, ] = 7.5 Hz, 1H), 7.07 (d,
] =8.0Hz, 1H), 7.11 (t, ] = 8.0 Hz, 2H), 7.17—7.18 (m, 1H), 7.28 (d,
J = 8.5 Hz, 1H), 7.47 (s, 1H), 8.11 (s, 1H). 3C NMR (125 MHz,
CDCly): 6 20.0, 108.0, 111.1, 120.1, 122.3, 1242 (q, Jcr = 30.1 Hz),
1242 (q, Jor = 30.1 Hz), 1243 (q, Jor = 273.5 Hz), 124.8, 1254,
126.0, 128.2, 128.7, 130.0, 131.7 (q, Jcr = 5.9 Hz), 133.9, 135.8, 136.8.
F NMR (470 MHz, CDCL): § 95.94 (s, 3F). IR (neat) 3396, 3018,
1928, 1656, 1615, 1601, 1532, 1481, 1457, 1381, 1273, 921, 831, 744
cm™, HRMS (ESI): m/z caled for [M + H]* CgH,F;N 302.11566,
found 302.11799.
(E)-3-(1-(Benzo[d][1,3]dioxol-5-yl)-3,3,3-trifluoroprop-1-en-2-yl)-
1-methyl-1H-indole ((E)-3co). Isolated yield: 76% (4S mg after silica
gel chromatography). Colorless oil. '"H NMR (500 MHz, CDCL): §
3.78 (s, 3H), 5.78 (s, 2H), 6.57—6.59 (m, 2H), 6.75 (d, ] = 8.5 Hz,
1H), 7.00 (t, J = 7.0 Hz, 1H), 7.11 (s, 1H), 7.14—7.21 (m, 3H), 7.31
(d, J = 8.0 Hz, 1H) 6.92 (t, ] = 7.5 Hz, 1H), 7.01 (t, ] = 7.5 Hz, 1H),
7.07 (d, J = 8.0 Hz, 1H), 7.12 (t, ] = 8.0 Hz, 2H), 7.65 (d, ] = 8.0 Hz,
2H). 3C NMR (125 MHz, CDCl,): § 32.8, 101.0, 106.0, 108.0, 109.0,
109.5, 119.9, 120.3, 121.0 (q, Jop = 30.1 Hz), 122.1, 1244 (q, Jop =
273.5 Hz), 125.2, 126.5, 128.5, 128.7, 132.5 (q, Jcr = 4.8 Hz), 137.0,
147.4, 147.9. F NMR (470 MHz, CDCL,): § 95.58 (s, 3F). IR (neat)
2897, 1615, 1535, 1489, 1447, 1337, 1288, 1243, 1209, 1158, 1039,
932, 811, 742, 710 cm™'. HRMS (ESI): m/z caled for [M — H]™
CyoH,,F;NO, 344.08983, found 344.08904.
(E)-1-Methyl-3-(3,3,3-trifluoro-1-(4-(trifluoromethyl)phenyl)prop-
1-en-2-yl)-1H-indole ((E)-3eo). Isolated yield: 89% (56 mg after silica
gel chromatography). White solid. The pure product was obtained
after recrystallization from diethyl ether at room temperature. Mp:
118—119 °C. '"H NMR (500 MHz, CDCL,): 6 3.82 (s, 3H), 6.96—6.99
(m, 1H), 7.04—7.07 (m, 1H), 7.15 (s, 1H), 7.19—7.27 (m, 3H), 7.33—
7.34 (m, 4H). ®C NMR (125 MHz, CDCl,): § 33.1, 105.5, 109.6,
120.2, 120.3, 122.6, 123.9 (q, Jor = 272.3 Hz), 124.0 (q, Jcr = 2747
Hz), 125.1 (q, Jcr = 3.6 Hz), 125.6 (q, Jor = 30.1 Hz), 126.1, 129.1,
129.8, 130.1 (q, Jcr = 32.3 Hz), 131.0 (q, Jcr = 4.8 Hz), 137.0, 138.1.
F NMR (470 MHz, CDCL;): 6 95.02 (s, 3F), 98.98 (s, 3F). IR
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(KBr): 3118, 1648, 1535, 1401, 1323, 1275, 1168, 1116, 1065, 1018,
881, 830, 741, 655 cm™. HRMS (ESI): m/z calcd for [M + H]*
C,oH,F¢N 370.10305, found 370.10331.
(E)-1-Methyl-3-(3,3,3-trifluoro-1-(naphthalen-1-yl)prop-1-en-2-
yl)-1H-indole ((E)-3fo). Isolated yield: 76% (4S5 mg after silica gel
chromatography). White solid. The pure product was obtained after
recrystallization from diethyl ether at room temperature. Mp: 127—
128 °C. 'H NMR (500 MHz, CDCL,): § 3.66 (s, 3H), 6.70—6.72 (m,
1H), 6.88 (s, 1H), 6.98—7.22 (m, SH), 7.49—7.60 (m, 3H), 7.79 (s,
1H), 7.91 (s, 1H), 8.15 (s, 1H). 3C NMR (125 MHz, CDCl,): § 32.9,
106.2, 109.2, 119.7, 120.3, 121.8, 123.8, 124.4 (q, Jc = 273.5 Hz),
125.1, 125.3 (q, Jor = 30.1 Hz), 125.9, 126.3, 126.5, 127.0, 128.5,
128.7, 129.4, 130.0, 131.8 (q, Jcr = 4.8 Hz), 133.4, 136.8. ’F NMR
(470 MHz, CDCly): § 96.13 (s, 3F). IR (KBr): 1530, 1475, 1340,
1282, 1152, 1113, 1015, 924, 900, 798, 779, 739, 697 cm™'. HRMS
(ESI): m/z caled for [M + H]" C,H;;F;N 352.13131, found
352.13271.
(E)-1-Methyl-3-(3,3,3-trifluoro-1-(naphthalen-2-yl)prop-1-en-2-
yl)-1H-indole ((E)-3ho). Isolated yield: 82% (49 mg after silica gel
chromatography). White solid. The pure product was obtained after
recrystallization from diethyl ether at room temperature. Mp: 133—
134 °C. 'H NMR (500 MHz, CDCl,): 6 3.82 (s, 3H), 691 (t, ] = 7.5
Hz, 1H), 7.14—7.19 (m, 4H), 7.33 (d, ] = 8.5 Hz, 1H), 7.37—7.42 (m,
3H), 7.46 (s, 1H), 7.60—7.65 (m, 2H), 7.74 (s, 1H). *C NMR (125
MHz, CDCl,): 6 33.0, 106.2, 109.4, 120.1, 120.5, 122.1, 123.2 (q, Jop =
30.0 Hz), 124.3 (q, Jor = 280.7 Hz), 126.0, 126.1, 126.6, 126.7, 127.5,
12822, 129.1, 130.5, 132.2, 132.8 (q, Jcr = 6.0 Hz), 133.0, 133.1, 136.9.
F NMR (470 MHz, CDCl,): § 95.50 (s, 3F). IR (KBr): 1535, 1476,
1428, 1355, 1270, 1181, 1152, 1101, 921, 822, 738, 697 cm™'. HRMS
(ESI): m/z caled for [M + H]" Cp,H;,F;N 352.13131, found
352.1285S.
(E)-1-Methyl-3-(3,3,3-trifluoro-1-(o-tolyl)prop-1-en-2-yl)-1H-in-
dole ((E)-3go). Isolated yield: 75% (40 mg after silica gel
chromatography). Colorless oil. '"H NMR (500 MHz, CDCL): §
241 (s, 3H), 3.75 (s, 3H), 6.71 (t, J = 7.5 Hz, 1H), 6.89—7.02 (m,
4H), 7.11-7.13 (m, 3H), 7.22—7.37 (m, 2H), 7.42 (s, 1H). *C NMR
(125 MHz, CDCl,): § 20.0, 33.0, 106.2, 109.2, 119.7, 120.4, 121.8,
124.1 (q, Jor = 30.1 Hz), 1243 (q, Jor = 272.4 Hz), 125.4, 126.4,
128.1, 128.7, 129.3, 129.9, 130.8 (q, Jcr = 6.0 Hz), 134.0, 136.8. “F
NMR (470 MHz, CDCly): § 95.95 (s, 3F). IR (neat) 2925, 1638,
1530, 1458, 1429, 1273, 1109, 941, 910, 846, 744 cm ™. HRMS (ESI):
m/z caled for [M + H]* CyH;,F;N 316.13131, found 316.13241.
(E)-3-(1,1,1-Trifluoro-5-phenylpent-2-en-2-yl)-1H-indole ((E)-3ia).
Isolated yield: 65% (35 mg after silica gel chromatography). Colorless
oil. 'H NMR (500 MHz, CDCL,): § 2.34—2.40 (m, 2H), 2.71 (t, ] =
7.0 Hz, 2H), 6.59 (td, ] = 7.5 Hz, 1.5 Hz, 1H), 6.98—6.99 (m, 1H),
7.05 (d, ] = 7.0 Hz, 2H), 7.13—7.18 (m, 4H), 7.21-7.26 (m, SH),
7.39—7.41 (m, 2H), 824 (s, 1H). *C NMR (125 MHz, CDCL,): §
30.5, 34.8, 107.0, 111.3, 119.5, 120.2, 122.3, 123.8 (q, Jog =272.3 Hz),
124.3, 124.4 (q, Jor = 30.1 Hz), 126.0, 127.0, 128.3, 128.4, 135.5, 137.1
(g, Jer = 6.0 Hz), 140.8. ’F NMR (470 MHz, CDCL,): § 95.10 (s,
3F). IR (neat) 3394, 3010, 2933, 2840, 1888, 1793, 1661, 1583, 1509,
1439, 1332, 1213, 935, 820, 692 cm™". HRMS (ESI): m/z calcd for [M
+ H]* C,yH,,F;N 316.13131, found 316.13431.

B ASSOCIATED CONTENT

© Supporting Information

The Supporting Information is available free of charge on the
ACS Publications website at DOI: 10.1021/acs.joc.6b03085.

'H, BC, and F NMR spectra for all products (PDF)
X-ray crystallographic data for product (E)-3ao (CIF)

B AUTHOR INFORMATION
Corresponding Author

*E-mail: kawatsur@chs.nihon-u.acjp.
ORCID

Motoi Kawatsura: 0000-0002-8341-6866

DOI: 10.1021/acs.joc.6b03085
J. Org. Chem. 2017, 82, 2281-2287


http://pubs.acs.org
http://pubs.acs.org/doi/abs/10.1021/acs.joc.6b03085
http://pubs.acs.org/doi/suppl/10.1021/acs.joc.6b03085/suppl_file/jo6b03085_si_001.pdf
http://pubs.acs.org/doi/suppl/10.1021/acs.joc.6b03085/suppl_file/jo6b03085_si_002.cif
mailto:kawatsur@chs.nihon-u.ac.jp
http://orcid.org/0000-0002-8341-6866
http://dx.doi.org/10.1021/acs.joc.6b03085

The Journal of Organic Chemistry

Notes
The authors declare no competing financial interest.

B ACKNOWLEDGMENTS

This work was supported by a Grant-in-Aid for Challenging
Exploratory Research from the Japan Society for the Promotion
of Science and Individual Research Expense of College of
Humanities and Sciences at Nihon University.

B REFERENCES

(1) (a) Wang, J; Sanchez-Rosell, M.; Acefia, J. L; del Pozo, C;
Sorochinsky, A. E.; Fustero, S.; Soloshonok, V. A.; Liu, H. Chem. Rev.
2014, 114, 2432—2506. (b) Purser, S.; Moore, P. R;; Swallow, S.;
Gouverneur, V. Chem. Soc. Rev. 2008, 37, 320—330. (c) Miiller, K;
Faeh, C.; Diederich, F. Science 2007, 317, 1881—1886. (d) Kirk, K. L. J.
Fluorine Chem. 2006, 127, 1013—1029. (e) Bégué, J.-P.; Bonnet-
Delpon, D. J. Fluorine Chem. 2006, 127, 992—1012. (f) Isanbor, C.;
O’Hagan, D. J. Fluorine Chem. 2006, 127, 303—319.

(2) For reviews, see: (a) Clarke, S. L.; McGlacken, G. P. Chem. - Eur.
J. 2016, DOL: 10.1002/chem.201602511. (b) Koike, T.; Akita, M. Acc.
Chem. Res. 2016, 49, 1937—194S. (c) Gao, P.; Song, X.-R.; Liu, X.-Y,;
Liang, Y.-M. Chem. - Eur. J. 2015, 21, 7648—7661. (d) Wang, S.-M.;
Han, J.-B.; Zhang, C.-P.; Qin, H.-L.; Xiao, ].-C. Tetrahedron 2015, 71,
7949—7976. (e) Alonso, C.; Martinez de Marigorta, E.; Rubiales, G.;
Palacios, F. Chem. Rev. 2015, 115, 1847—193S. (f) Charpentier, J;
Frith, N.; Togni, A. Chem. Rev. 2015, 115, 650—682. (g) Liu, X.; Xu,
C.; Wang, M.; Liu, Q. Chem. Rev. 2018, 115, 683—730. (h) Yang, X
Wu, T.; Phipps, R. J.; Toste, F. D. Chem. Rev. 2018, 115, 826—870 and
references cited therein.

(3) (a) Kawatsura, M.; Wada, S.; Hayase, S.; Itoh, T. Synlett 2006,
2006, 2483—2485. (b) Isa, K,; Minakawa, M.; Kawatsura, M. Chem.
Commun. 2015, 51, 6761—6764.

(4) (a) Yamamoto, M.; Hayashi, S.; Isa, K.; Kawatsura, M. Org. Lett.
2014, 16, 700—703. (b) Nomada, E.; Watanabe, H.; Yamamoto, M.;
Udagawa, T.; Zhou, B.; Kobayashi, A.; Minakawa, M.; Kawatsura, M.
Synlett 2014, 25, 1725—1730. (c) Kuki, S.; Futamura, T.; Suzuki, R;
Yamamoto, M.; Minakawa, M.; Kawatsura, M. Synlett 2018, 26, 1715—
1719. (d) Udagawa, T.; Kogawa, M. Tsuchi, Y.; Watanabe, H;
Yamamoto, M.; Kawatsura, M. Tetrahedron Lett. 2017, 58, 227—230.

(5) (a) Kawatsura, M.; Hirakawa, T.; Tanaka, T.; Ikeda, D.; Hayase,
S.; Itoh, T. Tetrahedron Lett. 2008, 49, 2450—2453. (b) Hirakawa, T.;
Ikeda, K; Ogasa, H.; Kawatsura, M.; Itoh, T. Synlett 2010, 2010,
2887—2890. (c) Hirakawa, T.; Ikeda, K; Ikeda, D.; Tanaka, T.; Ogasa,
H.; Kawatsura, M.; Itoh, T. Tetrahedron 2011, 67, 8238—8247.
(d) Hirakawa, T.; Kawatsura, M.; Itoh, T. J. Fluorine Chem. 2013, 152,
62—69. (e) Kawatsura, M.; Terasaki, S.; Minakawa, M.; Hirakawa, T.;
Ikeda, K; Itoh, T. Org Lett. 2014, 16, 2442—244S. (f) Ikeda, K;
Futamura, T.; Hanakawa, T.; Minakawa, M, Kawatsura, M. Org.
Biomol. Chem. 2016, 14, 3501—3503.

(6) (a) Lu, Z; Ma, S. Angew. Chem,, Int. Ed. 2008, 47, 258—297.
(b) Grange, R; Clizbe, E. A.; Evans, P. A. Synthesis 2016, 48, 2911—
2968 and references cited therein.

(7) (a) Hegedus, L. S.; Darlington, W. H.; Russell, C. E. J. Org. Chem.
1980, 45, 5193—5196. (b) Hoffmann, H. M. R;; Otte, A. R;; Wilde, A,;
Menzer, S.; Williams, D. J. Angew. Chem.,, Int. Ed. Engl. 1995, 34, 100—
102. (c) Formica, M.; Musco, A.; Pontellini, R.; Linn, K; Mealli, C. J.
Organomet. Chem. 1993, 448, C6—C9. (d) Satake, A.; Koshino, H.;
Nakata, T. Chem. Lett. 1999, 28, 49—50. (e) Grigg, R.; Kordes, M. Eur.
J. Org. Chem. 2001, 2001, 707—712. (f) Shintani, R.; Park, S.; Hayashi,
T. J. Am. Chem. Soc. 2007, 129, 14866—14867. (g) Liu, W.; Chen, D;
Zhu, X.-Z.; Wan, X.-L.; Hou, X.-L. J. Am. Chem. Soc. 2009, 131, 8734—
8735 and references cited therein.

(8) The structure of (E)-3a0 was confirmed by X-ray crystallographic
analysis (CCDC 1521079). See the Supporting Information for details.

(9) We also examined reactions with heteroaromatic compounds,
such as furan, benzofuran, thiophene, benzothiophene, indazole, or
benzimizadole, but all reactions provided complex mixtures.

2287

(10) We examined the reaction 2-fluoro-1-phenylallylic carbonate,
which does not have two terminal fluorine atoms, with indole under
the optimized reaction conditions and then confirmed that the
reaction did not provide any coupling products. This result indicates
that the three fluorine atoms on the terminal olefin are necessary to
progress the present reaction.

(11) (a) Takagi, Y,; Nakatani, T.; Itoh, T.; Oshiki, T. Tetrahedron
Lett. 2000, 41, 7889—7892. (b) Takagi, Y.; Kashiwagi, M.; Kihara, H.;
Itoh, T. Tetrahedron Lett. 1999, 40, 2801—2802.

(12) (a) White, D. A. Inorg. Synth. 1972, 13, 55—65. (b) Murrall, N.
W.; Welch, A. J. J. Organomet. Chem. 1986, 301, 109—130.

DOI: 10.1021/acs.joc.6b03085
J. Org. Chem. 2017, 82, 2281-2287


http://dx.doi.org/10.1002/chem.201602511
http://pubs.acs.org/doi/suppl/10.1021/acs.joc.6b03085/suppl_file/jo6b03085_si_001.pdf
http://dx.doi.org/10.1021/acs.joc.6b03085

