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The palladium-catalyzed annulation reaction of a variety of
fluorine-containing internal alkynes with 2-iodoaniline deriva-
tives took place smoothly to give the corresponding 2,3-disubsti-
tuted indole derivatives in good to excellent yields.

Indole derivatives, widely distributed in nature as the amino
acid tryptophan, its metabolites, and indole alkaloids, are very
useful as lead compounds for the discovery or development of
novel biologically active compounds, as they are known to have
various significant biological activities.! Consequently, much ef-
fort has been done for developing a new methodology for the
construction of such molecules.? In the field of medicinal chem-
istry, on the other hand, introduction of a fluoroalkyl group into
lead molecules has been employed as one of the most efficient
methods for modification of the lead compounds in view of
the biological activity.® It is not surprising, therefore, that fluo-
roalkylated indole derivatives have attracted much attention of
many synthetic chemists thus far. There have been several syn-
thetic methods for the fluoroalkylated indole derivatives. For ex-
ample, fluoroalkylated indoles are prepared by direct fluoroalky-
lation of indoles with perfluoroalkanoyl peroxides* or
perfluoroalkyl halides.’ However, the direct fluoroalkylation
very often suffers from poor yields of the desired fluoroalkylin-
doles. Although, the thermolysis of 2-(N-trifluoroacetylamino)-
benzylphosphonium salts® or the intramolecular cyclization of
N-trifluoroacetyl-p-benzoquinone imine’ gives the desired in-
doles in good yields, multi-step preparations are required for
the starting substrates. Such drawbacks actually make these
methods less attractive. Herein we wish to describe a practical
and facile synthesis of fluoroalkylated indole derivatives by
the palladium-catalyzed annulation of internal alkynes possess-
ing a fluoroalkyl group.®

The palladium-catalyzed reaction of trifluoromethylated
acetylene 12’ (R = p-CIC¢H,) and 2-iodoaniline was chosen
for our initial investigation of the annulation process. Thus, to
a solution of 10 mol % of Pd(PPhs), and 1.0 equiv. of Et;N in
DMF (4 mL) was added 1.0 equiv. each of 1a and 2-iodoaniline,
and the mixture was heated at 80 °C for 4 h. As a result, the re-
gioisomers 2a and 3a were obtained in 39% yield in a ratio of
69:31,'0 the starting material being recovered in 52% yield
(Table 1, Entry 1). The addition of 2.0 equiv. of aniline resulted
in the formation of 2a and 3a in a higher regioselective manner
in 51% yield. Additionally, increasing the amount of palladium
catalyst brought about higher yield (75%), though 11% of 1a still
remained unreacted. Eventually, the starting material was com-
pletely consumed when the reaction was performed for 8 h, the
mixture of 2a and 3a being afforded in 85% yield in a ratio of
78:22. We next examined the effect of ligand on palladium as

Table 1. Investigation of the reaction conditions

|
- X

NH,
Pd(PPhy),

FsC
1a

Et;N (1.0 equiv.)

DMF, 80 °C, Time

R = p-CIC¢H,

2a 3a
Aniline  Pd(PPh3), ) Yield* /% Ratio® Recovery® /%
Entry oquiv.  /mol%  TiMe/M raa 4 30 (2a:3a) of 1a
1 1 10 4 39 69:31 52
2 2 10 4 51 78:22 37
3 2 20 4 75 77:23 11
4 2 20 8 85(79) 78:22 0

aDetermined by '°F NMR. Value in parentheses is of isolated yield.
"Determined by '°F NMR.

shown in Table 2.

The use of tri(2-furyl)phosphine as a ligand led to a signifi-
cant decrease of the efficiency of the reaction, 2a and 3a being
formed in only 20% yield, together with a large amount of un-
reacted 1a (Entry 2). In sharp contrast to the result in Entry 1,
the palladium catalyst prepared from Pd,(dba);-CHCl; and PPhs
gave a low yield of the desired products, strongly suggesting that
dba ligand may decrease the efficiency of the reaction (Entry 3).
In the case of tri(tert-butyl)phosphine and tri(o-tolyl)phosphine,
the annulation took place smoothly to give the corresponding in-
dole derivatives in excellent yield, but, the regioselectivity de-
creased significantly. In particular, 3a was produced preferen-
tially (2a:3a = 34:66) when tri(o-tolyl)phosphine was
employed as a ligand (Entry 5).

Table 2. Screening of ligand

Yield*/% Ratio® Recovery®/%
of 2a + 3a (2a:3a) of 1a

Entry Catalyst/20 mol%

1 Pd(PPhs)s 85 (79) 78:22 0
2 1/2[Pdy(dba);-CHCI3] + 4P(2-furyl); 20 90:10 79
3 1/2[Pdy(dba);-CHCl5] + 4PPh; 33 88:12 55
4 1/2[Pdy(dba);-CHCly] + 4P(1-Bu)s 94 53:47 0
5 1/2[Pds(dba);-CHCl;] + 4P(0-Tol) 90 34:66 0

aDetermined by '’F NMR. Value in parentheses is of isolated yield.
"Determined by '°F NMR.

Next, the scope and limitations of this annulation reaction
were examined by allowing a wide variety of internal alkynes
to react with various 2-iodoanilines under optimized reaction
conditions (Table 2, Entry 1). The results are summarized in
Table 3. As can be seen in Entries 1-9, various fluorine-contain-
ing internal alkynes could participate nicely in the annulation re-
action. Thus, the alkynes bearing an electron-donating group
(Me, MeO) as R gave the corresponding indoles in good yields
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Table 3. The scope and limitations of palladium-catalyzed annulation of fluorine-containing internal alkynes

Pd(PPhy), (20 mol%)

R! I
- EtSN (1.0 equiv.)
Rf—"R + jij[ T DMF.80°C.8h j@j j@j
1 R? NH,

Entry Rf R R! R? Yield*/% of 2 + 3 Ratio® (2:3)
1 CF; p-CIC¢Hy H H 85 (79) 78:22
2¢ CF; p-MeCgHy H H 84 (81) 88:12
3¢ CF; Pp-MeOCgHy H H 79 (73) 91:9
4 CF; p-EtO,CC¢Hy H H 98 (92) 68:32
5 CF; p-O2NCgHy H H 70 (65) 53:47
6° CF; 0-CIC¢Hy H H 64 (59) 76:24
7 CF3 m-CIlCgHy H H 86 (80) 72:28
8 CF; Ph(CH,;)3 H H 53 (47) 81:19
9 CHF, p-CIC¢Hy H H 84 (70) 100:0

10¢ CF; p-CIC¢Hy Cl H 90 (79) 84:16
11 CF; p-CIC¢Hy CH3 H 85 (82) 81:19
12¢ CF; p-CIC¢Hy NO; H 61 (57) 84:16
13¢ CF3 p-CICeHy H OMe 68 (65) 88:12
144 CF; p-CIC¢Hy Cl Cl 87 (74) 84:16

“Determined by '°F NMR. Values in parentheses are of isolated yields.

with good regioselectivity.

Introduction of an electron-withdrawing group (CO,Et,
NOy) into benzene ring in 1 led to a decrease of the regioselec-
tivity, though the reaction took place smoothly (Entries 4 and 5).
It should be noted that the position of substituent on the benzene
ring in 1 influenced slightly on the reaction. Thus, the alkyne
having a chloro group at ortho position resulted in formation
of the desired product in 64% yield, whereas the corresponding
meta- or para-isomer afforded the satisfactory results (> 80%
yield) (Entry 6 vs Entries 1 and 7). The alkyne bearing an ali-
phatic side chain as R could also be applied for the annulation
reaction successfully (Entry 8). Additionally, changing a fluo-
roalkyl group from a CF; to a CHF, group caused the increase
of the regioselectivity. We also examined the annulation of 1a
with various 2-iodoaniline derivatives as shown in Entries 10—
14. It was found that no significant influence of the substituents
R! and R? of aniline ring was observed for the yield and the re-
gioselectivity, though prolonged reaction times were required.

In almost all cases (except for Entries 1, 6, and 7), 2a or 3a
could easily be obtained in a pure form by simple silicagel col-
umn chromatography.

The reaction presumably proceeds via (1) oxidative addition
of aryl iodide to Pd(0), (2) coordination of the alkyne 1 to the

R1
Rf(R)
2o0r 3 Reductive Oxidative
ellmlnatlon addition
mﬁf (R) Pd—'
Pd(ll) Rz NH,
Rf) 4
EtgN-HI ||) J\
KI W
EtN Rf——R

Scheme 1. Mechanism.

"Determined by '°F NMR. °Stirred for 24 h. 9Stirred for 48 h.

metal center of the arylpalladium intermediate 4 and subsequent
insertion into the Ar—Pd bond, (3) nitrogen displacement of the
halide in the resulting vinylic palladium intermediate to form a
six-membered heteroatom-containing palladacycle 5, and (4) re-
ductive elimination to form indoles 2 or 3 to regenerate Pd(0)
(Scheme 1).

In conclusion, we have accomplished the convenient synthe-
sis of fluoroalkylated indoles via palladium-catalyzed annulation
reaction of fluorine-containing alkynes. This method is applica-
ble for various types of fluorine-containing alkynes and 2-iodo-
aniline derivatives, leading to 2 and 3 as a separable mixture.
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