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An effective and practical palladium-catalyzed C2-acylation
method was successfully developed for the synthesis of 2-
acylindoles. A variety of 2-acylindoles were readily prepared
from N-pyrimidyl indoles in moderate to good yields. This

methodology offers several advantages, which include ease
of handling, mild reaction conditions, and use of an efficient
and cheap catalyst. In particular, challenging 2-acetylindoles
were synthesized in good yields.

Introduction

C-H functionalization of indoles, such as acylation,!
alkynylation” and alkenylation,?! occur preferentially at
the more reactive C3 position of indoles because of inherent
electronic bias.[¥l To alter the natural regioselectivity from
C3-H to the C2-H of indoles, suitable directing groups are
usually introduced into the NI position of the indole.>)
Transition-metal-catalyzed direct C—H bond functionaliza-
tion reactions recently emerged as a powerful method of
functionalizing indoles at the C2 position. Several transi-
tion metal complexes that contain palladium,® copper,!”!
cobalt,!® ruthenium,”! and rhodium,>>>419 have been ex-
plored as active catalysts in these reactions.

2-Acylindole derivatives are found in many natural prod-
ucts and biologically active molecules.!'!! The coupling of
nitrogen-protected 2-lithioindoles with acyl chloride is a

common method for their synthesis,'?l however, this
method suffers from air- and moisture-sensitive organo-
lithium reagents. In past decades, innovative methods have
been developed to synthesize 2-acylindoles under various
catalytic conditions. Beller and co-workers described an
efficient ruthenium-catalyzed carbonylative C—H-bond aryl-
ation process to provide 2-acylindole derivatives, however,
the essential use of carbon monoxide limits the application
of this method."31 Li and co-workers demonstrated oxidat-
ive C2 acylation of indoles by using an expensive rhodium
catalyst.['*l Recently, Saxena!'”! and Zhul'® reported palla-
dium-catalyzed decarboxylative C2 acylation of indoles by
using o-oxocarboxylic acids under different conditions.
Therefore, the pursuit of regioselective C—H acylation reac-
tions at the C2 position of indoles remains an extremely
attractive and challenging task for organic chemists. Cheng
and co-workers described Pd-catalyzed oxidative ortho-acyl-
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Scheme 1. Direct C2-acylation reaction of indoles through C—H bond functionalization.
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ation reactions between arene C—H bonds that bore conven-
tional directing groups and aldehydes as acyl reagents.['”]
Such ortho-acylation reactions were also realized by using
alcohols,!'8 carboxylic acids,!'”! benzylic ethers,?°! benzyl-
amines,”!! o-diketones,*?! a-oxocarboxylic acids,*?! or
toluene derivatives®¥ as acylation reagents. Inspired by
these strategies, we report herein efficient C2-acylation of
indoles that have an easily removable N-pyrimidyl group
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with a versatile palladium catalyst (Scheme 1). Our method
proceeds under mild conditions with easy operation and
broad substrate scope. In particular, challenging 2-acet-
ylindoles, which are key intermediates for pharmaceutical
products, are synthesized in good yields.

Results and Discussion

To begin we focused on the reaction of 1-(pyrimidin-2-
yl)-1H-indole (1a) with toluene in the presence of
Pd(OAc), and an oxidant (Table 1). To our disappointment,
only a low yield of the product was isolated in the presence
of tert-butyl hydroperoxide (TBHP) as oxidant (Table 1,
Entry 1). The optimization process of acylation of 1-(pyr-
imidin-2-yl)-1 H-indole (1a) with other acylation reagents,
such as benzylic ether, benzylamine, benzyl alcohol and
benzil, were investigated (Table 1, Entries 2-5). The acyl-
ation product could be obtained in 56% yield by reaction
of 1-(pyrimidin-2-yl)-1H-indole (1a) with benzil (2a) with
TBHP as the oxidant in tetrahydrofuran (THF; Table 1,
Entry 5). A systematic screening of the reaction conditions
was undertaken. When the catalyst loading was decreased
to 3 mol-%, the desired product was obtained at a lower
yield of 54% (Table 1, Entry 6). The ratio of 1-(pyrimidin-
2-yl)-1H-indole (1a) to TBHP played a critical role in the
reaction efficiency. For example, when this ratio was
changed from 1:3 to 1:4 and 1:6, the yields of the desired
products changed from 56 to 60 and 48%, respectively
(Table 1, Entries 5, 7, and 8). These results indicated that
the ratio of 1:4 was the best choice (Table 1, Entry 7). In
addition, the ratio of 2a relative to 1a was investigated, and
two equivalents of 2a provided the best result (Table 1, En-
tries 7 and 9). Other solvents were screened, and THF pro-
vided the highest yield (Table 1, Entries 9-13). No desired
product could be obtained in the absence of Pd(OAc),
(Table 1, Entry 14). Therefore, the standard conditions for
the Pd-catalyzed C2-acylation of indoles are as follows:
Pd(OAc), (5 mol-%) as catalyst, TBHP (4 equiv.) as oxi-
dant, benzil (2a; 2 equiv.) as partner of 1-(pyrimidin-2-yl)-
1 H-indole (1a), and reactions were performed at 100 °C in
THF without exclusion of air.

With optimized reaction conditions established, the
scope of various substrates was examined (Table 2). As
shown in Table 2, a-diaryl ketones that bear different sub-
stituted groups on the benzene rings, such as methyl, meth-
oxy, fluoro, and chloro, could react with 1-(pyrimidin-2-yl)-
1H-indole (1a) to afford products 3b-3f in moderate to
good yields (Table 2, Entries 2-6). a-Diaryl ketones that
possess electron-withdrawing groups (3¢ and 3f) gave higher
yields than those with electron-donating groups (3b, 3d, and
3e). For a-di(aliphatic)ketone derivatives the reaction also
proceeded well (Table 2, Entries 7 and 8). Under standard
reaction conditions, challenging 2,3-butanedione 2g and
3,4-hexanedione 2h also afforded products 3g and 3h in 67
and 71 % yields, respectively. This provides an efficient route
to the synthesis of 2-acetylindoles, which are key intermedi-
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Table 1. Optimization of the reaction conditions.

oD oo [
N cyl - .

o
)\N reagents TBHP
N™ N N \\)
1a 3a

Entry  Acyl Acyl reagents TBHP  Solvent Yield

reagents [mmol] [mmol] [Yo]t®!
1 PhMe - 1.2 - 200l
2 Bn,O 1.2 1.2 DCE n.r.
3 BnNH, 1.2 1.2 PhCl n.r.
4 BnOH 1.2 1.2 PhCl 40!l
5 benzil (2a) 0.5 1.2 THF 56
6 2a 0.5 1.2 THF 54kl
7 2a 0.5 1.6 THF 60
8 2a 0.5 2.4 THF 48
9 2a 0.8 1.6 THF 71
10 2a 0.8 1.6 PhCl n.r.
11 2a 0.8 1.6 DME 54
12 2a 0.8 1.6 dioxane 25
13 2a 0.8 1.6 PhMe 35
14 2a 0.8 1.6 THF n.r.f

[a] Reaction conditions: 1a (0.4 mmol), acyl reagents, TBHP
(ca.5.5Mm in decane), Pd(OAc), (0.02 mmol), solvent (1.6 mL),
100 °C, 24 h. [b] Isolated yield. [c] Toluene as solvent. [d] PdCl,
(0.02 mmol). [e] Pd(OAc), (0.012 mmol). [f] Without Pd. DCE =
dichloroethene; DME = dimethoxyethane.

Table 2. Scope of direct C2-acylation of 1-(pyrimidin-2-yl)-1H-ind-
oles with a-diketones.™!

AN o 5% Pd(OAc), = R2

2 TBHP A
N
N\/\) O THF

1a-1k 2a-2h 3a_3r
Entry R! 1 R2, 2 3 Yield [%)®
1 H.la C.Hs, 2a 3a 71
2 H,1a 2-OMe-CgHs, 2b 3b 68
3 H.la 2-Cl-C¢Hs, 2¢ 3¢ 73
4 H,1a 4-OMe-CgHs, 2d - 3d 55
5 H.la 4-Me-CeHs, 26 3e 75
6 H,1a 4-F-C¢Hs, 2f 3f 77
7 H,la CHs, 2g 3g 67
8 H,1a CH;CH,, 2h 3h 71
9 5-F, 1b C.Hs, 2a 3 61
10 5-Cl 1c C¢Hs, 2a 3i 70
11 5-Br, 1d CeHs, 2a 3k 66
12 5-Me le C¢Hs, 2a 3l 67
13 5-OMe, 1f CeHs, 2a 3m 73
14 5CN, 1g C¢Hs, 2a 3n 46
15 5-COOMe, 1h Ce¢Hs, 2a 3o 65
16 6F i C¢Hs, 2a 3p 68
17 7-Me, 1j C¢Hs, 2a 3q 70
18  3-CH,COOEt, 1k CHs, 2a 3r 75

[a] Reaction conditions: 1a (0.4 mmol), 2 (0.8 mmol), TBHP
(1.6 mmol, ca.5.5m in decane), Pd(OAc), (0.02 mmol), THF
(1.6 mL), 100 °C, 24 h. [b] Isolated yield.
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ates in pharmaceutical products.”*! Subsequently, an inves-
tigation into different substituted indoles showed that a
number of functional groups could be introduced into the
indoles to afford the corresponding products in good yields.
The use of electron-donating indoles with methyl (le and
1j) and methoxy (1f) substituents gave corresponding prod-
ucts 31, 3q, and 3m, respectively, in good yields (Table 2,
Entries 12, 13, and 17), whereas indoles with electron-with-
drawing groups, such as fluoro, chloro, bromo, nitrile, and
methyl ester, provided the corresponding products in mod-
erate to good yields (Table 2, Entries 9-11 and 14-16). The
tolerance of the reaction to these active groups in the sub-
strates meant that they could be further transformed into
other different functional groups. Steric hindrance on the
indole had no effect on the reaction, and the desired prod-
uct was provided in good yield (Table 2, Entry 18; 75%
yield).

The protocol was not limited to indoles as heteroarom-
atic substrates for C-H bond functionalization, and the re-
sults are summarized in Table 3. For example, 2-pyrimidyl-
substituted pyrrole was efficiently converted into desired
products 3aa and 3ab in 41 and 18% yields, respectively.
Asymmetric o-diketones, such as 1-phenylpropane-1,2-di-
one and 1-(4-chlorophenyl)-2-phenylethane-1,2-dione, re-
acted with 1-(pyrimidin-2-yl)-1H-indole (1a) smoothly to
generate products in good yields and moderate selectivities.
A yield of 65% was obtained with a 3g/3a ratio of 1.6:1. 2-
Acetylindole product 3g was obtained as the majority.

European Journal
of Organic Chemistry

When the asymmetric aromatic o-diketone with an elec-
tron-withdrawing group (Cl) on the benzene ring was inves-
tigated, a yield of 55% was obtained with a 3a/3s ratio of
2.7:1.

To extend the synthetic practicability of this protocol,
removal of the 2-pyrimidyl groups from the acylation prod-
ucts was then conducted (Scheme 2). Upon treatment of 3a
with NaOEt in dimethyl sulfoxide (DMSO) at 100 °C for
24 h, corresponding product 3t was obtained in 72% yield.

\ NaOEt
N s OO
O Dpmso, Ny, 100°C N B
o !
)
3a 3t, 72%

Scheme 2. Deprotection of the 2-pyrimidyl director.

To gain more understanding of this reaction, certain con-
trol experiments were performed. When 1-(pyrimidin-2-yl)-
1 H-indole (1a) was treated with benzil (2a) in the presence
of a radical scavenger (1,4-benzoquinone), almost no acyl-
ation product was produced, which indicated that a radical
was likely involved in the catalytic cycle (Scheme 3). Based

Table 3. Direct C2-acylation of heterocycles with a-diketones or asymmetric o-diketones.!

5% Pd(OAC),

r”"
L% )HrRa TBHP
\\) °
| A\ | A\
S ")\
7N o / N
U
3aa"” 41% 3ab 18%
N (o]
P
3av 40%

2
N

) O
\
3 3
Saggese
N lo} N (o}
Z 7\
) U
3a125% 39 40%
[
N (o}
P
3s 15%

[a] Reaction conditions: 1a (0.4 mmol), acyl reagents, TBHP (ca. 5.5 m in decane), Pd(OAc), (0.02 mmol), solvent (1.6 mL), 100 °C, 24 h,

isolated yield. [b] R = R = Ph. [c] R2 = Ph, R3 =
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Me. [d] R2 = Ph, R3 = 4-CI-Ph.
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Scheme 3. Control experiment.

N Pd(OAc),
N
o
1a
HOAc Nm

tBUuOOH — (BuO +

Scheme 4. A plausible reaction mechanism.

on these observations and previous studies,!'®?? we pro-
posed a possible mechanism, as illustrated in Scheme 4. Co-
ordination of the nitrogen atom of 1a to Pd" and directed
cyclopalladation reaction provide palladacycle, A. o-Di-
phenyl ketone is oxidized to give benzoyl radicals through
C-C bond cleavage by TBHP. Then, palladacycle A reacts
with a benzoyl radical to produce Pd™ or Pd'V intermediate
B, which can undergo reductive elimination to give desired
product 3a and regenerate the Pd'! catalyst.

Conclusions

In summary, we have demonstrated a protocol for the
synthesis of substituted 2-acylindole derivatives in good
yields through palladium-catalyzed C—H bond functionali-

4 WWW.Eurjoc.org
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zation. The remarkable features of this methodology in-
clude good product yields and wide tolerance of various
functional groups, which renders this methodology as a
highly versatile and atom-economical alternative to existing
methods for building the biologically important 2-acylind-
ole unit. Furthermore, deprotection of the metal-directing
pyrimidyl group is very simple and straightforward. The
generality, high efficiency, and operational simplicity of this
method make it attractive for the alternative construction
of 2-acylindoles.

Experimental Section

General Information: Unless otherwise stated, all reagents used
were commercially purchased without further purification. THF is
commercially available and was used without further evaporation.

Eur. J. Org. Chem. 0000, 0-0
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Substrates 1la-1k and 2-(1H-pyrrol-1-yl)pyrimidine were prepared
according to literature procedures.[6¢:72-92:10a.161 Apalytical TLC was
performed with HSGF 254 (0.15-0.2 mm thickness). Compound
spots were visualized by UV light (254 nm). Column chromatog-
raphy was performed with silica gel FCP 200-300. NMR spectra
were recorded with a 400 or 500 MHz instrument. Chemical shifts
are reported relative to tetramethylsilane. Proton coupling patterns
are described as singlet (s), doublet (d), triplet (t), quartet (q), mul-
tiplet (m), and broad (br.). HRMS was measured with a Micromass
Ultra Q-TOF spectrometer.

General Procedure for the Synthesis of Phenyl[1-(pyrimidin-2-yl)-
1H-indol-2-yllmethanone (3a): To a dry sealed tube was added 1-
(pyrimidin-2-yl)-1 H-indole (1a; 78 mg, 0.40 mmol), benzil (168 mg,
0.80 mmol), Pd(OAc), (4.5 mg, 0.02 mmol), and TBHP (290 uL,
1.6 mmol, ca. 5.5 M in decane) and dissolved in THF (1.6 mL). The
resulting mixture was stirred for 24 h at 100 °C. After cooling to
room temperature, the reaction mixture was concentrated under
reduced pressure, and the obtained residue was purified by column
chromatography (silica gel) to give 3a; yield: 85 mg (71%).

Phenyl[1-(pyrimidin-2-yl)-1H-indol-2-yljmethanone (3a):['® White
solid, yield 85 mg (71%). 'H NMR (400 MHz, CDCly): & = 8.64
(d, J=4.8Hz, 2 H), 8.40 (d, /= 8.5Hz, 1 H), 7.98 (d, J = 8.0 Hz,
2 H), 7.71 (d, J = 7.9 Hz, 1 H), 7.59-7.52 (m, 1 H), 7.49-7.40 (m,
3 H), 7.33-7.27 (m, 1 H), 7.14 (s, 1 H), 7.06 (t, J = 4.8 Hz, 1
H) ppm. 3C NMR (101 MHz, CDCl5): § = 187.70, 158.09, 157.40,
138.40, 138.08, 137.29, 132.82, 129.67, 128.46, 128.12, 126.64,
122.95, 122.62, 117.50, 115.56, 114.34 ppm. MS (ESI): m/= = 300.0
M + HJ*.

(2-Methoxyphenyl)[1-(pyrimidin-2-yl)-1 H-indol-2-yl]methanone
(3b): White solid, yield 89 mg (68 %), m.p. 94-96 °C. '"H NMR
(400 MHz, CDCl3): 0 = 8.65 (d, J = 4.8 Hz, 2 H), 8.39 (d, J =
8.5Hz, 1 H), 7.71 (d, J = 7.9 Hz, 1 H), 7.58-7.52 (m, 2 H), 7.45
(t, J =7.8Hz, 1 H), 7.37-7.27 (m, 2 H), 7.15 (s, 1 H), 7.13-7.06
(m, 2 H), 3.85 (s, 3 H) ppm. *C NMR (126 MHz, CDCl,): 6 =
187.41, 159.75, 158.11, 157.44, 139.38, 138.43, 137.26, 129.45,
128.10, 126.66, 122.95, 122.65, 119.66, 117.52, 115.62, 114.34,
113.51, 55.59 ppm. MS (ESI): m/z = 330.0 [M + H]*. HRMS (ESI):
caled. for Co0H ¢N3O, [M + H]* 330.1243; found 330.1236.

(2-Chlorophenyl)[1-(pyrimidin-2-yl)-1 H-indol-2-yl|jmethanone (3c):
White solid, yield 97 mg (73 %), m.p. 91-93 °C. 'H NMR
(400 MHz, CDCl3): 6 = 8.70 (d, J = 48 Hz, 2 H), 829 (d, J =
8.5Hz, 1 H), 7.69 (d, J = 7.9 Hz, 1 H), 7.54 (d, J = 7.6 Hz, 1 H),
7.47-7.39 (m, 2 H), 7.35 (t, J = 7.7 Hz, 1 H), 7.31-7.20 (m, 2 H),
7.15 (s, 1 H), 7.09 (t, J = 4.8 Hz, 1 H) ppm. 3C NMR (126 MHz,
CDCl;): 0 = 185.69, 158.14, 157.37, 138.99, 137.92, 137.65, 133.04,
131.89, 130.78, 130.70, 127.83, 127.26, 126.30, 123.02, 122.96,
117.79, 117.17, 114.20 ppm. MS (ESI): m/z = 334.0 [M + H]".
HRMS (ESI): calcd. for CoH3CIN;O [M + H]* 334.0747; found
334.0756.

(4-Methoxyphenyl)[1-(pyrimidin-2-yl)-1H-indol-2-yljmethanone
(3d):['%1 White solid, yield 72 mg (55%). 'H NMR (400 MHz,
CDCl;): 6 = 8.64 (d, J = 4.8 Hz, 2 H), 8.40 (d, J = 8.5Hz, 1 H),
799 (d,J=87Hz 2H), 770 (d,J=78Hz 1 H), 743 (t, J =
7.7Hz, 1 H), 7.34-7.24 (m, 1 H), 7.15-7.03 (m, 2 H), 6.94 (d, J =
8.8 Hz, 2 H), 3.87 (s, 3 H) ppm. '*C NMR (126 MHz, CDCl,): 6
= 186.63, 163.51, 158.09, 157.48, 138.25, 137.46, 132.06, 130.93,
128.20, 126.36, 122.87, 122.46, 117.46, 114.78, 114.33, 113.75,
55.62 ppm. MS (ESI): m/z = 330.0 [M + H]J*.

[1-(Pyrimidin-2-yl)-1 H-indol-2-yl](p-tolyl)methanone (3e):!'®! White
solid, yield 94 mg (75%). 'H NMR (400 MHz, CDCly): 6 = 8.66
(d,J = 4.4 Hz, 2 H), 8.42 (d, J = 8.5 Hz, 1 H), 7.92 (d, J = 7.7 Hz,
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2H), 7.73 (d, J = 7.8 Hz, 1 H), 7.47 (t, J = 7.8 Hz, 1 H), 7.35-7.25
(m, 3 H), 7.13 (s, | H), 7.11-7.06 (m, 1 H), 2.4 (s, 3 H) ppm. 1*C
NMR (126 MHz, CDCl,): § = 187.48, 158.08, 157.44, 143.67,
138.31, 137.43, 135.45, 129.88, 129.18, 128.14, 126.47, 122.88,
122.53, 117.47, 115.16, 114.31, 21.82 ppm. MS (ESI): m/z = 314.0
M + HJ".

(4-Fluorophenyl)[1-(pyrimidin-2-yl)-1 H-indol-2-yljmethanone (3f):
Yellow solid, yield 97 mg (77 %), m.p. 113-114 °C. 'H NMR
(400 MHz, CDCl3): 0 = 8.64 (d, J = 48Hz, 2 H), 842 (d, J =
8.5Hz, 1 H), 8.06-7.94 (m, 2 H), 7.71 (d, J = 7.9 Hz, 1 H), 7.46
(t, J = 78Hz | H), 731 (t, / = 7.5Hz, 1 H), 7.16-7.04 (m, 4
H) ppm. *C NMR (126 MHz, CDCls): § = 186.27, 165.65 (d, J =
254.8 Hz), 158.11, 157.32, 138.37, 136.96, 134.45 (d, J = 2.9 Hz),
132.22, 132.15, 128.07, 126.73, 123.05, 122.62, 117.55, 115.72,
115.54, 115.43, 114.42 ppm. MS (ESI): m/z = 318.0 [M + H]J*.
HRMS (ESI): caled. for C;oH;3FN3;O [M + H]* 318.1043; found
318.1037.

1-[1-(Pyrimidin-2-yl)-1 H-indol-2-yl]ethanone (3g): Yellow solid,
yield 64 mg (67%), m.p. 155-158 °C. 'H NMR (500 MHz, CDCl;):
0=879(d,J=48Hz,2H), 798 (d,J=8.5Hz | H),7.71 (d, J
=79Hz, 1 H), 743-7.36 (m, 1 H), 7.34 (s, 1 H), 7.29-7.19 (m, 2
H), 2.60 (s, 3 H) ppm. '*C NMR (126 MHz, CDCl5): § = 190.72,
158.43, 157.97, 139.47, 137.93, 127.49, 127.08, 122.91, 122.73,
118.45, 114.62, 113.24, 28.17 ppm. MS (ESI): m/z = 238.0 [M +
H]*. HRMS (ESI) calcd. for C1,H,N;O [M + H]*" 238.0980; found
238.0982.

1-[1-(Pyrimidin-2-yl)-1 H-indol-2-yl|propan-1-one (3h): Yellow solid,
yield 71 mg (67 %), m.p. 76-78 °C. '"H NMR (500 MHz, CDCls): 6
=8.82-8.75(m, 2 H), 8.01 (d, J=8.5Hz, 1 H), 7.71 (d, J = 7.9 Hz,
1 H), 7.39 (t, J = 7.8 Hz, 1 H), 7.29 (s, 1 H), 7.28-7.20 (m, 2 H),
2.97(q,J =7.3Hz 2 H), 1.23 (t, J = 7.3 Hz, 3 H) ppm. 3*C NMR
(126 MHz, CDCl3): 6 = 194.57, 158.43, 158.03, 139.18, 137.81,
127.69, 126.81, 122.79, 122.71, 118.36, 113.39, 33.90, 8.71 ppm. MS
(ESI): m/z = 252.1 [M + H]*. HRMS (ESI): calcd. for C;sH4N;0
[M + HJ* 252.1137; found 252.1134.

|S-Fluoro-1-(pyrimidin-2-yl)-1 H-indol-2-yl](phenyl)methanone (3i):
White solid, yield 77 mg (61%), m.p. 146-147 °C. 'H NMR
(400 MHz, CDCl;): 6 = 8.61 (d, J = 4.8 Hz, 2 H), 8.42 (dd, J =
9.2,45Hz, 1 H),795(d, J=79Hz, 2 H), 7.55 (t, J = 7.2 Hz, 1
H), 7.44 (t, J = 7.6 Hz, 2 H), 7.34 (dd, J = 8.6, 2.3 Hz, 1 H),
7.18 (td, J = 9.0, 2.4 Hz, 1 H), 7.11-6.99 (m, 2 H) ppm. '*C NMR
(126 MHz, CDCl;): 6 = 187.69, 159.34 (d, J = 239.8 Hz), 158.11,
157.14, 138.62, 137.88, 134.59, 133.00, 129.62, 128.81 (d, J =
10.2 Hz), 128.54, 117.58, 115.81 (d, J = 8.9 Hz), 114.75 (d, J =
25.6 Hz), 114.40 (d, J = 4.4 Hz), 107.31 (d, J = 23.7 Hz) ppm. MS
(ESI): m/z = 318.0 [M + H]". HRMS (ESI): calcd. for C;oH;3FN;0
[M + H]* 318.1043; found 318.1034.

|S-Chloro-1-(pyrimidin-2-yl)-1H-indol-2-yl](phenyl)methanone (3j):
White solid, yield 94 mg (70%), m.p. 109-110 °C. 'H NMR
(400 MHz, CDCl;): 6 = 8.62 (d, J = 4.8 Hz, 2 H), 8.38 (d, J =
9.0Hz, 1 H), 795 (d, J = 7.7Hz, 2 H), 7.71-7.64 (m, 1 H), 7.56
(t, J=74Hz 1 H), 745 (t, J = 7.7Hz, 2 H), 7.39 (dd, J = 8.9,
1.9 Hz, 1 H), 7.07 (t, J = 4.8 Hz, 1 H), 7.03 (s, 1 H) ppm. '*C NMR
(126 MHz, CDCl;): 0 = 187.61, 158.14, 157.07, 138.34, 137.81,
136.47, 133.06, 129.64, 129.27, 128.56, 128.46, 126.69, 121.78,
117.71, 115.81, 113.92 ppm. MS (ESI): m/z = 334.0 [M + H]J*.
HRMS (ESI): calcd. for C;oH;3CIN;O [M + H]J* 334.0747; found
334.0739.

[5-Bromo-1-(pyrimidin-2-yl)-1H-indol-2-yl](phenyl)methanone
(3k):'°1 White solid, yield 100 mg (66%). '"H NMR (400 MHz,
CDCl;): 0 = 8.62 (d, J = 48 Hz, 2 H), 8.33 (d, J = 8.9 Hz, 1 H),
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7.95(d, J = 7.8 Hz, 2 H), 7.83 (d, J = 1.8 Hz, 1 H), 7.59-7.49 (m,
2 H), 744 (t, J = 7.6 Hz, 2 H), 7.08 (t, J = 4.8 Hz, 1 H), 7.03 (s, |
H) ppm. 3C NMR (126 MHz, CDCly): 6 = 187.59, 158.14, 157.06,
138.18, 137.80, 136.78, 133.07, 129.86, 129.64, 129.28, 128.56,
124.90, 117.73, 116.19, 116.05, 113.77 ppm. MS (ESI): m/z = 378.0
M + HJ*.

|5-Methyl-1-(pyrimidin-2-yl)-1H-indol-2-yl|(phenyl)methanone (3I):
Yellow solid, yield 84 mg (67 %), m.p. 136-138 °C. 'H NMR
(400 MHz, CDCl;): ¢ = 8.65-8.58 (m, 2 H), 8.29 (d, J = 8.6 Hz, 1
H), 8.00-7.92 (m, 2 H), 7.57-7.50 (m, 1 H), 7.47 (s, 1 H), 7.43 (t,
J=17.6Hz 2H), 7.29-7.24 (m, 1 H), 7.07-7.00 (m, 2 H), 2.47 (s, 3
H) ppm. 3C NMR (126 MHz, CDCls): 6 = 187.78, 158.04, 157.43,
138.20, 137.33, 136.77, 132.75, 132.43, 129.63, 128.44, 128.38,
128.29, 122.17, 117.29, 115.35, 114.11, 21.48 ppm. MS (ESI): m/z
= 314.0 [M + H]*. HRMS (ESI): calcd. for C,0H (N3O [M + H]*
314.1293; found 314.1286.

|S5-Methoxy-1-(pyrimidin-2-yl)-1 H-indol-2-yl](phenyl)methanone
(3m):['%1 White solid, yield 96 mg (73%). '"H NMR (400 MHz,
CDCl;): 6 = 8.60 (d, J = 4.8 Hz, 2 H), 8.34 (d, / = 9.1 Hz, 1 H),
795, J=78Hz, 2 H), 7.54 (t, J = 73Hz, 1 H), 743 (t, J =
7.6 Hz, 2 H), 7.14-7.11 (m, 1 H), 7.11-7.06 (m, 1 H), 7.05 (s, 1 H),
7.02 (t, J = 4.8 Hz, 1 H), 3.88 (s, 3 H) ppm. '3C NMR (126 MHz,
CDCl;): 0 = 187.75, 158.01, 157.32, 156.11, 138.20, 137.75, 133.33,
132.76, 129.59, 128.85, 128.44, 117.25, 116.61, 115.56, 115.03,
103.59, 55.83 ppm. MS (ESI): m/z = 330.0 [M + H]*.

2-Benzoyl-1-(pyrimidin-2-yl)-1 H-indole-5-carbonitrile (3n): Yellow
solid, yield 60 mg (46%), m.p. 152-154 °C. '"H NMR (400 MHz,
CDCl,): 6 = 8.66 (d, J = 4.8 Hz, 2 H), 8.51 (d, / = 8.8 Hz, 1 H),
8.05 (s, 1 H), 7.96 (d, J = 8.2 Hz, 2 H), 7.65 (d, J = 8.8 Hz, 1 H),
7.59 (t,J=7.4Hz, 1 H), 747 (t, J=7.6 Hz, 2 H), 7.19-7.09 (m, 2
H) ppm. 3C NMR (126 MHz, CDCls): 6 = 187.30, 158.32, 156.72,
139.47, 139.11, 137.36, 133.39, 129.69, 128.90, 128.68, 128.01,
127.70, 119.80, 118.37, 115.58, 113.84, 106.27 ppm. MS (ESI): m/z
= 325.0 [M + H]*. HRMS (ESI): calcd. for C,0H;3N,O [M + HJ*
325.1089; found 325.1081.

Methyl 2-Benzoyl-1-(pyrimidin-2-yl)-1H-indole-5-carboxylate
(30):'% Yellow solid, yield 93 mg (65%). '"H NMR (400 MHz,
CDCl3): 6 = 8.65 (d, J =4.8Hz, 2 H), 845 (s, 1 H), 8.41 (d, J =
89Hz 1 H), 812 (d, J=89Hz, | H), 7.97 (d, J = 7.4 Hz, 2 H),
7.57 (t, J =74Hz, 1 H), 745 (t, J = 7.6 Hz, 2 H), 7.17 (s, 1 H),
7.11 (t, J = 4.8 Hz, 1 H), 3.95 (s, 3 H) ppm. 13C NMR (126 MHz,
CDCly): 0 = 187.44, 167.48, 158.26, 157.07, 140.65, 138.45, 137.69,
133.16, 129.73, 128.60, 127.79, 127.56, 125.26, 124.96, 118.07,
115.53, 114.13, 52.27 ppm. MS (ESI): m/z = 358.0 [M + H]".

[6-Fluoro-1-(pyrimidin-2-yl)-1H-indol-2-yl](phenyl)methanone
(3p):['®) White solid, yield 87 mg (68 %). '"H NMR (400 MHz,
CDCl;): 0 = 8.64 (d, J = 4.8 Hz, 2 H), 8.14 (dd, J = 10.5, 2.1 Hz,
1 H), 797 (d, J/ = 7.5Hz, 2 H), 7.63 (dd, J = 8.7, 5.5Hz, 1 H),
7.56 (t, J = 7.4 Hz, 1 H), 7.45 (t, J = 7.7 Hz, 2 H), 7.12-7.02 (m,
3 H) ppm. 3C NMR (126 MHz, CDCls): 6 = 187.23, 162.41 (d, J
=243.2 Hz), 158.16, 157.23, 138.83 (d, J = 13.0 Hz), 137.94, 137.86
(d, J =3.9Hz), 132.92, 129.68, 128.52, 124.50, 123.59 (d, J =
10.3 Hz), 117.72, 115.48, 111.90 (d, J = 24.9 Hz), 101.41 (d, J =
28.6 Hz) ppm. MS (ESI): m/z = 318.0 [M + H]*.

|7-Methyl-1-(pyrimidin-2-yl)-1 H-indol-2-yl|(phenyl)methanone
(3q):['%1 White solid, yield 88 mg (70%). '"H NMR (500 MHz,
CDCl;): 0 = 8.88 (d, J = 49 Hz, 2 H), 7.96-7.91 (m, 2 H), 7.63—
7.56 (m, 2 H), 7.51-7.46 (m, 2 H), 7.42 (t, / = 49Hz, 1 H), 7.21
(s, 1 H), 7.15-7.12 (m, 2 H), 1.98 (s, 3 H) ppm. '3C NMR
(126 MHz, CDCl;): 0 = 187.19, 159.86, 158.30, 138.54, 138.37,
136.13, 132.56, 129.81, 129.40, 128.41, 127.36, 122.64, 122.05,
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121.25, 120.34, 116.61, 19.52 ppm. MS (ESI): m/z = 314.0 [M +
H]*.

Ethyl 2-|2-Benzoyl-1-(pyrimidin-2-yl)-1H-indol-3-yl]acetate (3r):
Yellow solid, yield 116 mg (75%), m.p. 129-131 °C. '"H NMR
(500 MHz, CDCls): 6 = 8.65 (d, J/ = 8.4 Hz, 1 H), 845 (dd, J =
4.8, 1.1 Hz, 2 H), 7.80-7.73 (m, 2 H), 7.71 (d, J = 7.9 Hz, 1 H),
7.51-7.45 (m, 1 H), 7.43-7.38 (m, 1 H), 7.37-7.32 (m, 1 H), 7.29
(t, J = 7.7 Hz, 2 H), 6.90-6.83 (m, 1 H), 4.04 (q, J = 7.1 Hz, 2 H),
3.91 (s, 2 H), 1.09 (t, J = 7.1 Hz, 3 H) ppm. '3C NMR (126 MHz,
CDCl;): 0 = 189.32, 170.61, 157.73, 157.00, 139.24, 136.28, 134.73,
132.44, 129.36, 128.62, 128.38, 126.38, 123.10, 120.42, 118.16,
116.59, 115.43, 61.08, 30.40, 14.14 ppm. MS (ESI): m/z = 386.1 [M
+ H]*. HRMS (ESI): caled. for C,3H,0N;O0;3 [M + H]" 386.1505;
found 386.1498.

(4-Chlorophenyl)[1-(pyrimidin-2-yl)-1 H-indol-2-ylJmethanone
(3s):[1%1 White solid, yield 20 mg (15%). "H NMR (500 MHz,
CDCl;): 0 = 8.63 (d, J = 4.8 Hz, 2 H), 8.42 (dd, J = 8.5, 0.6 Hz, 1
H), 7.95-7.87 (m, 2 H), 7.71 (d, J = 7.9 Hz, 1 H), 7.49-7.43 (m, 1
H), 7.43-7.39 (m, 2 H), 7.33-7.28 (m, 1 H), 7.12 (s, 1 H), 7.07 (t,
J =48Hz 1 H)ppm. 3C NMR (126 MHz, CDCls): § = 186.51,
158.11, 157.30, 139.19, 138.37, 136.85, 136.50, 130.96, 128.81,
128.09, 126.80, 123.09, 122.65, 117.55, 115.48, 114.49 ppm. MS
(ESY): m/z = 334.0 [M + H]*.

Phenyl|[1-(pyrimidin-2-yl)-1 H-pyrrol-2-yljmethanone (3aa): Yellow
solid, yield 41 mg (41%), m.p. 105-107 °C. '"H NMR (500 MHz,
CDCl;): 0 = 8.60 (d, J = 4.8 Hz, 2 H), 7.98-7.91 (m, 2 H), 7.75~
7.69 (m, 1 H), 7.56-7.50 (m, 1 H), 7.46-7.40 (m, 2 H), 7.11 (t, J =
48Hz, 1 H), 6.83 (dd, J = 3.6, 1.6 Hz, 1 H), 6.39-6.34 (m, 1
H) ppm. 13C NMR (126 MHz, CDCls): 6 = 186.01, 158.34, 156.95,
138.35, 132.50, 132.33, 129.75, 128.33, 128.04, 122.77, 118.56,
110.56 ppm. MS (ESI): m/z = 250.0 [M + H]". HRMS (ESI): calcd.
for C;5sH;,N;0 [M + HJ* 250.0980; found 250.0987.
[1-(Pyrimidin-2-yl)-1 H-pyrrole-2,5-diyl]bis(phenylmethanone) (3ab):
Yellow solid, yield 25 mg (18%), m.p. 139-142°C. 'H NMR
(500 MHz, CDCl;): 6 = 8.77 (d, J = 4.9 Hz, 2 H), 7.98-7.89 (m, 4
H), 7.63-7.55 (m, 2 H), 7.52-7.45 (m, 4 H), 7.39-7.33 (m, 1 H),
6.84 (s, 2 H)ppm. 3C NMR (126 MHz, CDCl;): 6 = 185.84,
158.54, 158.32, 137.60, 136.27, 133.02, 129.79, 128.54, 120.22,
119.35 ppm. MS (ESI): m/z = 354.0 [M + H]*. HRMS (ESI): calcd.
for C,oH (N3O, [M + H]* 354.1243; found 354.1233.

The Procedure of Removal of the 2-Pyrimidyl Directing Group:
Based on literature reports,['®! the procedure for removal of the 2-
pyrimidyl directing group is as follows: a mixture of 3a (30 mg,
0.1 mmol), NaOEt (20 mg, 0.3 mmol) and DMSO (3 mL) was
stirred in a reaction tube at 100 °C under an argon atmosphere for
24 h. The resulting mixture was then quenched with water. The
mixture was extracted with ethyl acetate, and the combined organic
layer was dried with sodium sulfate. The solvent was evaporated
under reduced pressure and the residue was purified by column
chromatography (silica gel) to give product 3t as a yellow solid
(16 mg, yield 72%).

(1H-Indol-2-yl)(phenyl)methanone (3t):1'%! Yellow solid, yield 16 mg
(72%). '"H NMR (400 MHz, CDCl;): 6 = 9.41 (s, 1 H), 8.01 (d, J
=7.4Hz,2H),7.73(d, J=8.1 Hz, 1 H), 7.67-7.60 (m, 1 H), 7.58-
7.46 (m, 3 H), 7.43-7.35 (m, 1 H), 7.22-7.13 (m, 2 H) ppm.
Supporting Information (see footnote on the first page of this arti-
cle): Copies of the 'H and '3C NMR spectra for all final products.
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Palladium-catalyzed C—H functionalization of indoles
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A variety of 2-acylindoles were readily
prepared from N-pyrimidyl-substituted
indoles in moderate to good yields by an
effective palladium-catalyzed C2-acylation
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up to 77% yield
method. The remarkable features of this
methodology include good product yields
and wide tolerance of various functional
groups.
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