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A family of Cu(l) complexes [Cu(L**)(Cl)(PPhs)] (C1-C4) were synthesized from bidentate ligands L'-L* (where L= (E)-2-(2-
benzylidene-1-phenylhydrazinyl)pyridine, L2= (E)-N,N-dimethyl-4-((2-phenyl-2-(pyridin-2-yl)hydrazono)methyl)aniline, L3=

(E)-2-(2-(4-chlorobenzylidene)-1-phenylhydrazinyl)pyridine and L%=

(E)-2-(2-(4-nitrobenzylidene)-1-phenylhydrazinyl

Jpyridine) and characterized. The structure of complex C1 was authenticated by single-crystal X-ray diffraction. These

complexes were utilised as catalysts for N-arylation of benzimidazoles and indoles. Effect of the substituents in the ligand

frame of metal complexes were examined and probable reaction pathway was scrutinized.

Introduction

Transition metal complexes often act as catalyst in various organic
transformations such as carbon-carbon, carbon-nitrogen, carbon-
sulphur and carbon-oxygen bond formation. These reactions are
extremely important for the multi-step synthesis of novel drug
molecules and are often adopted in different chemical and
pharmaceutical industries.' It is well known in the literature that at
the beginning, carbon-nitrogen coupling reactions were carried out
mainly by the reactions of amines and alkyl or aryl halides in the
presence of palladium catalysts.>® In recent years, 3d transition
metals received considerable attention over 4d and 5d transition
metal complexes because 3d transition metals are earth-abundant
and the complexes derived from these metals are cost-effective.”
There are various types of C-N coupling reactions and among them
we are focussed on N-arylation of N-H heterocycles such as
benzimidazoles and indoles. Here, Scheme 1 represents few
important drug molecules containing N-arylated products of
benzimidazoles and indoles. Among the first row 3d transition
metals, copper catalysts were found to be most operative for N-
arylation reaction.” In the literature, Cu(l) as well as Cu(ll) based
catalysts were utilised for N-arylation of benzimidazoles and indoles.

For example, Chauhan’s, Buchwald’s and Collman’s group utilised
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+ Electronic supplementary information (ESI) available: X-ray crystal structure data
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Cu(ll) metal salts for N-arylation studies.®'0 Investigation of
mechanism suggested the occurrence of oxidative addition during
catalytic reaction and flipping of oxidation state of the copper metal

centre.®1! Keeping this in mind, several research groups utilised
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Scheme 1. Models of N-arylated drugs.**

Cu(l) metal salts with different ligands such as

transcyclohexanediamine?, 4,7-dimethoxy-1,10-phenanthroline’3,
salicylaldoxime,’* amino acid,*> 1,2-dimethylethylenediamine?’,
4,7-dichloro-1,10-phenanthroline?s, 8-quinolinol??,
aminoarenethiol?°, phosphine oxime oxides?!, phosphoramidites??,
2-aminopyrimidinediols?3, phenanthroline?*, calcium
fluorophosphate?®, N-(4-thiazolylmethyl)morpholine N-Oxide2¢ and
2-(2'-pyridyl)benzimidazole?’ to carry out N-arylation activity. To the
best of our knowledge, there is only one report available where
copper(l) complex was utilized for N-arylation of benzimidazoles and

indoles.?8
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The design of ligand as well as metal complex are very essential to
study the catalytic reaction. To carry out N-arylation reaction,
catalyst should have free site or labile groups at the metal centre so
that nucleophile can easily attack to the metal centre. In the catalytic
cycle, the stabilization of Cu(lll) intermediate species formed during
the reaction is an essential factor. The presence of r-acid ligands like
PPhs and electron-donating groups in the ligand frame could impart
significant effect in the catalytic process.!!

Considering these facts, recently we have communicated our results
on the effect of substituents in Sonogashira coupling reaction.?® In
this communication, we have synthesized all the four complexes
[Cu(L¥4)(Cl)(PPh3] (C1-C4) reported. *® These complexes were
characterized by different spectroscopic studies. The structure of
complex C1 was authenticated by single-crystal X-ray study. These
complexes were utilised as catalysts for N-arylation reactions of
benzimidazoles and indoles with iodo and bromo arenes. A total of
13 substrates were examined for the study and the formation of
isolated products were characterized using *H and 3C NMR spectral
techniques. On the basis of literature reports, a reaction pathway of

C-N coupling reaction will be scrutinized.'?

OO OO

N
| PPh R Complexes
LN CuCl, PPh, NG N o
Acetonitrile, N, stirring C“\ -NMe, €2
, Ny,
Cl -Cl C3
NO, C4
R R

Scheme 2: Schematic drawing of complexes [Cu(L**)(Cl)(PPhs)]
(c1-ca).

Results and discussion
Synthesis of catalysts

Ligands (L) were synthesized by the reported methods and
Scheme 2 was followed to synthesize Cu(l) complexes (C1-C4).2° The
UV-Vis spectral change and IR data indicated the formation of Cu(l)
complexes (C1-C4).%°

View Article Online
DOI: 10.1039/DONJ02568B

The single crystal of complex C1 was obtained by slow evaporation

Description of crystal structure

of acetonitrile and dichloromethane solvent. Molecular structure of
the complex C1 was authenticated using single-crystal X-ray
technique and the ORTEP view is depicted in Figure 1. The matrix
parameters and bond distances and bond angles related to complex

C1 were described in the Table S1 and S2 of supporting file.

Figure 1: ORTEP diagram of the complex C1. Hydrogen fragments
were removed for the soberness.

The metal centre of the complex was found to be coordinated to
bidentate ligands having —NN donor atoms, one phosphorus atom
from phosphine group and one chlorine atom. This tetra
coordination imparted a distorted tetrahedral geometry around the
metal centre. The Cul-Cl1 bond distance is 2.2787(19)A° which is
lower than the values reported by Facchin and co-workers and our
previous report.??3% Cul-P1 bond distance is 2.1889(17)A° which is
less than the values reported by Kuang et. al3and Li et. al’2 but larger
than the values reported by Alvarez et. al.3°

Catalytic activity : N-arylation reactions
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Scheme 3: An outline for N-arylation of heterocyles.
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Figure 2 : Effect of (a) catalysts (C1-C4) and (b) solvents on N-arylation of benzimidazole using iodobenzene to synthesize 1.phenyl-1H:
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Figure 3 : Effect of (a) bases and (b) catalyst loading (C2) on N-arylation of benzimidazole using iodobenzene to synthesize 1-phenyl-1H-

Scheme 3 was followed to carry out N-arylation reactions of
benzimidazoles and indoles. To find out favourable conditions,
different control reactions were performed. When only CuCl metal
salt was employed as a catalyst to study N-arylation reaction of
benzimidazole and iodobenzene, trace amount (<2%) of product
was formed. No reaction was observed when only ligand was
utilised as a catalyst We also employed only Cul metal salt as a
catalyst for N-arylation of benzimidazole and iodobenzene under
similar conditions, <5% product was formed. All the four mentioned
complexes (C1-C4) were employed as a catalyst towards N-arylation
reactions. The yields obtained for each complex is given in Figure

Table 1: Reaction of heterocycles with haloarenes using catalyst C2.

This journal is © The Royal Society of Chemistry 20xx

2(a). Out of four complexes, C2 complex was found to be most
efficient and provided 89% vyield of the product. Optimisation
reaction for N-arylation of benzimidazole is shown in Table S3 of
supporting file. Further, optimisations were also performed using
indole and iodobenzene and yields were depicted in Table S4 and
Figure S1 and S2 of supporting file.

The reactions were also carried out in different solvents and the
yields obtained using different solvents are presented in Figure 2(b).
Dimethyl sulfoxide solvent gave better yield in comparison to N,N-
dimethylformamide and toulene solvent. Several bases such as

NaOH, KOH, K,CO3; and KO'Bu were utilised to study N-arylation

J. Name., 2013, 00, 1-3 | 3
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reaction shown in Figure 3(a). Compared to other bases, NaOH base
was found to be more reactive towards N-arylation reaction and
provided higher yield of products. Different mol% of catalyst C2 was
utilised to study N-arylation reaction. As the mol% of catalyst C2 was
increased, the isolated yield got increased. The isolated yields
obtained with each mol% are shown in Figure 3(b). After performing
several optimizations, C2 complex was found most efficient to
perform N-arylation reaction in presence of NaOH base and dimethyl
sulfoxide as solvent. We further examined the substrate scope of the
reactions of various haloarenes with heterocyles in the presence of
catalyst C2. The isolated yields obtained for each substrate are given
in Table 1. 'H NMR and 13C NMR plots of desired products are given
in Figure S3-S28 of supporting file.

Substituted iodobenzene in comparison to bromobenzene
derivatives reacted efficiently with benzimidazoles and indoles
resulting N-arylation reaction in better yields. lodobenzene
derivatives, on reaction with benzimidazole, formed N-arylated
product with up to 77-89% yield (Table 1, entry 1, 2, 3 and 4). We
ended up with 78-87- yield. (Table 1, entry 8, 9, 10 and 11), when
these derivatives were reacted with indole, Further, the isolated
yields were found to be in the range of 63-69%. (Table 1, entry 5, 6,
7, 12 and 13), when bromobenzene derivatives were reacted with
benzimidazoles and indoles,

A reaction pathway for N-arylation reaction has been proposed on
the basis of literature and was depicted in Figure $29.81 In the first
step of the reaction, deprotonation of benzimidazoles/indoles gave
rise to coordination of heterocycles to copper centre through
nitrogen. In the second step, the oxidative addition of derivatives of
aryl halides gave rise to intermediate (C). In the last step, reductive
elimination gave rise to N-arylated benzimidazoles and indoles and
the reaction continues. It has been found out that iodobenzene
derivatives of aryl halides provided higher yields compared to bromo
derivatives. This is due to less bond energy of C—I bond compared to
C—Br bond present in aryl halides. We have found that electron-
donating groups in the bidentate ligands increase the efficiency of
the reaction, however, efficiency decreased if electron-withdrawing
groups are present in the ligand frame .

In order to investigate the oxidation state of copper during N-
arylation reaction, we utilised X-ray photoelectron spectroscopy

(XPS) technique to understand the oxidation state of metal ion during

catalytic cycle. The 2p core-level lines of C2 complex were fitted with

New Journal of Chemistry

two main peaks, where Cu 2p1/2 and 2p3/%)89%_518§\/9§}%%;' ‘3@%@5@

932.8 eV were indicated the presence of Cu(l) species (presented in
Figure S30a of supporting file).33 After treating the complex C2 with
sodium hydroxide base, heterocycle and haloarenes for 30 min in
presence of dimethylsulfoxide solvent, the peaks shifted from 952.4
to 952.1 eV, for Cu 2p1/2 and 932.8 eV to 931.4 eV for Cu 2p3/2.
These data clearly indicated the formation of Cu(l) species in the
reaction mixture.3* However, two new peaks originated at 953.8 eV
and 934.4 eV indicated the formation of Cu(lll) species in the reaction
mixture shown in Figure S30b of supporting file.3> Therefore, we
proposed that Cu(l) metal centre flips its oxidation state between |
and Il during N-arylation reaction.

The best thing about our complexes is that we can utilise different
kind of substituents in the ligand frame. We compared our results of
N-arylation reaction with the literature reports. For N-arylation of
benzimidazoles and indoles, 5 mol% of catalyst loading was required.
Among reported results, our catalyst loading was low. Tahsini and
coworkers utilised 10 mol% of N-heterocyclic carbene (NHC)-copper
(1) catalysts to study N-arylation of benzimidazoles and indoles which
is less effective compared to our catalyst loading.?® Peng et. al
reported N-arylation of benzimidazoles using 20 mol% of N-(4-
thiazolylmethyl)morpholine N-Oxide ligand and 10 mol% of Cul metal
salt and their catalyst amount is high and less effective in comparison
to our catalyst.2® Buchwald and co-workers carried out N-arylation of
indoles using 20 mol% of diamine ligand and 5 mol% of Cul metal salt
in presence of K3PO, base which was also high compared to our
catalyst loading.3® However, our results are comparable with the
data reported by Hayashi and co-workers where they have utilised 5
mol% of 2-(2'-pyridyl)benzimidazole ligand and 5 mol% of Cul for N-

arylation of indoles.?”
Conclusions

The following are the conclusions of the present study:

I. To study a new methodology for N-arylation reaction, four
mononuclear Cu(l) complexes were synthesized. Molecular structure
of the complex C1 was determined by single crystal X-ray method.
Il. Above mentioned complexes were utilised as a catalyst for N-
arylation reaction. 5 mol% of complex was employed for the N-
arylation study. The major advantage of our complexes is that we can
tune different kind of substituents in the ligand frame to tune the

reactivity of metal complexes.
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Ill. For substrate scope, a total of thirteen N-arylated compounds
were isolated using column chromatography and were characterized
by 'H NMR and 13C NMR spectral studies.

IV. In terms of catalytic efficiency, order of catalysts were found to
be C2>C1>C3>C4. The efficiency order of the catalysts to catalyze N-
arylation reaction indicated the role of electron donating group
present in the ligand frame of catalyst.

Applications of these catalysts in other organic transformation are

under progress.
Materials and Measurements

All reagents obtained for synthesis and catalysis are of standard
quality. Solvents were highly purified by the distillation process. N-

arylation catalysis was performed under an inert atmosphere.
Methods and instrumentation

IR spectra were analysed using KBr pellets with Thermo Nikolet
Nexus FT-IR spectrometer. The UV-Vis spectra were obtained from
Thermo Scientific UV-Visible spectrophotometer. 'H, 13C and 3'P
NMR spectral data was collected by Jeol, 400 MHz and 500 MHz
spectrometer. The single-crystal X-ray data for complex C1 was
collected by Bruker Kappa Apex-ll CCD diffractometer. X-ray
photoelectron spectrophotometer (XPS; ULVAC — PHI, INC, Japan)

was utilised to determine the oxidation state.
Syntheses of ligands and metal complexes

Ligands (L*) were synthesized by the previously reported methods
and Scheme 2 was followed to synthesize Cu(l) complexes (C1-C4).2°
Syntheses of metal complexes: [Cu(L*#)CI(PPh3)] complexes were
prepared using the resulting method given below.

[Cu(LY)(PPh;)CI] (C1): This complex was prepared in acetonitrile
solution by using L' and CuCl in inert atmosphere. Rest of the
procedure was similar to procedure described in our previous report.
2 Theoretical. calcd. for C3gH30CICUNsP (634.61): C, 68.13; H, 4.76; N,
6.62. Found: C, 68.25; H, 4.69; N, 6.51.

[Cu(L2)(PPh;)CI] (C2): Same procedure as described in our previous
report?® was followed to obtain C2. Theoretical. calcd. for
CagH3sCICUN,P (677.68): C, 67.35; H, 5.21; N, 8.27. Found: C, 67.49;
H, 5.36; N, 8.39.

[Cu(L3)(PPh;)CI] (C3): Same procedure as described in our previous
report?®> was followed to obtain C€3. Theoretical. calcd. for
CasH29Cl,CUNsP (669.06): C, 64.63; H, 4.37; N, 6.28. Found C, 64.74;
H, 4.48; N, 6.35.

6 | J. Name., 2012, 00, 1-3

[Cu(L*)(PPh3)CI] (C4): Same procedure as described i, Qur previqus
report?® was followed to obtain C4. Pﬁéblr%%i%g ./Dggﬁ%%z.%%ar
CagH29CICUN4O,P (679.61): C, 63.62; H, 4.30; N, 8.24;. Found: C,
63.56; H, 4.41; N, 8.20.

Single X-ray crystallography

Crystal of [Cu(L)(CI)(PPh3)] (C1) were attained by slow evaporation
of acetonitrile and dichloromethane solvent. The X-ray data
collection for complex C1 was performed on a Bruker Kappa Apex-I|
CCD diffractometer by using graphite monochromated Mo-Ka
radiation (A = 0.71073 A) at 293K. Structural outline of complex C1
was resolved using WinGX software. Crystal structures were solved
by direct methods. Structure solutions, refinement and data output
were carried out with the SHELXTL program.37-32 All atoms except
hydrogen were refined anisotropically. ORTEP view was achieved

using MERCURY software.

Catalytic studies

5 mole % of catalyst, NaOH (1.0 mmol), Heterocycles (1 mmol),
Haloarenes (1 mmol), and 4ml dimethyl sulfoxide were taken in a
round bottom flask and refluxed with stirring at 110°C for 20h under
inert surroundings. After it, the solvent was removed and extracted
with ethyl acetate and water. Ethyl acetate solvent was mixed with
silica to make slurry and it was passed through column to get pure
compound. The desired compounds obtained were analysed utilizing
1H and 13C NMR techniques.

R1. 1-phenyl-1H-benzo[d]imidazole {C13H1oN>} (89%, 173mg) *H NMR
(500 MHz, CDCl5) & 8.11 (s, 1H), 7.89 — 7.87 (m, 1H), 7.58 — 7.52 (m,
3H), 7.50 (m, 2H), 7.47 — 7.44 (m, 1H), 7.35 — 7.30 (m, 2H) ppm. 13C
NMR (126 MHz, CDCl;) & 143.96, 142.18, 136.27, 133.62, 129.96,
127.95, 123.96, 123.61, 122.71, 120.51, 110.37 ppm.*°

R2. 1-(p-tolyl)-1H-benzo[d]imidazole {Ci4H1,N>} (82%, 171mg). H
NMR (500 MHz, CDCl;) & 8.09 (s, 1H), 7.89 — 7.86 (m, 1H), 7.52 — 7.50
(m, 1H), 7.38 (d, J = 6.6 Hz, 4H), 7.34 — 7.30 (m, 2H), 2.46 (s, 3H) ppm.
13C NMR (126 MHz, CDCl3) 6 143.85, 142.30, 138.04, 133.79, 133.69,
130.49, 123.91, 123.50, 122.59, 120.43, 110.40, 21.05 ppm.*!

R3. 1-(4-methoxyphenyl)-1H-benzo[d]imidazole {C;4H1,N,0} (86%,
193mg). 'H NMR (400 MHz, CDCl; ) & 8.05 (s, 1H), 7.87-7.85 (m, 1H),
7.47-7.43 (m, 1H), 7.40 (d, J = 8.9 Hz, 2H), 7.35-7.28 (m, 2H), 7.08 —
7.05 (m, 2H), 3.88 (s, 3H) ppm. 13C NMR (100MHz, CDCl5): 6 = 159.24,
143.71, 142.48, 134.14, 129.05, 125.67, 123.45, 122.54, 120.40,
115.06, 110.31, 55.57 ppm.*?

This journal is © The Royal Society of Chemistry 20xx
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R4. 1-(4-nitrophenyl)-1H-benzo[d]imidazole {Ci3HgN3O,} (77%,
184mg). 'H NMR (400 MHz, CDCl3): & H NMR (400 MHz, ) 6 8.44 (d,
J=8.9 Hz, 2H), 8.18 (s, 1H), 7.88-7.86 (m, 1H), 7.72 (d, J = 8.9 Hz, 2H),
7.61 = 7.58 (m, 1H), 7.41 — 7.36 (m, 2H) ppm. 3C NMR (100 MHz,
CDCls): 6 = 146.37, 144.28, 141.58, 141.49, 132.66, 125.74, 124.48,
123.62, 123.51, 121.03, 110.20 ppm.*°

R5. 1-(pyridin-2-yl)-1H-benzo[d]imidazole {C;,HgN3} (68%, 133mg).
1H NMR (500 MHz, CDCl5) & 8.59 (d, J = 4.9 Hz, 1H), 8.58 (s, 1H), 8.05
(d,J=7.3Hz, 1H), 7.87 (t,J = 7.6 Hz, 2H), 7.55 (d, J = 8.2 Hz, 1H), 7.40-
7.33 (m, 2H), 7.28-7.27 (m, 1H) ppm. 13C NMR (126 MHz, CDCl;) &
149.77, 149.34, 144.56, 141.22, 138.82, 132.02, 124.10, 123.18,
121.72,120.51, 114.19, 112.56.%3

R6. 1-(3-nitrophenyl)-1H-benzo[d]imidazole {Ci3HgN3O,} (66%,
158mg). 'H NMR (500 MHz, CDCl5) & 8.40 (t, J = 2.1 Hz, 1H), 8.30 (m,
1H), 8.16 (s, 1H), 7.90 — 7.86 (m, 2H), 7.78 (t, J = 8.1 Hz, 1H), 7.56 —
7.52 (m, 1H), 7.38 — 7.34 (m, 2H) ppm. 13C NMR (126 MHz, CDCl3) &
149.16, 144.08, 141.61, 137.42, 132.99, 131.11, 129.32, 124.37,
123.43, 122.45, 120.95, 118.61, 109.90 ppm.**
R7. 1-(thiophen-2-yl)-1H-benzo[d]imidazole {C;;HgN,S} (63%,
126mg). H NMR (400 MHz, CDCl3) H NMR (500 MHz, CDCl3) & 8.08
(s, 1H), 7.87 — 7.84 (m, 1H), 7.58 — 7.54 (m, 1H), 7.37 — 7.34 (m, 2H),
7.32 (d, J = 5.5 Hz, 1H), 7.17 (d, J = 3.7 Hz, 1H), 7.13 — 7.10 (m, 1H)
ppm. 13C NMR (126 MHz, CDCl;) & 143.54, 143.09, 137.08, 134.71,
126.41, 124.13, 123.42, 123.20, 121.92, 120.58, 110.52 ppm.*®

R8. 1-phenyl-1H-indole {C14H11N} (87%, 168mg). 1H NMR (500 MHz,
CDCl3) & 7.76 (d, J = 7.7 Hz, 1H), 7.64 (d, J = 8.2 Hz, 1H), 7.57 (d, J =
4.6 Hz, 4H), 7.43-7.40 (m, 2H), 7.29 (t, J = 7.6 Hz, 1H), 7.24 (t, J = 7.4
Hz, 1H), 6.75 (d, J = 3.2 Hz, 1H) ppm. 13C NMR (126 MHz, CDCl3) &
139.84, 135.87, 129.57, 129.32, 127.91, 126.41, 124.36, 122.32,
121.10, 120.33, 110.47, 103.55 ppm.*6

R9. 1-(p-tolyl)-1H-indole {Ci5sH13N} (83%, 172mg). *H NMR (500 MHz,
CDCl3) & 7.71 (d, J = 8.4 Hz, 1H), 7.56 (d, J = 8.2 Hz, 1H), 7.42 (d, J =
8.3 Hz, 2H), 7.34 (m, 3H), 7.25 — 7.22 (m, 1H), 7.19 (t, J = 7.4 Hz, 1H),
6.70 (d, J = 3.9 Hz, 1H), 2.47 (s, 3H) ppm. 13C NMR (126 MHz, CDCls)
6 137.31, 136.32, 136.01, 130.12, 129.17, 128.05, 124.34, 122.18,
121.03, 120.16, 110.49, 103.17, 21.02 ppm.*’

R10. 1-(4-methoxyphenyl)-1H-indole {C;sH13NO} (84%, 187mg). H
NMR (500 MHz, CDCl3) 6 7.78 (d, J = 7.6 Hz, 1H), 7.56 (d, J = 8.1 Hz,
1H), 7.48 (d, J = 8.9 Hz, 2H), 7.36 (d, J = 3.2 Hz, 1H), 7.30 (d, J = 8.1 Hz,
1H), 7.26 (d, J = 7.9 Hz, 1H), 7.10 (d, J = 8.9 Hz, 2H), 6.75 (d, J = 3.8 Hz,
1H), 3.94 (s, 3H) ppm. 3C NMR (126 MHz, CDCl5) § 158.20, 136.30,
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132.80, 128.93, 128.22, 125.91, 122.10, 120.97, 120,03, 114.87,
114.69, 110.32, 102.85, 55.50 ppm. 7 DOI10.1039/DONJ025688
R11. 1-(4-nitrophenyl)-1H-indole {Ci4HoN,0O,} (78%, 186mg). H
NMR (500 MHz, CDCl3) & 8.41 (d, J = 9.0 Hz, 2H), 7.75 (d, J = 7.8 Hz,
1H), 7.69 (d, J = 9.0 Hz, 3H), 7.41 (d, J = 3.4 Hz, 1H), 7.34 (t, J = 7.7 Hz,
1H), 7.28 (t,J = 7.0 Hz, 1H), 6.82 (d, J = 3.4 Hz, 1H) ppm. 13C NMR (126
MHz, CDCl3) & 145.15, 144.97, 135.19, 130.06, 127.04, 125.41,
123.35,123.21, 121.61, 121.53, 110.41, 106.11 ppm.*®

R12. 1-(3-nitrophenyl)-1H-indole {Ci4H:0N,0,} (69%, 164mg). H
NMR (500 MHz, CDCl5) 6 8.42 (t, J = 2.1 Hz, 1H), 8.23 (d, J = 7.0 Hz,
1H), 7.90 (d, J = 8.0 Hz, 1H), 7.74 (m, 2H), 7.62 (d, J = 7.7 Hz, 1H), 7.41
(d, J=3.3 Hz, 1H), 7.32 (t, J = 7.2 Hz, 1H), 7.29-7.25 (m, 1H), 6.80 (d,
J = 3.3 Hz, 1H) ppm. 3C NMR (126 MHz, CDCl3) & 149.11, 140.89,
135.43, 130.53, 129.66, 129.52, 127.15, 123.17, 121.52, 121.19,
120.75, 118.68, 109.96, 105.34 ppm.*°

R13. 1-(naphthalen-2-yl)-1H-indole {C1gH13N} (64%, 156mg). 'H NMR
(500 MHz, CDCl3) 6 7.97 (d, J = 8.1 Hz, 2H), 7.76 (d, J = 7.9 Hz, 1H),
7.61—7.53 (m, 3H), 7.46 (d, J = 8.0 Hz, 1H), 7.44 — 7.39 (m, 1H), 7.37
(d,J=3.2 Hz, 1H), 7.21-7.16 (m, 1H), 7.16 = 7.11 (m, 1H), 7.05 — 6.99
(m, 1H), 6.78-6.77 (m, 1H) ppm. 3C NMR (126 MHz, CDCl3) 6 138.03,
136.09, 134.48, 130.60, 129.78, 128.46, 128.24, 126.93, 126.63,
125.49, 125.14, 123.41, 122.13, 120.90, 120.10, 110.82, 102.90

ppm.=0

Conflicts of interest
There are no conflicts to declare.
Acknowledgements

KG is thankful to CSIR, New Delhi, India for financial assistance No.
01(2942)/18/EMR-II dated 01-05-2018). SK and VK are thankful to
CSIR, KM is thankful to UGC, AR and AM are thankful to MHRD, India

for financial assistance.

Notes and references

1 R. K. Kumar and T. Punniyamurthy, RSC Advances, 2012, 2, 4616-
46109.

2 D. F. Tardiff, N. T. Jui, V. Khurana, M. A. Tambe, M. L. Thompson, C.
Y. Chung, H. B. Kamadurai, H. T. Kim, A. K. Lancaster, K. A. Caldwell,
G. A. Caldwell, J. C. Rochet, S. L. Buchwald and S. Lindquist, Science,
2013, 342, 979-983.

3S. L. Cincotta and J. S. Rodefer. Neuropsychiatr. Dis. Treat., 2010,
6, 429-441.

4 W. Zhang and J. M. Ready, Nat. Prod. Rep., 2017, 34, 1010-1034.

5 Q. Shen and J. F. Hartwig, Org. Lett., 2008, 10, 4109-4112.

J. Name., 2013, 00, 1-3 | 7


https://doi.org/10.1039/d0nj02568b

oNOYTULT D WN =

3

OVWCoONOOTULID WN-= OV

wN =

lighed,08.1 6 Septenaberd020. Rowpl agsled by CamelURiversityuL kyyary o/
©®N o U IS

o

A Puo
N_l

ocouvuuuuuuuuu bl NDN
SVONOOULBNWNOOVOONO U AW

New Journal of Chemistry

6 B. P. Fors and S. L. Buchwald, J. Am. Chem. Soc., 2010, 132,
15914-15917.

7 (a) I. P. Beletskaya and A. V. Cheprakov, Coord. Chem. Rev., 2004,
248, 2337-2364. (b) S. V. Ley and A. W. Thomas, Angew. Chem.
Int. Ed., 2003, 42, 5400-5449.

8 K. K. Yadav, U. Narang, S. Bhattacharya and S. M. S. Chauhan,

Tetrahedron Lett., 2017, 58, 3044-3048.
9 A. Kiyomori, J. Marcoux and S. L. Buchwald, Tetrahedron Lett.,
1999, 40, 2657-2660.

10J. P. Collman and M. Zhong, Org. Lett., 2000, 2, 1233-1236.

11 L. H. Zou, A. J. Johansson, E. Zuidema and C. Bolm, Chem. Eur. J.,
2013, 19, 8144-8152.

12 A. Klapars, J. C. Antilla, X. Huang and S. L. Buchwald, J. Am.
Chem. Soc., 2001, 123, 7727-7729.

13 R. A. Altman, E. D. Koval and S. L. Buchwald, J. Org. Chem., 2007,
72, 6190-6199.

14 H. J. Cristau, P. P. Cellier, J. F. Spindler and M. Taillefer, Chem.
Eur. J., 2004, 10, 5607-5622.

15 H. Zhang, Q. Cai and D. Ma, J. Org. Chem., 2005, 70, 5164-5173.

16 D. Ma and Q. Cai, Synlett., 2004, 128-130.

17 E. Alcalde, I. Dinarés, S. Rodriguez and C. G. De Miguel, Eur. J.
Org. Chem., 2005, 1637-1643.

18 M. Kuil, E. K. Bekedam, G. M. Visser, A. Van Den Hoogenband, J.
W. Terpstra, P. C. J. Kamer, P. W. N. M. Van Leeuwen and G. P. F.
Van Strijdonck, Tetrahedron Lett., 2005, 46, 2405-2409.

19 L. Liu, M. Frohn, N. Xi, C. Dominguez, R. Hungate and P. J. Reider,
J. Org. Chem., 2005, 70, 10135-10138.

20T. Jerphagnon, G. P. M. Van Klink, J. G. De Vries and G. Van
Koten, Org. Lett., 2005, 7, 5241-5244.

21 L. Xu, D. Zhu, F. Wu, R. Wang and B. Wan, Tetrahedron, 2005, 61,
6553-6560.

22 Z. Zhang, J. Mao, D. Zhu, F. Wu, H. Chen and B. Wan,
Tetrahedron, 2006, 62, 4435-4443,

23 Y. X. Xie, S. F. Pi, J. Wang, D. L. Yin and J. H. Li, J. Org. Chem., 2006,
71, 8324-8327.

24 R. Hosseinzadeh, M. Tajbakhsh and M. Alikarami, Tetrahedron
Lett., 2006, 47, 5203-5205.

25 M. Lakshmi Kantam, G. T. Venkanna, C. Sridhar and K. B. Shiva
Kumar, Tetrahedron Lett., 2006, 47, 3897-3899.

26 X. Jia and P. Peng, Asian J. Org. Chem., 2019, 8, 1548-1554.

27 S. Haneda, Y. Adachi and M. Hayashi, Tetrahedron, 2009, 65,
10459-10462.

8| J. Name., 2012, 00, 1-3

Page 8 of 10

28 J. L. Minnick, D. Domyati, R. Ammons and L. Tahsinivé@ogrg.cg@mg
2019, 7, 1-9. DOI: 10.1039/DONJ02568B

29 S. Kumari, A. K. Dhara, A. Ratnam, K. Mawai, A. Mohanty, V. K.
Chaudhary and K. Ghosh, J. Organomet. Chem., 2020, 0, 00-00

(https://doi.org/10.1016/j.jorganchem.2020.121367).

30 N. Alvarez, C. Noble, M. H. Torre, E. Kremer, J. Ellena, M. Peres de
Araujo, A. J. Costa-Filho, L. F. Mendes, M. G. Kramer and G.
Facchin, Inorganica Chim. Acta, 2017, 466, 559-564.

31S. M. Kuang, D. G. Cuttell, D. R. McMillin, P. E. Fanwick and R. A.
Walton, Inorg. Chem., 2002, 41, 3313—-3322.

32 L. Li, P.S. Lopes, V. Rosa, C. A. Figueira, M. A. N. D. A. Lemos, M.
T. Duarte, T. Avilés and P. T. Gomes, Dalton Trans., 2012, 41,
5144-5154.

33 Y. Wang, W. Duan, B. Liu, X. Chen, F. Yang and J. Guo. J.
Nanomater., 2014, 1-7.

34 R. R. Mondal, S. Khamarui, and D. K. Maiti, ACS Omega, 2016, 1,
251-263.

35 D. G. Brown and U. Weser, Z. Naturforsch. B, 1979, 989-994.

36 J. C. Antilla, A. Klapars and S. L. Buchwald, J. Am. Chem. Soc.,
2002, 124, 11684-11688.

37 G. M. Sheldrick, Acta Crystallogr., Sect. A., 1990, 46, 467-473.

38 (a) G. M. Sheldrick, Acta Crystallogr., Sect. A: Found. Crystallogr.
2008, 64, 112-122. (b) G. M. Sheldrick, Acta Crystallogr., Sect. C:
Struct. Chem., 2015, 71, 3-8. (c) G. M. Sheldrick, SHELXTL NT 2000

version 6.12, Reference Manual, University of Gottingen,
Pergamon, New York, 1980.

39 0. V. Dolomanov, L. J. Bourhis, R. J. Gildea, J. A. K. Howard and H.
Puschmann, J. Appl. Crystallogr., 2009, 42, 339-341.

40 H. Yang, C. Xi, Z. Miao and R. Chen, Eur. J. Org. Chem., 2011, 18,

3353-3360.

41 D. Koseki, E. Aoto, T. Shoji, K. Watanabe Y. In, Y. Kita and T. Dohi,
Tetrahedron Lett., 2019, 18, 1281-1286.

42 P. L. Reddy, R. Arundhathi and D. S. Rawat, RSC Adv., 2015, 5,
92121-92127.

43 X. Li, D. Yang, Y. Jiang and H. Fu, Green Chem., 2010, 12, 1097-
1105.

44 X. Jia and P. Peng, Org. Biomol. Chem., 2018, 16, 8984-8988.

45 X. Wu and W. Hu, Chin. J. Chem., 2011, 29, 2124-2128.

46 L. Liang, Z. Li and X. Zhou, Org. Lett., 2009, 15, 3294-3297.

47 K. Swapna, S. N. Murthy and Y. V. D. Nageswar, Eur. J. Org.
Chem., 2010, 34, 6678-6684.

48 F. Bellina, C. Calandri, S. Cauteruccio and R. Rossi, Eur. J. Org.

This journal is © The Royal Society of Chemistry 20xx


https://chemistry-europe.onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Yang%2C+Haitao
https://chemistry-europe.onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Miao%2C+Zhiwei
https://chemistry-europe.onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Chen%2C+Ruyu
https://www.sciencedirect.com/science/article/pii/S0040403919303326#!
https://www.sciencedirect.com/science/article/pii/S0040403919303326#!
https://www.sciencedirect.com/science/article/pii/S0040403919303326#!
https://www.sciencedirect.com/science/article/pii/S0040403919303326#!
https://www.sciencedirect.com/science/article/pii/S0040403919303326#!
https://www.sciencedirect.com/science/article/pii/S0040403919303326#!
https://www.sciencedirect.com/science/article/pii/S0040403919303326#!
https://www.sciencedirect.com/science/journal/00404039/60/18
https://pubs.rsc.org/en/results?searchtext=Author%3AP.%20Linga%20Reddy
https://pubs.rsc.org/en/results?searchtext=Author%3AR.%20Arundhathi
https://pubs.rsc.org/en/results?searchtext=Author%3ADiwan%20S.%20Rawat
https://pubs.rsc.org/en/results?searchtext=Author%3AXufeng%20Li
https://pubs.rsc.org/en/results?searchtext=Author%3ADaoshan%20Yang
https://pubs.rsc.org/en/results?searchtext=Author%3AYuyang%20Jiang
https://pubs.rsc.org/en/results?searchtext=Author%3AHua%20Fu
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Wu%2C+Xiangmei
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Hu%2C+Weiya
https://chemistry-europe.onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Swapna%2C+Kokkirala
https://chemistry-europe.onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Murthy%2C+Sabbavarapu+Narayana
https://chemistry-europe.onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Nageswar%2C+Yadavalli+Venkata+Durga
https://chemistry-europe.onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Bellina%2C+Fabio
https://chemistry-europe.onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Calandri%2C+Chiara
https://chemistry-europe.onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Cauteruccio%2C+Silvia
https://chemistry-europe.onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Rossi%2C+Renzo
https://doi.org/10.1039/d0nj02568b

[New Journal of Chemistryl, -

Journal Name ARTICLE

Chem., 2010, 13, 2147-2151.

View Article Online

49 R. K. Rao, A. B. Naidu, E. A. Jaseer and G. Sekar, Tetrahedron, DO 10.1039/DONJ025688

2009, 65, 4619-4624.

50 M. Periasamy, P. Vairaprakash and M. Dalai, Organometallics,

oNOYTULT D WN =

2008, 8, 1963-1966.

W N = O Vv

[o )WV, ]

agh o L6 SepxernbeEﬁOZO- Rownl aggled by &

O 00 N

+ Publigh
N = O

This journal is © The Royal Society of Chemistry 20xx J. Name., 2013, 00, 1-3 | 9

Please do not adjust margins


https://www.sciencedirect.com/science/article/pii/S0040402009004463#!
https://www.sciencedirect.com/science/article/pii/S0040402009004463#!
https://www.sciencedirect.com/science/article/pii/S0040402009004463#!
https://www.sciencedirect.com/science/article/pii/S0040402009004463#!
https://doi.org/10.1039/d0nj02568b

New Journal of Chemistry Page 10 of 10

View Article Online
DOI: 10.1039/DONJ02568B

gr,st;aLLbrayonQﬂ.B/ZOZ&lOAO.MEM@ CONO U DN WN =

0oV oOoNOOULIEDdWN=O

N

oyl paded bCronglh Uy
5w

8]
[

N
X=Br I
R= different substituents

N/ \\/

Q /N
el .

v’ Earth abundant metal
¥’ N-arylation reactions
v’ Low catalyst loading

X=Brl1
R= different substituents

307x115mm (96 x 96 DPI)



https://doi.org/10.1039/d0nj02568b

