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Advances on N-Arylation of Indoles by Cross-Coupling Reactions
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Abstract: N-Arylindoles are known to be important subunits due to their key role in medically biological activities. This mini-review ini-
tially covers the important advances on the N-arylation of indoles with aryl halides by palladium, copper or other transition metals-
catalyzed cross-coupling reactions in recent ten years. Subsequently, the synthesis of N-arylindoles from indoles with aryl halides, acti-
vated by electron-withdrawing substituents, by aromatic nucleophilic substitution reactions (SyAr) is also surveyed.
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1. INTRODUCTION

N-Arylindoles are known to be important subunits in a multi-
tude of synthetically and medicinally relevant compounds due to
their key role in interestingly biological activities, such as anti-
estrogen [1], analgesic [2], antiallergy [3], cyclooxygenase (COX)-
1 inhibitors [4], neuroleptic [5], 5-HT, receptor antagonists [6],
FTase inhibitors (FTIs) [7], and anti HIV-1 activities [8]. Usually
the Ullmann-type coupling of indoles with aryl halides represents a
straightforward and inexpensive approach to N-arylindoles. How-
ever, this classical copper-catalyzed Ullmann-type coupling reac-
tion traditionally has some drawbacks, i.e., high reaction tempera-
tures (generally 140 °C or more), highly polar aprotic solvents,
strong bases, requirement of large amounts of aryl halides and
stoichiometric amounts of copper reagents, and low yields [9].
Therefore, the development of a mild and efficient method for con-
structing N-arylindole motifs from indoles is highly desirable.

As depicted in Scheme 1, the transition metals-catalyzed C-N
bond formation via cross-coupling reactions of indoles with aryl
halides has played an important role and has been widely recog-
nized as a useful method in the preparation of N-arylindoles (route
A) [10]. An excellent mini-review on palladium-catalyzed cross-
coupling reactions was reported in 2002 [11].

N
il AN AN route A
| + | — R2
Z N >
H SNAr
route B

Scheme 1.

Additionally, in some instances, an alternative approach for the
formation of C-N bond is the aromatic nucleophilic substitution
reactions (SyAr) of indoles with aryl halides, activated by electron-
withdrawing substituents (route B) [12].
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As a consequence, this mini-review will initially focus on the
important advances on the N-arylation of indoles with aryl halides
by palladium, copper or other transition metals-catalyzed cross-
coupling reactions in recent ten years (route A). Subsequently, the
synthesis of N-arylindoles from indoles with aryl halides, activated
by electron-withdrawing substituents, by aromatic nucleophilic
substitution reactions (SyAr) is also investigated (route B). In each
subsection, the advances are presented in chronological order to
demonstrate sequential progress in this area.

2. N-ARYLATION OF INDOLES WITH ARYL HALIDES BY
TRANSITION METALS-CATALYZED CROSS-COUPLING
REACTIONS

2.1. N-Arylation of Indoles with Aryl Halides by Palladium-
Catalyzed Cross-Coupling Reactions

An efficient N-arylation of indole with aryl halides in the pres-
ence of Cs,CO; or NaO-t-Bu using DPPF (diphenylphosphinofer-
rocene)-ligated palladium was reported. N-Arylindoles were ob-
tained in 72-98% yields (Scheme 2). But complete reaction of in-
dole with electron-rich or electron-neutral aryl halides was required
the higher temperatures and longer reaction time [13].
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X =Cl, Br, I; RZ = electron-withdrawing ,
electron-donating or electron-neutral group
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X =F, Cl, Br; R? = electron-withdrawing group

By choosing an appropriate ligand in combination with
Pd,(dba);, a wide range of indoles were effectively coupled with a
variety of aryl chlorides, bromides, iodides, and triflates to afford
the desired coupling products in good yields (Scheme 3) [14].

As shown in Scheme 4, by using Pd(OAc), with supporting
ligand 1,3-bis(2,6-diisopropylphenyl)-4,5-dihydroimidazol-2-
ylidene (SIPr)HCI system, less reactive indoles were efficiently
coupled with aryl bromides to produce N-arylindoles. The more
donating saturated carbene SIPr in combination with an inexpensive

© 2009 Bentham Science Publishers Ltd.
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strong base (NaOH) mediated this process. This catalytic system
was found to be effective for a variety of aryl bromides and indole
derivatives [15].

Interestingly, N-(4-n-butylphenyl)indole could be obtained in a
92% vyield by the use of Pd,(dba)s/7/KOH/water system (Scheme 5)
[16].

2.2. N-Arylation of Indoles with Aryl Halides by Copper-
Catalyzed Cross-Coupling Reactions

Despite the significant improvements in palladium-catalyzed
processes for the formation of C-N bonds of N-arylindoles, several
important functional groups were incompatible with the above reac-
tion protocols. Furthermore, because of the relatively high cost of
palladium, the development of efficient, mild and inexpensive cata-
lysts for the synthesis of N-arylindoles is very necessary. Generally,
the use of copper-mediated cross-coupling reactions is beneficial
for the construction of N-arylindoles.

As shown in Scheme 6, the indoles, including 2-aryl (72% and
65%) and 7-alkyl (62%), could be efficiently coupled with a variety
of aryl iodides in the presence of 1 mol % of Cul and 10 mol % of
inexpensive racemic trans-1,2-cyclohexanediamine (8). Notewor-
thy was that competitive C-arylation of indoles was not observed
[17].

With the Cul and trans-N,N’-dimethyl-1,2-cyclohexanediamine
(9) or N,N’-dimethyl-ethylenediamine (10) catalytic system, N-
arylindoles were obtained in good to excellent yields by coupling a
variety of indoles with aryl iodides or aryl bromides (Scheme 7).
The reaction of hindered 2-i-Pr-indole with iodobenzene effectively

\ ®
PCyZ
N . .
E i-Pr ] Pr-i
Bu-n

Pr-i
7

proceeded and N-phenyl-2-i-Pr-indole was obtained in a 70% yield.
The mild and remarkably chemoselective nature was highlighted in
this method. For example, when the iodobenzene was coupled with
tryptamine, melatonin, tryptophol, or 5-methoxytryptamine under
the above conditions, excellent selectivity was given on the aryla-
tion of the indole’s nitrogen. The N-arylation of methyl indole-3-
carboxylate or 2,3-dimethylindole with iodobenzene proceeded
smoothly, and the corresponding yields were 96 and 98%, respec-
tively. Moreover, the N-arylation of 5-cyanoindole could be real-
ized using commercially available 10 as an alternative ligand to 9
[18].

By using the Cul/L-proline catalytic system, the coupling reac-
tion of aryl iodides or aryl bromides with indoles could be carried
out at 75-90 °C (Scheme 8). For example, the coupling reaction of
indole with iodobenzene proceeded at 90 °C for 40 h to give N-
phenylindole in a 85% yield. For electron-deficient aryl iodides,
reaction temperature could be lowered to 75-80 °C. Sterically hin-
dered aryl iodides were compatible with these conditions, for ex-
ample, N-(2-methoxyphenyl)indole was obtained in a 79% yield by
coupling 2-methoxyphenyl iodide with indole. However, when
bromobenzene was coupled with indole, low conversion was ob-
served (33%) [19].

As shown in Scheme 9, the 5-bromo-m-xylene could be coupled
with a variety of indoles using the new (Cu(l)OTf),PhH/1,10-
phenanthroline (11) or 4,7-dichloro-1,10-phenanthroline (12) cata-
lytic system. Obviously, the (Cu(l)OTf),PhH/12 system gave supe-
rior conversions compared to the (Cu(l)OTf),PhH/11 system. The
heteroaryl bromides like pyridines and pyrimidines were also con-
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verted quantitatively into C-N coupled products. Moreover, the withdrawing or electron-donating groups at the 4-position of the
reaction proceeded without the formation of side-products [20]. aryl iodides had no impact on the efficiencies of the N-arylation

reactions with indoles. Moreover, a phenolic hydroxy group at the
4-position of iodobenzene was well tolerated under the above reac-
tion conditions, and the required N-(4-hydroxyphenyl)indole was
obtained in a 49% yield [22].

By using K3PO, instead of K,COg in Cul/L-proline system, the
N-arylation of indole with aryl iodides or aryl bromides proceeded
efficiently in dioxane or DMF (Scheme 10) [21].

As shown in Scheme 11, CUOAc-mediated N-arylation of in- Electron-deficient indoles, having no carbonyl grou to the
doles with aryl iodides was with excellent N-selectivity under base- . - - ’ g . y! group a to
nitrogen ring, were efficiently N-arylated with arylboronic acids in

free and ligandless conditions, and the corresponding N-arylindoles ~
were obtained in moderate to good yields. The presence of electron- the presence O.f Cu(OAc), (Scheme 12). The use of DIEA (diiso-
propylethylamine) as a base for the preparation of N-phenyl-3-
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acetylindole gave the superior yield (85%) compared to EtzN (35%) Under ligandless and additive-free conditions, indole was effi-
and pyridine (0%). As compared with 5-nitroindole, 3-acetylindole ciently coupled with iodobenzene or 4-iodotoluene under the 5
afforded higher product yields when reacted with arylboronic acids mol% Cul/5 mol% n-BusNBr (TBAB)/NaOH catalytic system, and

[23].
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the corresponding products were obtained in 80% and 64% vyields, smoothly underwent N-arylation with aryl halides to give the corre-
respectively (Scheme 13) [24]. sponding products in moderate to excellent yields under solvent-

In the presence of cubic Cu,O nanoparticles, 1,10-phenan-
throline (11) and tetra-n-butylammonium fluoride (TBAF), indole

free conditions (Scheme 14). Moreover, satisfactory yields (68-
86%) were obtained from the reactions of indole with nitrogen- and
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sulfur-containing heteroaryl halides under the above conditions.
However, the chlorobenzene was not a suitable substrate for the
reaction with indole under the same conditions [25].

A new method of N-arylation of indole with aryl halides was
described in the presence of Cul/(+)-trans-2,3-bis(4-methoxy-
phenyl)piperazine (13) catalytic system (Scheme 15). When the
indole reacted with the iodophenyl, 1-bromonaphthalene, or 4-

bromotoluene, the corresponding yields were 96%, 82% and 95%,
respectively. But only a trace amount of product was obtained when
4-chloroanisole reacted with indole [26].

An efficient N-arylation of indole with iodobenzene and bro-
mobenzene was developed by using Cu,0/S-ketoimine (14) catalyst
system (Scheme 16). For example, N-phenylindole was obtained in
a 95% vyield in the reaction of indole with iodobenzene. However,
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the N-arylation of indole with bromobenzene afforded the same
product only in a 45% vyield, even the reaction temperature was
increased to 130 °C [27].

The combination of Cul and 1,3-di(pyridin-2-yl)propane-1,3-
dione (15) was also very efficient for C-N coupling reactions to
afford the N-phenylindole in a 85% yield (Scheme 17) [28].

2.3. N-Arylation of Indoles with Aryl Halides by Other Transi-
tion Metals-Catalyzed Cross-Coupling Reactions

Although the significant progress was made in the development
of palladium- and copper-catalyzed cross-coupling reactions for the
preparation of N-arylindoles, there is still a need for new methods
that involve inexpensive and environmentally friendly catalysts.

Recently, by using the novel and promising ligand-assisted
iron-catalyzed system (FeCl; and N, N’-dimethylethylenediamine),
N-phenylindole was obtained in a 60% yield (Scheme 18) [29].

Punniyamurthy et al. discovered that Cd(OAc),-2H,0 in com-
bination with ethylene glycol could efficiently catalyze the C-N
cross-coupling of amines with aryl iodides in excellent yields, for
example, N-phenylindole was obtained in a 97% yield under the
above reaction conditions (Scheme 19) [30].

3. N-ARYLATION OF INDOLES WITH ACTIVATED ARYL
HALIDES BY AROMATIC NUCLEOPHILIC SUBSTITU-
TION REACTIONS (SyAr)

Aromatic nucleophilic substitution reactions (SyAr) has also
been considered as an effective method for the N-arylation of in-
doles with activated aryl halides.

Maiorana et al. reported the synthesis of N-arylindoles from in-
doles with various haloarene chromium tricarbonyl complexes by
SNAr reactions (Scheme 20). The fluoroarenes were more reactive
than the chloroarenes. For example, the fluoro complexes reacted
rapidly with indoles to give complexes 16a-f in good yields at 0°C
(0.5 h). However, when the chloro derivatives reacted with indoles

97%

in order to obtain the same yields as the fluoro ones, the reaction
temperature should be at 30-40°C and the reaction time should be
prolonged to 2-3 h. Only 2-methylindole could react with (fluoro-
benzene)Cr(CO); or (3-fluorotoluene)Cr(CO)s, and the correspond-
ing yields of the expected N-derivatives were 75% and 76%, re-
spectively. Probably due to steric effects, (2-fluorotoluene)Cr(CO);
did not react with 2-methylindole even when the temperature was
increased to 60 °C for a long time. Hence the ortho substitution in
the complexed aromatic ring seemed to be incompatible with any
substitutent at the 2-position of the indole ring [31].

Smith et al. reported potassium fluoride/alumina as an effective
mediator for the preparation of N-(2-, 3-, or 4-pyridyl)indoles via
SNAr reactions. As shown in Scheme 21, the fluoropyridines were
more reactive than the chloropyridines. For example, when the 2-
fluoropyridine and 2-chloropyridine reacted with indole, the corre-
sponding yields were 90% and 61%, respectively. The same results
were also found for 3-fluoropyridine (38%) and 3-chloropyridine
(27%). Surprisingly, a 38% vyield was obtained when 3-fluoro-
pyridine reacted with indole as compared with 2-fluoropyridine
[32].

Once the electron-withdrawing group was introduced on the
halopyridines, the SyAr reaction of which with indole could be
more facile. As shown in Scheme 22, the cross-coupling reaction of
indole with 2-chloro-6-cyanopyridine proceeded easily to give the
predicted product in a 92% yield [32].

We described an efficient SyAr reactions to synthesize N-
arylindoles via C(sp®)-N(sp®) bond formation in the presence of
K,COj3 or Cs,CO3 under microwave irradiation (Scheme 23). It was
noteworthy that the electron-poor 5-nitroindole could smoothly be
coupled with 4-fluoronitrobenzene or 2-fluoronitrobenzene, and the
corresponding yields were 94% and 91%, respectively. The steric
effect was observed. Although K,CO3; was a good base for coupling
the activated fluoroarenes with indole, 5-nitroindole or 3-
methylindole, it was ineffective in the coupling reaction with 7-
methylindole. For example, when 7-methylindole was coupled with
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4-fluoronitrobenzene in the presence of K,CO; for 6x5 min, no
target compound was monitored by thin layer chromatography
(TLC) analysis because the nitrogen atom of 7-methylindole was
strongly hindered. However, when the N-arylation of 7-
methylindole with 4-fluoronitrobenzene or 2-fluoronitrobenzene in
the presence of Cs,COg, the corresponding yields were 62% and 46
%, respectively. Finally, the reactivity of aryl halides was also
investigated and the order was F > Cl > Br [33].

We further studied the coupling reaction of various indoles with
activated haloarenes (X = F, Cl and Br) in the presence of Cs,CO3
under ultrasonic irradiation (Scheme 24). When various indoles
reacted with activated fluoroarenes using sonication by SyAr reac-

tions, N-arylindoles were achieved in 55-98 % yields. Distinct steric
effect was also observed. For example, when 2-fluoronitrobenzene
reacted with indole or 7-methylindole, the corresponding yields
were 91 % and 55 %, respectively. The fluoroarenes underwent
SNAr reactions with indoles more easily than those chloro and
bromo analogues as the same as our previous report [33]. For ex-
ample, when indole reacted with 2-fluoronitrobenzene or 2-chloro-
nitrobenzene, the corresponding yields were 91 % and 55 %, re-
spectively. Especially when indole reacted with 4-bromonitro-
benzene, even if the reaction time was prolonged to 11 h, the corre-
sponding yield of N-(4-nitrophenyl)indole was only 14 % as com-
pared with 4-fluoronitrobenzene (98% for 1.5 h) [34].
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= N —R2 » =
H = 14 examples, 14-98%

N N
N N

(1) R1=H, R2=4-NO,, X =F, 98% (1.5 h)
(2) Rt = H, R? =4-NO,, X = Br, 14% (11 h)

(1) R!=H, R2=2-NO,, X =F, 91% (2 h)
(2) Rt =H, R? = 2-NO,, X = Cl, 55% (2 h)

R =NO,, H, Mg;
R?=NO,, CN, X =F, Cl, Br

2

NO,

NO,

(1) Rt =3-Me, R =2-NO,, X = F, 93% (3 h)
(2) R = 3-Me, R2 = 2-NO,, X = Cl, 41% (5.5 h)

Scheme 24.
F
Rl 0 Rl
N 37% KF.A_I203/ 18-crown-6 NG AN
| A\ " microwave / 2 h \
— ' o = N
N 0
H DMSO/ 180 °C
R2 40 examples, 0-79%
R! = electron-withdrawing groups and electron-donating groups R2
R2 = electron-withdrawing groups
Scheme 25.

With the assistance of microwave technology, the scope and re-
activity of variously substituted indoles with activated aryl fluorides
for constructing N-arylindoles mediated by potassium fluoride on
basic alumina was investigated. The reactivity of the substituted
indoles was position 4 =5 ~ 6 >> 2 =~ 7. The yields of N-arylindoles
were related with the substituents on the indoles, generally, indoles
having electron-donating groups reacted with activated aryl fluo-
rides to give higher product yields when compared with those hav-
ing electron-withdrawing ones (Scheme 25) [35].
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