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ABSTRACT: A straightforward assembly of 1,2-disubstituted indoles
has been developed through a Cu(II)-catalyzed domino coupling/
cyclization process. Under aerobic conditions, a wide range of 1,2-
disubstituted indole derivatives were efficiently and facilely synthesized
from 2-alkynylanilines and boronic acids. 2-(2-Bromoaryl)-1-aryl-1H-
indoles, which were selectively generated in one pot under the Cu
catalysis, afforded the indolo[1,2-f ]phenanthridines via Pd-catalyzed
intramolecular direct C(sp2)−H arylation. The one-pot tandem
approaches to the polycyclic indole derivatives were also successfully
achieved.

■ INTRODUCTION
The indole nucleus is a key motif in numerous natural products,
pharmaceutical agents, and functional materials.1 The assembly
of indole derivatives have attracted great interest.2 Among the
family of indoles, 1,2-disubstituted indoles are an important
class of heterocycles because of their biological activities and
medicinal applications.3 Much attention has been focused
on the synthesis of 1,2-disubstituted indole derivatives.2b−e A
common route is the C−N bond-forming reaction of
2-substituted N−H indoles with an electrophile (e.g., alkyl/
aryl halide).4 However, 2-substituted N−H indoles should be
prepared beforehand. Another popular method is the intra-
molecular annulation of N-substituted 2-alkynylanilines, while
the amino group needs to be premodified.5 The cyclization of
o-gem-dihalovinylanilines also gives 1,2-disubstituted indoles.6

Pd-catalyzed Larock heteroannulation is an important protocol
for the assembly of indoles. This method generally results in
2,3-disubstituted ones.7 Several domino or intramolecular
approaches to 1,2-disubstituted indoles from 2-alkynylanilines
have also been investigated.8 For representative examples, Li et al.
reported a Au(III)-catalyzed double-hydroamination reaction of
o-alkynylanilines with terminal alkynes for the synthesis of N-
alkenylindoles8e (Scheme 1, eq 1); Wu and co-workers
described that PdCl2-catalyzed tandem addition/cyclization
reactions between 2-alkynylanilines and isocyanates furnished
the corresponding N-carbamyl indole derivatives8d (eq 2); the
Asensio group found that the N-carbamylindoles could also be
prepared by the Au(I)-mediated intramolecular heterocycliza-
tion of 1-(o-ethynylaryl)ureas8b (eq 3); Fujioka et al. discovered
an In(III)-promoted domino synthesis of β-(N-indolyl)-α,β-
unsaturated esters from o-alkynylanilines and β-keto esters8c

(eq 4). In spite of their efficiency, expensive, and/or air-sensitive
promoters (such as Pd and Au catalysts) are usually employed.

And notably, most of these protocols require the protection of
inert gas and rigid manipulations. The development of facile,
versatile, and practical approaches to 1,2-disubstituted indoles
just under aerobic conditions still remains as a challenge.
On the other hand, indolo[1,2-f ]phenanthridines, which

incorporate indole and phenanthridine skeletons, are useful
polycyclic indole derivatives and may be utilized for organic
light-emitting diodes (OLEDs)9 and dye-sensitized solar cells
(DSSCs).10 However, although these polycyclic heterocycles
have promising applications, efficient and facile synthetic routes
are rarely documented until now.10−12 One-pot approaches to
these polycyclic heterocycles have been developed. It was
reported that Pd-catalyzed cascade reactions of arynes with
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Scheme 1. Several Previous Reports on the One-Pot
Synthesis of 1,2-Disubstituted Indoles from
2-Alkynylanilines
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N-(o-bromophenyl)indoles afforded the corresponding indolo-
[1,2-f ]phenanthridines.10,11 These polyheterocycles can also
be assembled via Pd-catalyzed tandem C−H/N−H coupling
between 2-arylindoles and o-dihaloarenes.12 Compared with the
traditional stepwise routes, the methods provide more con-
venient and efficient approaches to these heterocycles.
However, both protocols employed special materials, such as
arynes, N-(o-bromophenyl)indoles, and 2-arylindoles; thus, the
application scope may be limited to a certain degree.
Because of the convenience, low cost, and high efficiency,

Cu-mediated domino reactions have been known as powerful
tools for direct assembly of structurally diversified molecules
in one pot.13 The domino N-arylation/hydroamination of
o-alkynylhaloarenes with primary amines generated 1,2-
disubstituted indoles directly, while complex preligands and
strong bases were usually utilized.14 Recently, Miura and co-
workers found that o-alkynlanilines and azoles underwent a
Cu-catalyzed C−H arylation/annulation to afford the N-
azolylindoles (under O2 atmosphere).15 Tang et al. prepared
N-indolyl- or N-benzofuranylindoles through Cu-mediated
tandem reactions between 2-alkynylcyclohexadienimines/
cyclohexadienones and o-alkynylanilines.16 Both pathways
directly gave the N-heteroarylindoles.
Cu-mediated amination of boronic acids (Chan−Lam

coupling) is an attractive C−N bond-forming protocol, partially
because boronic reagents are easily accessible, low toxic, and air
and moisture stable.17 To the best of our knowledge, there is
no report on the Cu-mediated domino generation of 1,2-
disubstituted indoles from o-alkynylanilines and boronic acids.
As part of our continuing efforts in synthesizing N-heterocycles
through Cu-mediated one-pot reactions,18 we report a domino
approach to 1,2-disubstituted indoles under aerobic conditions
based on a Cu-catalyzed domino Chan−Lam coupling/cyclization
process and its application for the tandem assembly of
indolo[1,2-f ]phenanthridines.
We envisaged that the scaffold of 1,2-disubstituted indoles

could be readily constructed through a copper-mediated domino
reaction between 2-alkynylanilines 1 and boronic acids 2
(Scheme 2). The domino process may be initiated by a Cu-
catalyzed intermolecular C−N bond formation to generate
intermediate 3, and the subsequent intramolecular hetero-
annulation under the same Cu catalysis affords the correspond-
ing 1,2-disubstituted indole 4 in one pot. Furthermore, the
intramolecular C−H arylation of the o-haloaryl-containing
products would give the polycyclic indolo[1,2-f ]phenanthridine
5 under the proper conditions.

■ RESULTS AND DISCUSSION

On the basis of the above hypothesis, we commenced our inves-
tigation with the model reaction between 2-(phenylethynyl)-
aniline 1a and phenylboronic acid 2a. Initially, the reaction was
performed in the presence of Cu(OAc)2 (10 mol %), 1,10-
phenanthroline (1,10-phen, 20 mol %), and K2CO3 (1.5 equiv)

in refluxing toluene under air atmosphere. However, neither inter-
mediate 3a nor the desired product 4a was generated (Table 1,
entry 1). Switching the additive to DMG and the base to pyridine
did not improve the result (entry 2). To our delight, a moderate
yield of the desired cyclized product was obtained when decanoic
acid was used as the additive (entry 3).19 DMAP and Cs2CO3
were inferior to pyridine (entries 4 and 5). 2,6-Lutidine acted as
the most efficient and afforded 4a in a good yield (entry 6).
Further study indicated that the heating process also significantly
affected the results. Only intermediate 3a (70% yield) could be
isolated when the mixture was just stirred at room temperature
(entry 7). Increasing the temperature to 60 °C after prestir did
not give obvious improvement (entry 8). However, when the

Scheme 2. Proposed One-Pot Approach to 1,2-Disubstituted Indoles and Indolo[1,2-f ]phenanthridines

Table 1. Optimization of the Reaction Conditionsa

entry catalyst additive base solvent
yield of 4ab

(%)

1 Cu(OAc)2 1,10-phen K2CO3 toluene ndc

2 Cu(OAc)2 DMGd pyridine toluene nd
3 Cu(OAc)2 decanoic acid pyridine toluene 53
4 Cu(OAc)2 decanoic acid DMAP toluene 45
5 Cu(OAc)2 decanoic acid Cs2CO3 toluene trace
6 Cu(OAc)2 decanoic acid 2,6-lutidine toluene 78
7 Cu(OAc)2 decanoic acid 2,6-lutidine toluene e
8 Cu(OAc)2 decanoic acid 2,6-lutidine toluene trace f

9 Cu(OAc)2 decanoic acid 2,6-lutidine toluene 88g

10 Cu(OAc)2 myristic acid 2,6-lutidine toluene 85g

11 CuI decanoic acid 2,6-lutidine toluene 42g

12 Cu(OTf)2 decanoic acid 2,6-lutidine toluene 81g

13 CuBr2 decanoic acid 2,6-lutidine toluene 63g

14 CuCl2 decanoic acid 2,6-lutidine toluene 72g

15 Cu(OAc)2 decanoic acid 2,6-lutidine o-xylene 78g

16 Cu(OAc)2 decanoic acid 2,6-lutidine EGMEh traceg

17 Cu(OAc)2 decanoic acid 2,6-lutidine dioxane 48g

18 Cu(OAc)2 decanoic acid 2,6-lutidine DMF 40g

19 Cu(OTf)2 decanoic acid 2,6-lutidine DCE 67g

20 Cu(OAc)2 decanoic acid 2,6-lutidine toluene 88g,i

21 Cu(OAc)2 decanoic acid 2,6-lutidine toluene 58g,i,j

aReaction conditions: 2-(phenylethynyl)aniline (1.0 mmol), phenyl-
boronic acid (1.5 mmol), Cu catalyst (0.1 mmol, 10 mol %), additive
(0.2 mmol, 20 mol %), base (1.5 mmol, 1.5 equiv), in solvent (3 mL),
under air, at reflux for 24 h. bIsolated yield (when intermediate 3a was
consumed almost completely) or yield based on 1H NMR (when 3a
remained). Since the polarities of 3a and 4a were very close to each
other, their mixture could not be well separated by chromatography.
cnd = not detected. dDMG = N,N-dimethylglycine. eAt rt for 24 h.
Only intermediate 3a (70% yield) was obtained. fAt rt for 8 h, then at
60 °C for 16 h. gAt rt for 8 h, then at reflux for 16 h. hEGME =
ethylene glycol monoethyl ether. i1.1 equiv of 2,6-lutidine was utilized.
jUnder N2 atmosphere.
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Table 2. Copper(II)-Catalyzed One-Pot Synthesis of 1,2-Disubstituted Indolesa
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mixture was heated at reflux (120 °C) after being prestirred at
room temperature, an excellent yield of the desired substituted
indole was obtained (entry 9). Another additive, myristic acid,20

was slightly inferior to decanoic acid (entry 10). We investigated
other copper sources including CuI, Cu(OTf)2, CuBr2 ,and
CuCl2 and identified Cu(OAc)2 as the most efficient catalyst
(compare entry 9 with entries 11−14). Different solvents were
also screened, and toluene proved to be the optimal solvent
(compare entry 9 with entries 15−19). Further investigation
found that 1.1 equiv of the base was adequate for this domino
transformation (entry 20). A control experiment under
nitrogen conditions showed that the reaction was much more
efficient under air atmosphere (entry 21), indicating that
oxygen might play an important role in the transformation.

After the optimized conditions had been established, the
scope of the Cu-mediated domino synthesis was investigated by
using a variety of 2-alkynylanilines and boronic acids (Table 2).
A range of arylboronic acids were utilized. Generally, both
electron-donating groups (p-Me, m-Me, o-Me, p-Pr, and
m-OMe) and electron-withdrawing groups (p-Cl and m-Cl)
on the phenyl rings of the reagents could be well tolerated, and
moderate to excellent yields of the desired N-arylindoles were
obtained (entries 1−8). The Suzuki reagent bearing an ortho-
substituent or an electron-withdrawing substituent showed
relatively lower reactivity (entries 4, 6, and 7). We also inves-
tigated several alkylboronic acids and found that they were
inferior to arylboronic reagents (entries 9−11). Cyclopropylbor-
onic acid 2i reacted with 1a to afford a moderate yield (entry 9);

Table 2. continued

aReaction conditions: 2-alkynylaniline (1.0 mmol), boronic acid (1.5 mmol), Cu(OAc)2 (0.1 mmol, 10 mol %), decanoic acid (0.2 mmol,
20 mol %), 2,6-lutidine (1.1 mmol, 1.1 equiv), in toluene (3 mL), under air, at rt for about 8 h, then at reflux for 16−40 h. bIsolated yield (%).
cMyristic acid was used as the additive instead of decanoic acid.
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the reaction with primary alkylboronic acid 2j gave a lower yield
(entry 10); but the use of secondary alkylboronic acid 2k resulted
in only a trace amount of the product (entry 11). Notably, among
the alkylboronic acids tested, 2i acted as the most active reagent,
probably because of its special character associated with the ring
strain. Various groups on the 2-alkynylanilines were also examined
(entries 12, 15, and 18−23). Either electron-donating group
(Me) or electron-withdrawing group (Cl) on the aryl ring of
the aniline is compatible with the reaction conditions (entries
12−17). However, the strong electron-withdrawing substituent
(CN) has a negative effect (entry 18). Different substituents
on the ethynyl chain of the 2-alkynylanilines were also studied,
and it was found that both the substrates with aryl groups
(including Ph, p-Tol, p-FPh, and o-BrPh) and those bearing
alkyl groups (including cyclopropyl and t-Bu) on the ethynyl
allowed the reaction to proceed smoothly to furnish the desired
1,2-disubstituted indoles (entries 1 and 19−23).
It is noticeable that the ortho-bromide is also compatible

under these conditions, and the remaining o-C−Br bond would
provide an additional opportunity for the further derivation
(Table 2, entry 23). Considering that the intramolecular direct
sp2 C−H arylation of the o-brominated 1,2-diaryl indoles may
lead to the assembly of the corresponding indolo[1,2-f ]-
phenanthridine, which might be useful in the field of
material,9,10 we then tend to transform compound 4v into
the polycyclic indole derivative 5a. Fortunately, the proposed
intramolecular cyclization was successfully achieved under
proper Pd catalysis (Pd(OAc)2/P(p-Tol)3/Cs2CO3/PhMe).
Encouraged by these results, we next turned to synthesize
several substituted indoles with an o-BrPh group by using the
above Cu(II)-catalyzed domino protocol (see Scheme 3,
the synthesis of 4w−z) and applied them to the assembly of
the polyheterocycles, respectively. These indoles also smoothly
underwent the Pd-mediated intramolecular C−H arylation, and
desired indolo[1,2-f ]phenanthridines 5 were delivered in good
yields (see Scheme 3, the assembly of 5b−e).
In order to further facilitate the procedures of the method

and make it more practical, we attempted to perform the above
two-step reactions in one pot. Our investigation showed that
the tandem synthesis of the indolo[1,2-f ]phenanthridines was
feasible. During the preliminary studies, the reaction of 1i with
2a was chosen as the model reaction to examine the conditions.
When the formation of 4v was complete, Pd(OAc)2, P(p-Tol)3,
and Cs2CO3 were added to the reaction mixture (under N2)
without isolation of 4v, and indolo[1,2-f ]phenanthridine 5a
was successfully generated in a good yield (for details, see the
Experimental Section). Under the modified conditions, differ-
ent arylboronic acids were used to study the scope of this one-
pot synthesis (Scheme 4). All three boronic acids tested
successfully reacted with 1i, affording the desired indolo-
[1,2-f ]phenanthridines in moderate to good yields.

To gain insight into the mechanism of the coupling/
cyclization process, several additional control experiments
were also performed (Scheme 5). Under the promotion of
Cu(OAc)2/decanoic acid/2,6-lutidine, the reaction of 1a with
2a at room temperature only delivered intermediate 3a in 70%
yield, and no desired product 4a was observed (Scheme 5,
eq 1). The transformation of the isolated intermediate was
then subjected to different conditions (eq 2−4). Without the
addition of Cu(II) catalyst, no desired indole was generated and
only the intermediate was recovered (eq 2), indicating that the
Cu(II) catalyst was indispensable for this intramolecular
cyclization process. However, in the presence of Cu(OAc)2,
the heterocyclization was efficiently achieved, with or without
the addition of 2,6-lutidine (eq 3 and 4), showing that external
base was unnecessary for the Cu(II)-mediated intramolecular
annulation. Further investigation implied that the addition of
decanoic acid also facilitated the cyclization process to a certain
degree (eq 5 vs eq 4), probably due to the enhancement of the
solubility of the Cu(II) catalyst by coordination.17c

On the basis of our observations and the relevant reports,5h,i,17a,c

a possible mechanism for the coupling/annulation under
aerobic conditions was proposed in Scheme 6. Under the
promotion of base (such as 2,6-lutidine), Cu(II) complex A17a

Scheme 3. Cu-Mediated Domino Synthesis of o-Brominated Indoles and Their Derivation to Indolo[1,2-f ]phenanthridines via
Pd-Catalyzed Intramolecular C−H Arylation

Scheme 4. One-Pot Tandem Synthesis of
Indolo[1,2-f ]phenanthridines

Scheme 5. Several Control Experiments
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would transmetalate with boronic acid B to afford R−Cu(II)
species C. Complex C coordinated with aniline D to give
Cu(II) complex E, which was then converted into Cu(III)
complex F through oxidation by dioxygen (from air). Complex
F underwent a reductive elimination to furnish coupling
product G and Cu(I) complex H. And the oxidation of H
regenerated Cu(II) species A. Then the Cu(II) complex might
coordinate with the C−C triple bond of coupling product G to
form Cu(II) complex I,5h,i and the alkyne was electrophilically
activated. Finally, the intramolecular cyclization followed by
protonolysis would provide the corresponding 1,2-disubstituted
indole K along with the regenerated Cu(II) species.

■ CONCLUSIONS
In conclusion, we have developed a novel single-step approach
to 1,2-disubstituted indoles through Cu(II)-catalyzed domino-
coupling/cyclization reactions of 2-alkynylanilines and boronic
acids. Under inexpensive Cu catalysis and aerobic conditions, a
wide range of the desired 1,2-disubstituted indoles were con-
veniently and efficiently synthesized, and the o-Br-containing
indoles were also selectively assembled in one pot. The poten-
tial of this indole synthesis is presented by its aerobic conditions,
wide application scope, and simple manipulation. Moreover, the
o-brominated products could be transformed into indolo[1,2-f ]-
phenanthridines via Pd-catalyzed intramolecular direct C(sp2)−H
arylation. One-pot tandem synthesis of the polycyclic indole
derivatives was also successfully achieved under sequential Cu/Pd
catalysis. The method may be a useful and practical tool for the
assembly of relevant N-heterocyclic molecules of interest in
medicinal chemistry and material science.

■ EXPERIMENTAL SECTION
General Information. Unless otherwise noted, all one-pot

reactions were carried out in an overdried Schlenk tube equipped
with a magnetic stir bar under aerobic atmosphere. Toluene, o-xylene,
and dioxane were distilled from Na; DMF and DCE were distilled
from CaH2. 2-Alkynylanilines 1 were synthesized according to the
known literature.21 All other reagents were received from commercial
sources and utilized without further purification, if not stated
otherwise. All melting points are uncorrected. The NMR spectra
were recorded in CDCl3 on a 400 MHz or 600 MHz instrument with
TMS as internal standard. Chemical shifts (δ) were reported in parts
per million (ppm) downfield from TMS. Data are represented as
follows: chemical shift, multiplicity (s = singlet, d = doublet, t = triplet,
q = quartet, m = multiplet, b = broad), coupling constant (J, Hz), and
integration. Thin-layer chromatography (TLC) was performed with

0.2 mm thick silica gel plates (GF254). Visualization was accomplished
by UV light. The columns were hand packed with silica gel 60
(160−200 mesh). Unknown products were additionally confirmed by
high-resolution mass spectra (HRMS) using a TOF-MS instrument
with an ESI source.

General Procedure for Cu-Catalyzed One-Pot Synthesis of
1,2-Disubstituted Indoles 4. An oven-dried Schlenk tube was
charged with a magnetic stir bar, 2-alkynylaniline 1 (1.0 mmol,
1 equiv), boronic acid 2 (1.5 mmol, 1.5 equiv), Cu(OAc)2 (0.1 mmol,
10 mol %), and decanoic acid (0.2 mmol, 20 mol %). A solution of
2,6-lutidine (1.1 mmol, 1.1 equiv) in toluene (3 mL) was added via syringe.
The tube was sealed and allowed to stir at room temperature for about 8 h
(monitored by TLC). Then the mixture was stirred at 120 °C for 16−40 h.
After being cooled to room temperature, the mixture was diluted with ethyl
acetate (30 mL), filtered through a plug of silica gel, and concentrated. The
residue was purified by column chromatography on silica gel using petro-
leum ether/EtOAc (50:1 → 20:1, v:v) as eluent to give product 4.

1,2-Diphenyl-1H-indole (4a):6b white solid (237 mg, 88% yield);
mp 78−79 °C (lit.6b mp 78−80 °C); 1H NMR (600 MHz, CDCl3)
δ 7.65−7.68 (m, 1H), 7.35−7.37 (m, 2H), 7.27−7.30 (m, 2H), 7.24−
7.26 (m, 2H) 7.18−7.23 (m, 5H), 7.15−7.16 (m, 2H), 6.79 (s, 1H);
13C NMR (150 MHz, CDCl3) δ 140.8, 139.1, 138.6, 132.7, 129.4
(2C), 129.0 (2C), 128.4, 128.3 (2C), 128.2 (2C), 127.4, 127.3, 122.5,
120.8, 120.7, 110.7, 103.8.

2-Phenyl-1-(p-tolyl)-1H-indole (4b):22 pale yellow solid (258 mg,
91% yield); mp 80−82 °C; 1H NMR (600 MHz, CDCl3) δ 7.67−7.69
(m, 1H), 7.27−7.28 (m, 3H), 7.23−7.25 (m, 3H), 7.19−7.21 (m, 2H),
7.16−7.17 (m, 2H), 7.12−7.13 (m, 2H), 6.79 (s, 1H), 2.39 (s, 3H);
13C NMR (150 MHz, CDCl3) δ 140.9, 139.2, 137.1, 136.0, 132.7,
130.0 (2C), 129.0 (2C), 128.3, 128.26 (2C), 127.9 (2C), 127.4, 122.3,
120.7, 120.6, 110.8, 103.5, 21.3.

2-Phenyl-1-(m-tolyl)-1H-indole (4c):22 white solid (255 mg, 90%
yield); mp 91−93 °C; 1H NMR (400 MHz, CDCl3) δ 7.65−7.67 (m,
1H), 7.24−7.27 (m, 3H), 7.17−7.22 (m, 4H), 7.13−7.16 (m, 2H),
7.07−7.11 (m, 2H), 6.97−6.99 (m, 1H), 6.78 (s, 1H), 2.30 (s, 3H);
13C NMR (100 MHz, CDCl3) δ 140.8, 139.3, 139.2, 138.5, 132.7,
129.1, 128.9 (2C), 128.6, 128.3, 128.2 (2C), 128.1, 127.3, 125.3, 122.3,
120.7, 120.6, 110.8, 103.7, 21.5.

2-Phenyl-1-(o-tolyl)-1H-indole (4d): yellow oil (162 mg, 57%
yield); 1H NMR (400 MHz, CDCl3) δ 7.68−7.70 (m, 1H), 7.30−7.34
(m, 1H), 7.26−7.28 (m, 5H), 7.20−7.23 (m, 3H), 7.12−7.17 (m, 2H),
6.93−6.95 (m, 1H), 6.83 (s, 1H), 1.86 (s, 3H); 13C NMR (100 MHz,
CDCl3) δ 141.2, 139.1, 137.7, 137.0, 132.8, 131.3, 129.6, 128.5, 128.34 (2C),
128.31 (2C), 128.26, 127.4, 127.0, 122.3, 120.5 (2C), 110.9, 102.7, 17.7;
HRMS (ESI) calcd for C21H18N (M + H+) 284.1434, found 284.1439.

2-Phenyl-1-(4-propylphenyl)-1H-indole (4e): pale yellow solid
(255 mg, 82% yield); mp 83−84 °C; 1H NMR (600 MHz, CDCl3)
δ 7.66−7.68 (m, 1H), 7.26−7.29 (m, 3H), 7.19−7.24 (m, 5H), 7.14−
7.17 (m, 4H), 6.79 (s, 1H), 2.60−2.63 (m, 2H), 1.64−1.69 (m, 2H),

Scheme 6. Possible Mechanism for Cu(II)-Catalyzed Coupling/Cyclization Reaction
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0.93−0.97 (m, 3H); 13C NMR (150 MHz, CDCl3) δ 141.9, 140.9,
139.2, 136.1, 132.7, 129.4 (2C), 129.0 (2C), 128.3, 128.2 (2C), 127.9
(2C), 127.3, 122.3, 120.7, 120.6, 110.8, 103.5, 37.7, 24.5, 13.9; HRMS
(ESI) calcd for C23H22N (M + H+) 312.1747, found 312.1742.
1-(4-Chlorophenyl)-2-phenyl-1H-indole (4f):23 yellow solid

(210 mg, 69% yield); mp 100−102 °C; 1H NMR (600 MHz,
CDCl3) δ 7.69−7.70 (m, 1H), 7.36−7.38 (m, 2H), 7.22−7.29 (m,
6H), 7.17−7.20 (m, 4H), 6.79−6.82 (m, 1H); 13C NMR (150 MHz,
CDCl3) δ 140.7, 138.9, 137.2, 132.9, 132.5, 132.3, 129.6 (2C), 129.3
(2C), 129.0 (2C), 128.4 (2C), 127.6, 122.7, 121.1, 120.8, 110.5, 104.3.
1-(3-Chlorophenyl)-2-phenyl-1H-indole (4g): yellow solid

(164 mg, 54% yield); mp 115−117 °C; 1H NMR (600 MHz,
CDCl3) δ 7.67−7.70 (m, 1H), 7.29−7.33 (m, 4H), 7.25−7.27 (m,
5H), 7.18−7.22 (m, 2H), 7.07−7.09 (m, 1H), 6.80 (s, 1H); 13C NMR
(150 MHz, CDCl3) δ 140.7, 139.9, 138.9, 134.9, 132.2, 130.4, 129.0
(2C), 128.48, 128.46 (2C), 128.1, 127.7, 127.6, 126.5, 122.8, 121.2,
120.8, 110.5, 104.4; HRMS (ESI) calcd for C20H15ClN (M + H+)
304.0888, found 304.0895.
1-(3-Methoxyphenyl)-2-phenyl-1H-indole (4h): white solid

(219 mg, 73% yield); mp 95−97 °C; 1H NMR (600 MHz, CDCl3)
δ 7.68−7.69 (m, 1H), 7.35−7.37 (m, 1H), 7.27−7.31 (m, 3H), 7.21−
7.26 (m, 3H), 7.17−7.19 (m, 2H), 6.86−6.88 (m, 1H), 6.80−6.84 (m,
3H), 3.68 (s, 3H); 13C NMR (150 MHz, CDCl3) δ 160.2, 140.8,
139.6, 139.0, 132.6, 130.0, 128.9 (2C), 128.34, 128.28 (2C), 127.4,
122.5, 120.8, 120.7, 120.4, 113.6, 113.2, 110.8, 103.8, 55.4; HRMS
(ESI) calcd for C21H18NO (M + H+) 300.1383, found 300.1392.
1-Cyclopropyl-2-phenyl-1H-indole (4i): yellow oil (128 mg, 55%

yield); 1H NMR (600 MHz, CDCl3) δ 7.60−7.64 (m, 4H), 7.44 (t, J =
7.6 Hz, 2H), 7.37−7.38 (m, 1H), 7.22−7.24 (m, 1H), 7.13 (t, J = 7.6
Hz, 1H), 6.53 (s, 1H). 3.45−3.48 (m, 1H), 0.95−0.99 (m, 2H), 0.66−
0.69 (m, 2H); 13C NMR (150 MHz, CDCl3) δ 141.9, 133.6, 129.5,
128.9 (2C), 128.3 (2C), 127.8, 127.6, 121.7, 120.6, 120.1, 111.1, 102.0,
26.2, 9.2 (2C); HRMS (ESI) calcd for C17H16N (M + H+) 234.1277,
found 234.1285.
1-Butyl-2-phenyl-1H-indole (4j):24 yellow solid (107 mg, 43%

yield); mp 104−106 °C (lit.24 mp 105−106 °C); 1H NMR (600 MHz,
CDCl3) δ 7.63 (d, J = 7.6 Hz, 1H), 7.47−7.48 (m, 2H), 7.42−7.45 (m,
2H), 7.37−7.39 (m, 2H), 7.20−7.23 (m, 1H), 7.11−7.13 (m, 1H),
6.51 (s, 1H), 4.13 (t, J = 7.5 Hz, 2H), 1.63−1.68 (m, 2H), 1.13−1.19
(m, 2H), 0.78 (t, J = 7.4 Hz, 3H); 13C NMR (150 MHz, CDCl3) δ
141.5, 137.5, 133.4, 129.6 (2C), 128.6 (2C), 128.3, 128.0, 121.6, 120.7,
119.8, 110.2, 102.2, 43.8, 32.2, 20.1, 13.7.
5-Methyl-1,2-diphenyl-1H-indole (4k):24 pale yellow solid

(241 mg, 85% yield); mp 88−90 °C (lit.24 mp 89−92 °C); 1H
NMR (600 MHz, CDCl3) δ 7.47 (s, 1H), 7.38−7.41 (m, 2H), 7.31−
7.34 (m, 1H), 7.19−7.27 (m, 8H), 7.00−7.01 (m, 1H), 6.73 (s, 1H),
2.47 (s, 3H); 13C NMR (150 MHz, CDCl3) δ 140.8, 138.8, 137.6,
132.8, 130.1, 129.3 (2C), 129.0 (2C), 128.6, 128.3 (2C), 128.1 (2C),
127.3, 127.2, 124.0, 120.3, 110.4, 103.4, 21.5.
5-Methyl-2-phenyl-1-(p-tolyl)-1H-indole (4l): yellow solid

(268 mg, 90% yield); mp 127−129 °C; 1H NMR (600 MHz,
CDCl3) δ 7.45 (s, 1H), 7.25−7.27 (m, 2H), 7.19−7.23 (m, 3H),
7.14−7.18 (m, 3H), 7.10−7.11 (m, 2H), 6.97−6.99 (m, 1H), 6.70 (s,
1H), 2.45 (s, 3H), 2.37 (s, 3H); 13C NMR (150 MHz, CDCl3) δ
140.9, 137.7, 137.0, 136.2, 132.9, 130.0 (2C), 129.0 (2C), 128.9, 128.5,
128.2 (2C), 127.8 (2C), 127.2, 123.9, 120.2, 110.5, 103.1, 21.5, 21.3;
HRMS (ESI) calcd for C22H20N (M + H+) 298.1590, found 298.1598.
1-(4-Chlorophenyl)-5-methyl-2-phenyl-1H-indole (4m): yellow

solid (229 mg, 72% yield); mp 138−140 °C; 1H NMR (600 MHz,
CDCl3) δ 7.46 (s, 1H), 7.36−7.38 (m, 2H), 7.24−7.26 (m, 5H),
7.15−7.17 (m, 3H), 7.01−7.02 (m, 1H), 6.72 (s, 1H), 2.47 (s, 3H);
13C NMR (150 MHz, CDCl3) δ 140.7, 137.4, 132.8, 132.5, 130.4,
129.6 (2C), 129.5, 129.2 (2C), 129.0 (2C), 128.7, 128.4 (2C), 127.5,
124.3, 120.4, 110.2, 103.9, 21.5; HRMS (ESI) calcd for C21H17ClN
(M + H+) 318.1044, found 318.1059.
5-Chloro-1,2-diphenyl-1H-indole (4n): yellow solid (200 mg, 66%

yield); mp 136−137 °C; 1H NMR (600 MHz, CDCl3) δ 7.62−7.63 (m,
1H), 7.38−7.41 (m, 2H), 7.34 (t, J = 7.4 Hz, 1H), 7.20−7.23 (m, 7H),
7.16−7.18 (m, 1H), 7.09−7.11 (m, 1H), 6.72 (s, 1H); 13C NMR (150
MHz, CDCl3) δ 142.1, 138.2, 137.5, 132.1, 129.5 (2C), 129.3, 129.0 (2C),

128.4 (2C), 128.0 (2C), 127.8, 127.6, 126.3, 122.6, 119.9, 111.8, 103.1;
HRMS (ESI) calcd for C20H15ClN (M + H+) 304.0888, found 304.0897.

5-Chloro-2-phenyl-1-(p-tolyl)-1H-indole (4o): yellow solid
(248 mg, 78% yield); mp 111−113 °C; 1H NMR (600 MHz,
CDCl3) δ 7.61 (m, 1H), 7.21−7.23 (m, 5H), 7.17−7.18 (m, 2H),
7.14−7.15 (m, 1H), 7.06−7.08 (m, 3H), 6.69 (s, 1H), 2.37 (s, 3H);
13C NMR (150 MHz, CDCl3) δ 142.1, 137.5, 135.5, 132.2, 130.1
(2C), 129.2, 129.0 (2C), 128.3 (2C), 127.74 (2C), 127.67, 126.2,
122.5, 121.7, 119.8, 111.8, 102.9, 21.3; HRMS (ESI) calcd for
C21H17ClN (M + H+) 318.1044, found 318.1047.

5-Chloro-1-(4-chlorophenyl)-2-phenyl-1H-indole (4p): yellow
solid (179 mg, 53% yield); mp 134−135 °C; 1H NMR (600 MHz,
CDCl3) δ 7.63−7.64 (m, 1H), 7.38−7.39 (m, 2H), 7.27−7.28 (m,
3H), 7.22−7.24 (m, 2H), 7.15−7.16 (m, 3H), 7.12−7.14 (m, 1H),
6.72 (s, 1H); 13C NMR (150 MHz, CDCl3) δ 142.0, 136.8, 133.4,
132.5, 131.8, 129.8 (2C), 129.2 (2C), 129.1 (2C), 128.5 (2C), 128.0,
126.6, 122.9, 121.7, 120.1, 111.5, 103.6; HRMS (ESI) calcd for
C20H14Cl2N (M + H+) 338.0498, found 338.0508.

1,2-Diphenyl-1H-indole-5-carbonitrile (4q): yellow solid (141 mg,
48% yield); mp 158−160 °C; 1H NMR (600 MHz, CDCl3) δ 8.02 (s,
1H), 7.43−7.46 (m, 2H), 7.38−7.42 (m, 3H), 7.29−7.30 (m, 1H),
7.23−7.27 (m, 6H), 6.84 (s, 1H); 13C NMR (150 MHz, CDCl3) δ
143.3, 140.5, 137.5, 131.5, 130.0, 129.7 (2C), 129.1 (2C), 128.5 (2C),
128.23, 128.22, 128.1, 128.0 (2C), 126.1, 125.3, 120.8, 111.6, 103.8;
HRMS (ESI) calcd for C21H15N2 (M + H+) 295.1230, found 295.1237.

2-(4-Fluorophenyl)-1-phenyl-1H-indole (4r):6f yellow solid
(201 mg, 70% yield); mp 119−121 °C (lit.6f mp 121−122 °C); 1H
NMR (600 MHz, CDCl3) δ 7.68 (s, 1H), 7.40−7.41 (m, 2H), 7.32−
7.35 (m, 1H), 7.28 (s, 1H), 7.18−7.22 (m, 6H), 6.92−6.93 (m, 2H),
6.76 (s, 1H); 13C NMR (150 MHz, CDCl3) δ 162.2 (d, JC−F = 247.2
Hz), 139.8, 139.0, 138.4, 130.7 (d, JC−F = 8.0 Hz) (2C), 129.5 (2C),
128.8 (d, JC−F = 2.8 Hz), 128.3, 128.2 (2C), 127.5, 122.5, 120.9, 120.6,
115.4 (d, JC−F = 21.4 Hz) (2C), 110.8, 103.7.

1-Phenyl-2-(p-tolyl)-1H-indole (4s): pale yellow solid (241 mg,
85% yield); mp 130−132 °C; 1H NMR (600 MHz, CDCl3) δ 7.66−
7.68 (m, 1H), 7.38−7.41 (m, 2H), 7.31−7.34 (m, 1H), 7.23−7.28 (m,
3H), 7.14−7.17 (m, 4H), 7.02−7.05 (m, 2H), 6.76 (s, 1H), 2.29 (s,
3H); 13C NMR (150 MHz, CDCl3) δ 141.0, 139.0, 138.7, 137.2,
129.7, 129.4 (2C), 129.0 (2C), 128.9 (2C), 128.4, 128.2 (2C), 127.3,
122.3, 120.8, 120.5, 110.7, 103.4, 21.3; HRMS (ESI) calcd for
C21H18N (M + H+) 284.1434, found 284.1441.

2-Cyclopropyl-1-phenyl-1H-indole (4t): yellow oil (149 mg, 64%
yield); 1H NMR (600 MHz, CDCl3) δ 7.53−7.55 (m, 1H), 7.48−7.51
(m, 2H), 7.41−7.45 (m, 2H), 7.38−7.41 (m, 1H), 7.07−7.14 (m, 3H),
6.19 (s, 1H), 1.67−1.68 (m, 1H), 0.82−0.86 (m, 2H), 0.75−0.79 (m, 2H);
13C NMR (150 MHz, CDCl3) δ 144.1, 138.2, 129.4 (2C), 128.18, 128.17
(2C), 128.06, 127.6, 121.2, 120.2, 119.9, 110.0, 97.4, 8.49, 8.46 (2C);
HRMS (ESI) calcd for C17H16N (M + H+) 234.1277, found 234.1286.

2-(tert-Butyl)-1-phenyl-1H-indole (4u): yellow oil (152 mg, 61%
yield); 1H NMR (600 MHz, CDCl3) δ 7.57 (d, J = 7.8 Hz, 1H), 7.47−
7.49 (m, 3H), 7.36−7.37 (m, 2H), 7.06−7.09 (m, 1H), 7.00−7.03 (m,
1H), 6.64 (d, J = 8.2 Hz, 1H), 6.47 (s, 1H), 1.25 (s, 9H); 13C NMR
(150 MHz, CDCl3) δ 150.7, 140.9, 132.3, 130.9 (2C), 129.5, 129.1
(2C), 128.7, 121.2, 119.9, 119.7, 110.3, 99.3, 33.4, 31.1 (3C); HRMS
(ESI) calcd for C18H20N (M + H+) 250.1590, found 250.1596.

2-(2-Bromophenyl)-1-phenyl-1H-indole (4v): yellow oil (268 mg,
77% yield); 1H NMR (400 MHz, CDCl3) δ 7.70−7.72 (m, 1H), 7.52
(d, J = 7.8 Hz, 1H), 7.29−7.36 (m, 3H), 7.18−7.25 (m, 7H), 7.09−
7.13 (m, 1H), 6.75 (s, 1H); 13C NMR (100 MHz, CDCl3) δ 139.0,
138.0, 137.8, 134.3, 133.1, 132.9, 129.7, 129.0 (2C), 128.0, 127.8 (2C),
127.1, 126.9, 124.8, 122.6, 121.0, 120.8, 110.8, 105.3; HRMS (ESI)
calcd for C20H15

81BrN (M + H+) 350.0367, found 350.0368.
2-(2-Bromophenyl)-1-(p-tolyl)-1H-indole (4w): yellow oil (293 mg,

81% yield); 1H NMR (600 MHz, CDCl3) δ 7.70−7.72 (m, 1H), 7.49−
7.52 (m, 1H), 7.33−7.35 (m, 1H), 7.23−7.26 (m, 1H), 7.08−7.20 (m, 8H),
6.73−6.75 (m, 1H), 2.30 (s, 3H); 13C NMR (150 MHz, CDCl3) δ
139.1, 137.9, 136.9, 135.4, 134.4, 133.1, 132.9, 129.67 (2C), 129.63,
128.0, 127.6 (2C), 126.8, 124.8, 122.5, 120.9, 120.7, 110.9, 105.0, 21.2;
HRMS (ESI) calcd for C21H17

81BrN (M + H+) 364.0524, found 364.0528.
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2-(2-Bromophenyl)-1-(o-tolyl)-1H-indole (4x): yellow oil (225 mg,
62% yield); 1H NMR (600 MHz, CDCl3) δ 7.72−7.74 (m, 1H), 7.57
(d, J = 7.8 Hz, 1H), 7.22−7.24 (m, 3H), 7.17−7.20 (m, 3H), 7.07−
7.13 (m, 3H), 6.95−6.96 (m, 1H), 6.84 (s, 1H), 1.99 (s, 3H); 13C
NMR (150 MHz, CDCl3) δ 139.1, 137.9, 136.9, 136.7, 133.8, 133.2,
132.7, 131.1, 129.8, 129.4, 128.3, 127.7, 126.6, 126.5, 124.5, 122.5,
120.9, 120.5, 111.1, 105.2, 18.1; HRMS (ESI) calcd for C21H17

81BrN
(M + H+) 364.0524, found 364.0532.
2-(2-Bromophenyl)-1-(4-propylphenyl)-1H-indole (4y): yellow oil

(285 mg, 73% yield); 1H NMR (600 MHz, CDCl3) δ 7.70−7.71 (m,
1H), 7.54 (d, J = 8.0 Hz, 1H), 7.35−7.36 (m, 1H), 7.23 (s, 1H), 7.17−
7.20 (m, 3H), 7.11−7.13 (m, 5H), 6.74 (s, 1H), 2.56 (t, J = 7.4 Hz,
2H), 1.60−1.64 (m, 2H), 0.91 (t, J = 7.4 Hz, 3H); 13C NMR (150
MHz, CDCl3) δ 141.6, 139.1, 137.9, 135.5, 134.3, 133.1, 132.9, 129.6,
129.0 (2C), 127.9, 127.5 (2C), 126.8, 124.8, 122.5, 120.9, 120.6, 110.9,
105.0, 37.7, 24.4, 13.9; HRMS (ESI) calcd for C23H21

81BrN (M + H+)
392.0837, found 392.0848.
2-(2-Bromophenyl)-1-(4-chlorophenyl)-1H-indole (4z): white solid

(241 mg, 63% yield); 127−130 °C; 1H NMR (600 MHz, CDCl3) δ
7.70−7.73 (m, 1H), 7.53−7.55 (m, 1H), 7.32−7.33 (m, 1H), 7.26−
7.30 (m, 3H), 7.20−7.25 (m, 3H), 7.16−7.17 (m, 3H), 6.76 (s, 1H);
13C NMR (150 MHz, CDCl3) δ 138.9, 137.6, 136.6, 133.9, 133.1,
133.0, 132.7, 130.0, 129.3 (2C), 128.9 (2C), 128.1, 127.1, 124.8, 122.9,
121.1, 121.0, 110.5, 105.6; HRMS (ESI) calcd for C20H14

81BrClN
(M + H+) 383.9978, found 383.9987.
Intermediate N-phenyl-2-(phenylethynyl)aniline (3a):25 yellow oil

(189 mg, 70% yield); 1H NMR (600 MHz, CDCl3) δ 7.51−7.53 (m,
2H), 7.46−7.48 (m, 1H), 7.31−7.36 (m, 5H), 7.24−7.26 (m, 1H),
7.19−7.21 (m, 3H), 7.03 (t, J = 7.4 Hz, 1H), 6.80−6.83 (m, 1H), 6.51
(s, 1H); 13C NMR (150 MHz, CDCl3) δ 145.0, 141.8, 132.7, 131.6
(2C), 129.6, 129.5 (2C), 128.56 (2C), 128.55, 123.2, 122.7, 120.4
(2C), 119.3, 113.6, 110.3, 95.7, 85.8.
General Procedure for Pd-Catalyzed Synthesis of Indolo[1,2-f ]-

phenanthridine 5. An oven-dried Schlenk tube was charged with a
magnetic stir bar, brominated 1,2-diphenyl-1H-indole 4 (0.5 mmol,
1 equiv), Pd(OAc)2 (0.025 mmol, 5 mol %), P(p-Tol)3 (0.05 mmol,
10 mol %), and Cs2CO3 (0.6 mmol, 1.2 equiv). The tube was capped
and then evacuated and backfilled with nitrogen (3 times). Under a
positive pressure of nitrogen, toluene (3 mL) was added via syringe.
The tube was sealed and allowed to stir at 110 °C (monitored by
TLC). After being cooled to room temperature, the mixture was
diluted with ethyl acetate (30 mL), filtered through a plug of silica gel,
and concentrated. The residue was purified by column chromatog-
raphy on silica gel using petroleum ether/EtOAc (20:1→ 10:1, v:v) as
eluent to give product 5.
General Procedure for One-Pot Synthesis of Indolo[1,2-f ]-

phenanthridine 5. An oven-dried Schlenk tube was charged with a
magnetic stir bar, 2-alkynylaniline 1 (0.3 mmol, 1 equiv), boronic acid
2 (0.45 mmol, 1.5 equiv), Cu(OAc)2 (0.03 mmol, 10 mol %),
and decanoic acid (0.06 mmol, 20 mol %). A solution of 2,6-lutidine
(0.33 mmol, 1.1 equiv) in toluene (3 mL) was added via syringe. The tube
was sealed and allowed to stir at room temperature for about 8 h
(monitored by TLC) and then stir at 120 °C for 22−32 h. After the
solution was cooled to room temperature, Pd(OAc)2 (0.03 mmol,
10 mol %), P(p-Tol)3 (0.06 mmol, 20 mol %), and Cs2CO3 (0.36 mmol,
1.2 equiv) were added under positive nitrogen atmosphere. After being
filled with a positive nitrogen stream (for about 3 min), the tube was sealed
and allowed to stir at 110 °C for 12−15 h (monitored by TLC). After
being cooled to room temperature, the mixture was diluted with ethyl
acetate (30 mL), filtered through a plug of silica gel, and concentrated. The
residue was purified by column chromatography on silica gel using petro-
leum ether/EtOAc (20:1 → 10:1, v/v) as eluent to give product 5.
Indolo[1,2-f ]phenanthridine (5a):10 white solid (115 mg, 86%

yield); mp 140−141 °C (lit.10 mp 140−142 °C); 1H NMR (600 MHz,
CDCl3) δ 8.48 (d, J = 8.4 Hz, 1H), 8.34 (d, J = 8.4 Hz, 1H), 8.25 (d,
J = 7.8 Hz, 1H), 8.14−8.16 (m, 1H), 8.06−8.08 (m, 1H), 7.81 (d,
J = 7.6 Hz, 1H), 7.52 (t, J = 7.4 Hz, 1H), 7.41−7.45 (m, 2H), 7.29−
7.36 (m, 3H), 7.21 (s, 1H); 13C NMR (150 MHz, CDCl3) δ 136.1,
135.4, 134.0, 130.5, 128.9, 128.3, 128.0, 127.0, 126.3, 124.3, 124.2,
123.2, 122.6, 122.2, 122.17, 121.9, 121.2, 116.5, 114.4, 96.3.

6-Methylindolo[1,2-f ]phenanthridine (5b): white solid (117 mg,
83% yield); mp 165−167 °C; 1H NMR (600 MHz, CDCl3) δ 8.34 (d,
J = 8.4 Hz, 1H), 8.30 (d, J = 8.4 Hz, 1H), 8.14−8.15 (m, 1H), 8.06−
8.08 (m, 1H), 8.02 (s, 1H), 7.81 (d, J = 7.4 Hz, 1H), 7.40−7.45 (m,
2H), 7.29−7.36 (m, 3H), 7.20 (s, 1H), 2.44 (s, 3H); 13C NMR (150
MHz, CDCl3) δ 135.3, 134.0, 133.9, 132.6, 130.4, 129.8, 128.2, 127.9,
127.0, 126.4, 124.4, 124.3, 122.6, 122.1, 122.0, 121.7, 121.2, 116.4,
114.3, 96.0, 21.3; HRMS (ESI) calcd for C21H16N (M + H+) 282.1277,
found 282.1281.

8-Methylindolo[1,2-f ]phenanthridine (5c): white solid (111 mg,
79% yield); mp 143−145 °C; 1H NMR (600 MHz, CDCl3) δ 8.14 (d,
J = 7.5 Hz, 1H), 8.07 (t, J = 7.5 Hz, 2H), 7.76−7.79 (m, 1H), 7.46−
7.49 (m, 1H), 7.40−7.44 (m, 2H), 7.35−7.36 (m, 1H), 7.31(t, J = 7.6
Hz, 1H), 7.25−7.28 (m, 2H), 7.20 (s, 1H), 2.41 (s, 3H); 13C NMR
(150 MHz, CDCl3) δ 136.7, 135.8, 133.4, 131.9, 129.7, 128.3, 127.9,
127.7, 127.2, 126.5, 124.9, 123.9, 123.7, 122.8, 121.5, 120.74, 120.69,
120.62, 115.1, 97.4, 22.4; HRMS (ESI) calcd for C21H16N (M + H+)
282.1277, found 282.1278.

6-Propylindolo[1,2-f ]phenanthridine (5d): white solid (125 mg,
81% yield); mp 191−192 °C; 1H NMR (600 MHz, CDCl3) δ 8.31−
8.33 (m, 1H), 8.28 (d, J = 8.2 Hz, 1H), 8.10−8.12 (m, 1H), 7.99−8.02
(m, 2H), 7.78 (d, J = 7.6 Hz, 1H), 7.36−7.39 (m, 2H), 7.29−7.35 (m,
2H), 7.26−7.27 (m, 1H), 7.14 (s, 1H), 2.65 (t, J = 7.6 Hz, 2H), 1.67−
1.73 (m, 2H), 0.98 (t, J = 7.4 Hz, 3H); 13C NMR (150 MHz, CDCl3)
δ 137.2, 135.2, 134.1, 133.8, 130.3, 129.0, 128.0, 127.7, 127.0, 126.2,
124.2, 123.7, 122.4, 121.92, 121.90, 121.6, 121.0, 116.2, 114.2, 95.9,
37.7, 24.8, 14.0; HRMS (ESI) calcd for C23H20N (M + H+) 310.1590,
found 310.1596.

6-Chloroindolo[1,2-f ]phenanthridine (5e): yellow solid (115 mg,
76% yield); mp 177−179 °C; 1H NMR (600 MHz, CDCl3) δ 8.31 (d,
J = 8.8 Hz, 1H), 8.19 (d, J = 8.0 Hz, 1H), 8.12 (d, J = 2.2 Hz, 1H),
8.02 (t, J = 7.8 Hz, 2H), 7.79 (d, J = 7.0 Hz, 1H), 7.41−7.47 (m, 3H),
7.32−7.37 (m, 2H), 7.16 (s, 1H); 13C NMR (150 MHz, CDCl3) δ 135.0,
134.5, 133.9, 130.4, 129.0, 128.6, 128.5, 128.1, 126.5, 125.8, 124.3, 124.0,
123.9, 122.6, 122.5, 122.2, 121.4, 117.6, 114.1, 96.8; HRMS (ESI) calcd
for C20H13ClN (M + H+) 302.0731, found 302.0737.
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