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Abstract: The palladium-catalyzed intramolecular N-arylation of
the Blaise reaction intermediate, formed by reaction of nitriles with
an in situ generated Reformatsky reagent from ethyl a-bromo-a-(2-
bromophenyl)acetate and zinc, afforded indoles in good yields. Ex-
tension of this approach to the chemoselective intramolecular N-
alkylation/palladium-catalyzed N-arylation of the Blaise reaction
intermediate, having w-chloroalkyl appendages, provided a novel
route for the tandem one-pot synthesis of N-fused indole deriva-
tives. In contrast, the intermolecular coupling reaction of the Blaise
reaction intermediates with 1,2-dihalobenzene did not proceed in
the presence of a palladium catalyst, but proceeded in the presence
of copper(I) iodide as the catalyst and resulted in indoles.
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Reaction of the Blaise Reaction Intermediate with 
1,2-Dihaloarenes
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1 Introduction

Indoles are an iconic component of numerous natural
products and potent pharmaceutical drugs.1 Although a
large number of methodologies for the construction or
structural modifications of the indole scaffold are avail-
able,2 straightforward preparation of structurally diverse
indoles remains an important subject in synthetic chemis-
try.3 In recent years, transition-metal-catalyzed methods,
in particular on palladium-catalyzed C–C or C–C/C–N
coupling processes, have proved to be especially useful.4

Figure 1 schematically presents some of these palladium-
catalyzed coupling strategies: (a) intermolecular coupling
of o-haloanilines with alkynes (known as Larock indole
synthesis),5 (b) coupling of anilines with alkynes involv-
ing C–H activation,6 (c) C–C/Suzuki and C–N/Heck se-
quences of o-amino-b,b-dihalostyrenes,7 (d) C–N/C–N
bond-forming reactions of o-halostyrenes with primary

amines,8 (e) C–N/C–C coupling of 1,2-dihaloarenes with
imines,9 (f) intramolecular C–C couplings of N-aryl b-
enaminocarbonyls involving C–H activation,10 and (g) cy-
clization of o-alkynylanilines.11 However, most of these
approaches rely on the use of anilines or amines as nitro-
gen sources, and, therefore, the development of new
methods for the synthesis of indole derivatives from readi-
ly available non-amino compounds is a subject of interest.
The value of these methods would be greatly enhanced if
the reactions were run in tandem, as this would minimize
the synthetic steps and waste generation.12 We herein re-
port tandem one-pot approaches for the syntheses of in-
doles and N-fused indoles using the Blaise reaction
intermediate, formed from readily available nitriles and
Reformatsky reagents (Scheme 1).

Due to their functional group tolerance, the use of orga-
nozinc reagents has gained particular attention in the de-
velopment of tandem reactions.13 However, methods for
the construction of the indole moiety using organozinc re-
agents are rather limited. To the best of our knowledge,
the reaction of alkylzinc reagents with aryldiazonium tet-
rafluoroborates, disclosed recently by Knochel et al., is
the only precedent for indole synthesis using organozinc
reagents.14 We recently recognized the Blaise reaction in-
termediate, a zinc bromide complex of a b-enamino es-
ter,15 as a polyfunctionalized organozinc that combines

Figure 1 The relevant strategies for palladium-catalyzed indole
synthesis
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the C/N-divalent nucleophilic enamine with the electro-
philic a,b-unsaturated ester. In recent years, we have ex-
plored the latent potential of the Blaise reaction
intermediate as a reagent of choice for tandem bond for-
mation reactions.16 Along this line, considering the well-
developed palladium-catalyzed coupling reaction of orga-
nozinc reagents with aryl halides,17 we became interested
in the palladium-catalyzed intramolecular N-arylation of
the Blaise reaction intermediate for the construction of the
indole moiety. In our previous communication, we report-
ed the feasibility of this new approach in constructing the
indole skeleton [Scheme 1, (a) and (b)].18 In this article,
we described details of this tandem one-pot synthesis of
indole and N-fused indoles. In addition, the intermolecu-
lar N–C/C–C coupling of the Blaise reaction intermediate
with 1,2-dihaloarenes has also been investigated as an al-
ternative approach for tandem one-pot synthesis of in-
doles [Scheme 1, (c)].

2 Results and Discussion

2.1  Palladium-Catalyzed Intramolecular C–N 
Coupling of the Blaise Reaction

Palladium-catalyzed cross-coupling reactions of orga-
nozinc reagents with aryl halides have been extensively
investigated. However, all of them involve C–C cou-
plings. Moreover, the reactivity of the Blaise reaction in-
termediate in palladium-catalyzed coupling reactions has
not been explored to date. To investigate the reactivity of
the Blaise reaction intermediate under palladium-cata-

lyzed intramolecular coupling conditions, the intermedi-
ate 3a was prepared by the reaction of benzonitrile (1a)
with a Reformatsky reagent, generated in situ from ethyl
a-bromo-a-(2-bromophenyl)acetate (2a) and zinc. Based
on the recently disclosed palladium-catalyzed cross-cou-
plings of the Reformatsky reagents with aryl halides under
base-free conditions,19 we initially anticipated that the
palladium-catalyzed intramolecular C–N coupling of 3a
would be possible in the absence of a base. However, the
tandem C–N coupling reactions of 3a, using palladium
catalysts such as Pd(PPh3)4 (7.4 mol%) and Pd(dba)2 (5
mol%)/SPhos (10 mol%) [SPhos: 2-(dicyclohexylphos-
phino)-2¢,6¢-dimethoxybiphenyl],20 did not proceed at all
(Table 1, entries 1–3). These results suggest that the nu-
cleophilicity of the Blaise reaction intermediate 3a may
not be sufficiently high for intramolecular transmetalation
of the Pd2+ species, formed by oxidative addition of the 2-
bromo group with Pd(0). In order to increase the nucleo-
philicity of the Blaise reaction intermediate, we added 2.0
equivalents of a non-nucleophilic base, sodium hexameth-
yldisilazanide, which resulted in the formation of the de-
sired indole 4a in 30% yield with Pd(PPh3)4 as the catalyst
(entry 4) and a 47% yield with Pd(dba)2/SPhos (entry 5).
Encouraged by these results, we screened mono- and bis-
phosphine ligands (entries 6–11). Unfortunately, the in-
tramolecular C–N coupling of 3a occurred much less
effectively with the palladium catalysts ligated by steri-
cally congested XPhos [2-(dicyclohexylphosphino)-
2¢,4¢,6¢-triisopropylbiphenyl]21 (entry 6), simple tricyclo-
hexylphosphine (entry 7), Feringa’s rac-phosphoamidate
ligand L-X (entry 8),22 rac-BINAP (entry 9),23 XanPhos
(entry 10),24 and bisphosphine ligand L-Y, which has been
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used as a chiral ligand in our previous work on rhodium-
catalyzed asymmetric hydrogenation (entry 11).25 We
next investigated the effect of a base on the intramolecular
coupling of 3a using Pd(dba)2/SPhos in toluene. As
shown in entries 12–14, no indole 4a was formed from the
reaction with potassium tert-butoxide, potassium carbon-
ate, or cesium carbonate as the base, which may be largely
due to low solubility of these bases in toluene. Finally, we
found that the intramolecular C–N coupling of the Blaise
reaction intermediate 3a proceeded smoothly by employ-
ing 2.0 equivalents of tert-butyllithium as the base (condi-
tions A) to afford the desired indole 4a in 74% yield (entry
15).

Initially, we considered that conditions A could be the op-
timal reaction condition to conduct the intramolecular N-
arylative coupling of the Blaise reaction intermediate, and
we investigated the generality of this tandem reaction with
various nitriles. As shown in Table 2, the 3-methyl- (1b)
and 4-methyl benzonitriles (1c) afforded the correspond-
ing indoles 4b,c in good yields under conditions A (entries
2 and 3). Disappointingly, the tandem reactions with the
Blaise reaction intermediates 3d and 3e, prepared from
the electron-withdrawing group substituted 4-(trifluoro-
methyl)benzonitrile (1d) and heteroaromatic furan-2-car-
bonitrile (1e) dramatically decreased the yield of indoles
4d,e (entries 4 and 5). Moreover, reactions with alkane-
nitriles become more problematic, and thus, from the tan-
dem reaction with the Blaise reaction intermediate,
formed from phenylacetonitrile (1f), the indole 4f was
only detected by TLC, which may due to the deprotona-
tion of the benzylic proton with the strong base, causing
serious side reactions (entry 6).

To overcome the substrate limitation of conditions A, we
attempted to re-optimize the reaction conditions with
Pd(PPh3)4 (Table 1, entry 4). Changing the solvent to a
polar solvent such as N,N-dimethylformamide and di-
methyl sulfoxide substantially improved yields (entries 16
and 17). The yield was increased twofold when the base
was changed to potassium tert-butoxide resulting in 4a in
68% yield (entry 18). However, the yield decreased as the
amount of base increased (entry 19). To our delight, the
amount of base decreased to 1.3 equivalents, the indole 4a
was formed with 84% yield (entry 20) (conditions B). 

Under these re-optimized conditions B, the indoles 4a–f
could be synthesized in good yields (Table 2, entries 1–6).
Both aliphatic and aromatic nitriles with electron-with-
drawing and -donating groups could also be converted
into the corresponding indoles 4a–l in moderate to good
yields. The possible reaction pathway for the formation of
indoles 4 via palladium-catalyzed intramolecular N-aryla-
tion of the Blaise reaction intermediate 3 is depicted in
Scheme 2. The arylpalladium(II) bromide complex A,
formed by oxidative addition of 3 to Pd(0), may be coor-
dinated with the nitrogen atom of the iminoenolate, which
can be generated by deprotonation of the acidic N–H pro-
ton with the base, potassium tert-butoxide. Intramolecular
transmetalation, and reductive elimination of the resulting
Pd(II) complex B could regenerate Pd(0) for further
catalytic cycles, and the zinc bromide complex of indole
4-ZnBr, which can then be converted into 4 after workup.

Scheme 1 Methods for tandem one-pot synthesis of indoles using the Blaise reaction intermediate
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Table 1 Condition Optimization for Intramolecular Palladium-Catalyzed Arylative C–N Coupling of the Blaise Reaction Intermediate for 
Tandem One-Pot Synthesis of Indoles

Entry Pd Ligand Base Solvent Temp (°C) Time (h) Yieldb (%)

1 Pd(PPh3)4 – – THF 65 48 –

2 Pd(PPh3)4 – – DMF 120 48 –

3 Pd(dba)2 SPhos – THF 65 48 –

4 Pd(PPh3)4 – NaHMDS toluene 110 24 30

5 Pd(dba)2 SPhos NaHMDS toluene 110 48 47

6 Pd(dba)2 XPhos NaHMDS toluene 110 48 39

7 Pd(dba)2 Cy3P NaHMDS toluene 110 48 21

8 Pd(dba)2 L-X NaHMDS toluene 110 48 <5

9 Pd(dba)2 BINAP NaHMDS toluene 110 48 <5

10 Pd(dba)2 XanPhos NaHMDS toluene 110 48 20

11 Pd(dba)2 L-Y NaHMDS toluene 110 48 <5

12 Pd(dba)2 SPhos t-BuOK toluene 110 48 –

13 Pd(dba)2 SPhos K2CO3 toluene 110 48 –

14 Pd(dba)2 SPhos CsCO3 toluene 110 48 –

15 Pd(dba)2 SPhos t-BuLi toluene 110 48 74

16 Pd(PPh3)4 – NaHMDS DMF 120 24 31

17 Pd(PPh3)4 – NaHMDS DMSO 120 24 60

18 Pd(PPh3)4 – t-BuOK DMF 120 24 68

19c Pd(PPh3)4 – t-BuOK DMF 120 24 52

20d Pd(PPh3)4 – t-BuOK DMF 120 15 84

a Conditions: acetate 2a (1.3 equiv) was added over 1 h to a soln of 1a (2.29 mmol) and Zn (2.0 equiv) in THF (0.9 mL) at reflux. After 1.5 h 
reflux, the Pd catalyst [Pd(PPh3)4 (7.4 mol%) or Pd(dba)2 (5 mol%)/ligand (10 mol%)], solvent (THF–solvent, 1:10), and base (2.0 equiv) were 
added at r.t.
b Isolated yield by column chromatography.
c Reaction with t-BuOK (3.0 equiv).
d Reaction with t-BuOK (1.3 equiv). 
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2.2 Chemoselective Intramolecular N-Alkyla-
tion/Palladium-Catalyzed C–N Coupling 
Reaction of the Blaise Reaction

N-Fused indoles are indole derivatives and have also bio-
logical importance.26 Although different strategies have
been developed for the synthesis of N-fused indoles, most
of them rely on alkyl chain elongation and ring closure on
an existing indole platform.27 Moreover, methods for pal-
ladium-catalyzed one-pot construction of N-fused indole

moieties are limited. For examples, Lautens and co-work-
ers reported that palladium-catalyzed intramolecular tan-
dem C–N/Heck coupling reactions of o-amino-b,b-
dihalostyrenes afforded N-fused indole derivatives 5
[Scheme 3, (a)].7c Doye and co-workers also developed a
method for the one-pot synthesis of N-fused indoles 6
through the tandem titanium-catalyzed hydroamination of
alkynes/palladium-catalyzed N-arylation [Scheme 3
(b)].3c However, these strategies required a multistep syn-
thesis of the substrates. We envisioned that the intramo-
lecular N-alkylation/palladium-catalyzed N-arylation of
the Blaise reaction intermediate 8, formed by reaction of
w-haloalkanenitriles 7 with a Reformatsky reagent, could
provide a new one-pot route to N-fused indoles 9
[Scheme 3 (c)].

Due to the divalent C-/N-nucleophilicity of the Blaise re-
action intermediate, success of this tandem approach to N-
fused indoles 9 could be largely determined by the
chemoselectivity of the intramolecular alkylation of the
intermediate 8 having the w-haloalkyl appendage. More-
over, the reaction conditions should also be applicable to
palladium-catalyzed intramolecular arylation. Hence, the
intramolecular alkylation reactivity and selectivity of the
Blaise intermediates 8a and 8b, having w-chloroalkyl ap-
pendages, were investigated (Scheme 4). It was found that
selectivity was largely dependent on tether length. Thus,
the intermediate 8a (n = 1) exhibited N-alkylation selec-
tivity providing 10a in 42% yield. However, both C-alky-
lated and N-alkylated products 10b (20%) and 11b (25%)
were formed from the intermediate 8b (n = 2). Fortunate-
ly, the addition of sodium hexamethyldisilazanide (3.5
equiv) dramatically increased not only chemoselectivity,
but also reactivity, and the N-alkylated exocyclic enamino
esters 10a and 10b could be isolated in 71% and 67%
yields, respectively. Only small amounts of C-cyclized
products 11a and 11b were detected (Scheme 4).28 We ap-
plied these reaction conditions to the Blaise reaction inter-
mediates, formed from w-chloroalkanenitriles 7a–c and

Table 2 Tandem One-Pot Synthesis of Indoles via Palladium-Cata-
lyzed Intramolecular N-Arylation of the Blaise Reaction Intermediate 
3a

Entry Conditions 
A or B

Nitrile 1 R Product 4 Yieldb 
(%)

1 A
B

1a Ph 4a 74
84

2 A
B

1b 3-MeC6H4 4b 71
74

3 A
B

1c 4-MeC6H4 4c 78
72

4 A
B

1d 3-(F3C)C6H4 4d 29
72

5 A
B

1e 2-furyl 4e 37
64

6 A
B

1f Bn 4f <5
72

7 B 1g 4-MeOC6H4 4g 84

8 B 1h 4-FC6H4 4h 51

9 B 1i 4-EtO2CC6H4 4i 71

10 B 1j 4-NCC6H4 4j 62

11 B 1k 3-pyridyl 4k 76

12 B 1l Et 4l 58

a Conditions: acetate 2a (1.3 equiv) was added over 1 h to a soln of 1 
(2.29 mmol) and Zn (2.0 equiv) in THF (0.9 mL) at reflux. After 1.5 
h reflux, the Pd catalyst [Pd(PPh3)4 (7.4 mol%) or Pd(dba)2 (5 mol%)/
ligand (10 mol%)], solvent (for conditions A: THF–toluene, 1:10,; for 
Conditions B: THF–DMF, 1:10), and base [for Conditions A; t-BuLi 
(2.0 equiv), for conditions B: t-BuOK (1.3 equiv)] were added at r.t.
b Isolated yield by column chromatography. 
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ethyl a-bromo-a-(2-bromophenyl)acetate (2a), which re-
sulted in the formation of the corresponding N-alkylated
exocyclic enamino esters 10c–e in 71–72% yields
(Scheme 5).

Scheme 4 Chemoselective intramolecular N-alkylation of the
Blaise reaction intermediate formed from w-chloroalkanenitriles

Based on these results, we carried out the tandem one-pot
construction of the N-fused indole moiety using
Pd(PPh3)4 as the catalyst and sodium hexamethyldisilaza-
nide as the base (Table 3). However, after 24 hours reflux,
only trace amounts of the N-fused indole 9a could be de-

tected by TLC, and only the N-cyclized exo-enamino ester
10c was isolated in 60% yield (entry 1). When the reaction
was carried out in tetrahydrofuran–N,N-dimethylform-
amide (1:10) at 120 °C for 48 hours, the desired 9a was
formed in 51% yield (entry 2). Fortunately, when the
Blaise reaction intermediate was subjected to the same re-
action conditions used for the synthesis of indoles 4,
Pd(PPh3)4 (7.4 mol%), and potassium tert-butoxide (1.3
equiv) (conditions B), the yield of 9a increased to 62%
(entry 3). By using 2.3 equivalents of potassium tert-bu-
toxide, the yield further increased to 70% (entry 4). How-
ever, a lower yield of 9a was formed under all the other
conditions examined (entries 5–8). It is noteworthy that
when the tandem reaction was carried out at a lower tem-
perature (80 °C), only the N-alkylated product 10c was

Scheme 3 Methods for palladium-catalyzed one-pot synthesis of N-fused indoles
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isolated in 71% yield (Scheme 6). This result clearly indi-
cated that under these reaction conditions, the intramolec-
ular N-alkylation reaction proceeded prior to the N-
arylation with high chemoselectivity. Moreover, the iso-
lated Blaise reaction products 12 could also be converted
into the corresponding N-fused indole 9a in 80% yield
(Scheme 7). 

Scheme 6 Selective formation of 10c at low temperature

Scheme 7 Synthesis of 9a from the Blaise reaction product 12

The generality of the tandem chemoselective N-alkyla-
tion/palladium-catalyzed N-arylation reactions has been
proven by the synthesis of six- and seven-membered N-
fused indoles 9b (74%) and 9c (60%). By using the Refor-
matsky reagent, generated from ethyl a-bromo-a-(1-
bromonaphthalen-2-yl)acetate, the tetrahydrobenzopyri-
doindole 9d was also synthesized from 7b in 52% yield.

From the chiral epichlorohydrin-derived nitrile 7d, the
chiral N-fused indole 9e could be synthesized in 43%
yield, which would be a useful intermediate for the syn-
thesis of bioactive mitomycin derivatives (Scheme 8).29

The proposed reaction pathway for the formation of N-
fused indoles 9 is depicted in Scheme 9. Under the reac-
tion condition, the chemoselective intramolecular N-alky-
lation reaction of Blaise reaction intermediate 8 having
the w-chloroalkyl appendage occurred first. Then, the re-
sulting zinc bromide complex C may have enough nucleo-
philicity for the intramolecular transmetalation of the
aryl–Pd(II)–Br D, formed by oxidative addition of Pd(0),
to afford the Pd(II) complex E, which then produce the N-
fused indoles 9 by reductive elimination. 

2.3 Copper-Catalyzed Intermolecular N–C/C–C 
Coupling Reaction of the Blaise Reaction 
Intermediate with 1,2-Dihaloarenes

Finally, we envisioned that the C-/N-ambivalent nucleo-
philic nature of the Blaise reaction intermediate might be
employed to design metal-catalyzed intermolecular C–C/
N–C couplings with 1,2-dihaloarenes. Therefore, we de-
cided to investigate the tandem indolization reaction of
the Blaise reaction intermediate, formed by reaction of
benzonitrile (1a) with a Reformatsky reagent, generated
in situ from ethyl bromoacetate (2b) and zinc, with 1,2-di-
bromobenzene (13a). However, it was found that in con-
trast to intramolecular N-arylation, the Pd catalysts such
as Pd(PPh3)4, Pd(dba)2/XPhos, Pd(dba)2/BINAP were not
effective for the tandem indolization reaction (Table 4,
entries 1–5). Instead, we found that the copper(I) iodide

Table 3 Condition Optimizations for the Tandem Blaise/Intramolecular N-Alkylation/Palladium-Catalyzed C–N Coupling for One-Pot Syn-
thesis of N-Fused Indolesa

Entry Pd Base Solvent Temp (°C) Time (h) Yield (%) of 9a

1 Pd(PPh3)4 NaHMDS THF reflux 48 <5

2 Pd(PPh3)4 NaHMDS DMF 120 48 51

3 Pd(PPh3)4 t-BuOK DMF 120 15 62

4 Pd(PPh3)4 t-BuOK DMF 120 15 70

5 Pd(dba)2/SPhos NaHMDS toluene 110 48 48

6 Pd(dba)2/SPhos t-BuLi toluene 110 24 38

7 Pd(dba)2/SPhos t-BuOK toluene 110 24 63

8 Pd(dba)2/SPhos t-BuOK DMF 120 24 49

a Conditions: acetate 2a (1.3 equiv) was added over 1 h to a soln of 1a (2.29 mmol) and Zn (2.0 equiv) in THF (0.9 mL) at reflux. After 1.5 h 
reflux, the Pd catalyst [Pd(PPh3)4 (7.4 mol%) or Pd(dba)2 (5 mol%)/ligand (10 mol%)], solvent (THF–solvent, 1:10), and base (1.3 equiv) were 
added at r.t.
b Isolated yield by column chromatography.
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can catalyze the tandem intermolecular C–C/C–N cou-
pling reaction of the Blaise reaction intermediate with 1,2-
dibromobenzene (13a). After screening a number of con-
ditions, the tandem reaction could be carried out by em-
ploying copper(I) iodide (20 mol%), phenanthroline

(Phen, 40 mol%) as a ligand, and potassium tert-butoxide
as the base in N,N-dimethylformamide (THF–DMF, 1:10)
at 120 °C for 24 hours to afford the indole 4a in 54% yield
(entry 9).30 The yield of 4a increased to 65% with increase
in the catalyst loading to 30 mol% of copper(I) iodide and

Scheme 8 Tandem one-pot synthesis of N-fused indoles 9b–e
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Table 4 Condition Optimization for Intermolecular Coupling of the Blaise Reaction Intermediate with 1,2-Dibromobenzene (13a)

Entry Catalyst Base Solvent Temp (°C) Time (h) Yield (%) of 4a

1a Pd(dba)2/XPhos t-BuONa 1,4-dioxane reflux 24 –

2a Pd(dba)2/XPhos t-BuONa DMF 120 24 –

3a Pd(dba)2/SPhos t-BuONa 1,4-dioxane reflux 24 –

4a Pd(PPh3)4 t-BuONa DMF 120 24 –

5a Pd(dba)2/Binap t-BuONa DMF 120 24 <5

6b CuI/2,2¢-bipyridyl Cs2CO3 DMF 120 24 27

7b CuI/2,2¢-bipyridyl t-BuOK DMF 120 24 37

8b CuI/Phen t-BuOK DMF 120 24 43

9b,c CuI/Phen t-BuOK DMF 120 24 54

10d CuI/Phen t-BuOK DMF 120 24 65

11d,e CuI/Phen t-BuOK DMF 120 24 76

a Conditions: ethyl bromoacetate (2b, 1.5 equiv) was added over 1 h to a soln of 1a (3.82 mmol) and Zn (2.0 equiv) in THF (1.2 mL) at reflux. 
After 1.0 h reflux, the Pd catalyst [Pd(PPh3)4 (7.5 mol%) or Pd(dba)2 (5.0 mol%)/ligand (10 mol%)], solvent (THF–solvent, 1:10), base (3.5 
equiv) and 1,2-dibromobenzene (13a, 1.2 equiv) were added at r.t. The reaction was continued for 24 h at 120 °C.
b Reaction was carried out with the copper catalyst [CuI (20 mol%)/ligand (40 mol%)], solvent (THF–solvent, 1:10), base (3.5 equiv), and 1,2-
dibromobenzene (13a, 1.2 equiv).
c Reaction with base (4.0 equiv).
d Reaction was carried out with CuI (30 mol%)/Phen (60 mol%) and base (4.0 equiv).
e Reaction with 1,2-diiodobenzene (13b).
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60 mol% of Phen (entry 10). When the same reaction was
carried out using 1,2-iodobenzene, the yield of indole 4a
further increased to 76% (entry 11). The copper(I) iodide
catalyzed intermolecular C–C/N–C coupling reactions of
the 1,2-dibromobenzene (13a) and 1,2-diiodobenzene
(13b) with the Blaise reaction intermediates, formed from
aromatic 1g and 1h, heteroaromatic 1k, alkanenitriles 1l,
could afford the corresponding indoles 4 in low to good
yields (Table 5).

Scheme 9 Proposed reaction pathway for the formation of N-fused
indoles 9

In order to determine which of the N-arylation and C-ary-
lation occurred first, the copper(I) iodide catalyzed inter-
molecular arylation of the Blaise reaction intermediate

with bromobenzene was carried out, and we found that
only the N-arylated product 14 was formed in 44% yield
(Scheme 10). This result clearly indicated that the cop-
per(I) iodide catalyzed N-arylation reaction occurred prior
to C-arylation. The proposed Cu(I)/Cu(III)-type mecha-
nism for copper(I) iodide catalyzed intermolecular cou-
pling reaction of the Blaise reaction intermediate with 1,3-
diiodobenzene (13b) is depicted in Scheme 11.31 The
Blaise reaction intermediate may have reacted with Cu(I)
in the presence of a base to form the nitrogen coordinated
Cu(I) complex F, which then reacted with 1,2-diiodoben-
zene (13b) to form Cu(III) complex G. Reductive elimi-
nation of Cu(I) could afford the N-arylated intermediate
H, which then reacted with Cu(I) again at a-carbon to
form I. Intramolecular formation of the Cu(III) complex
J, and reductive elimination, followed by isomerization of
the resulting imine K could afford the indole 4. The regen-
erated Cu(I) can be used for next catalytic cycles.

Scheme 10 Chemoselective intermolecular N-arylation of the
Blaise reaction intermediate

3 Conclusion

In summary, we have developed a novel tandem one-pot
method for the synthesis of indoles through the palladium-
catalyzed intramolecular N-arylative trapping of the
Blaise reaction intermediates. Extension of this strategy to
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Table 5 Tandem One-Pot Synthesis of Indoles via Copper-Catalyzed Intermolecular N–C/C–C Coupling of the Blaise Reaction Intermediate 
with 1,2-Dihaloarenes
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chemoselective intramolecular N-alkylation/palladium-
catalyzed N-arylation of the Blaise reaction intermediates
having an w-chloroalkyl appendage provides a new route
for tandem one-pot synthesis of N-fused indole deriva-
tives. It has also been demonstrated that the copper-cata-
lyzed intermolecular N–C/C–C coupling of the Blaise
reaction intermediate with 1,2-dihaloarenes could be an
alternative approach for tandem one-pot synthesis of in-
doles. Our future efforts are devoted to combining the
Blaise reaction intermediate with transition-metal-
catalyzed reactions for the development of new tandem
catalytic reactions.

All reactions and manipulations were performed in an argon atmo-
sphere using standard Schlenk techniques. Flasks were flame-dried
under a stream of argon. All solvent were distilled prior to use and
transferred by oven-dried syringe. All purchased reagents were used
as received without further purification. Ethyl a-bromo-a-(2-bro-
mophenyl)acetate (2a), ethyl a-bromo-a-(1-bromonaphthalen-2-
yl)acetate,32 and (3S)-3-(tert-butyldimethylsiloxy)-4-chlorobutane-
nitrile (7d)33 were synthesized according to reported procedures.
The chemical shifts were relative to TMS (as an internal reference)
for 1H NMR and the residual solvent signal (CDCl3; d = 77.16
ppm).

Tandem One-Pot Synthesis of Indoles 4 via Palladium-
Catalyzed Intramolecular N-Arylation of the Blaise Reaction 
Intermediate; General Procedure
To a stirred suspension of commercial Zn dust (300 mg, 4.59 mmol)
in THF (0.9 mL) was added MsOH (6.5 mol%), and the mixture was
refluxed for 10 min. While maintaining reflux temperature, nitrile 1
(2.29 mmol) was added in one portion. Ethyl a-bromo-a-(2-bro-
mophenyl)acetate (2a, 960 mg, 2.98 mmol) was added over 1 h by
syringe pump. After 1.5 h reflux, the mixture was cooled to r.t. To
the mixture was added Pd(PPh3)4 (198.8 mg, 0.17 mmol), t-BuOK
(352.0 mg, 2.98 mmol), and anhyd DMF (9.0 mL). After 15 h at 120
°C, the mixture was cooled to r.t., quenched with sat. aq NH4Cl, and
the product was extracted with EtOAc (3  20 mL). The combined
organic layers were dried (anhyd Na2SO4), filtered, and concentrat-
ed under reduced pressure. The residue was purified by column
chromatography (silica gel, hexane–EtOAc, 7:1 to 3:1) to afford 4
in 51–84% yields.18

Chemoselective Intramolecular N-Alkylation of the Blaise Re-
action Intermediate for Tandem One-Pot Synthesis of 10c–e; 
General Procedure 
To a suspension of Zn dust (500 mg, 7.65 mmol) was added MsOH
(6.5 mol%) in THF (1.5 mL), and the mixture was refluxed for 10
min. While maintaining reflux, chloroalkyl nitrile 7 (3.82 mmol)
was added in one portion, and then ethyl a-bromo-a-(2-bromophe-
nyl)acetate (2a, 4.97 mmol) was added over 1 h using a syringe
pump. To this mixture was added a 1 M NaHMDS in THF (13.37
mmol) at 0 °C. The mixture was stirred for 5 h at r.t., quenched by
the addition of sat. aq NH4Cl, and extracted with EtOAc (3  20
mL). The combined organic layers were dried (anhyd Na2SO4), fil-
tered, and concentrated under reduced pressure. The residue was
then purified by column chromatography (silica gel, n-hexane–
EtOAc, 7:1) to afford the corresponding N-cyclized product 10c–e
in 71–72% yields. 

Ethyl (2-Bromophenyl)pyrrolidin-2-ylideneacetate (10c)
Prepared from 4-chlorobutyronitrile (7a, 396 mg, 3.82 mmol), chro-
matography (n-hexane–EtOAc, 7:1); white solid; yield: 842 mg
(71%); mp 52–54 °C.
1H NMR (300 MHz, CDCl3): d = 1.14 (t, J = 7.1 Hz, 3 H), 1.87–
1.97 (m, 2 H), 2.20–2.39 (m, 2 H), 3.54–3.66 (m, 2 H), 4.02 (dq,
J = 10.8, 7.1 Hz, 1 H), 4.15 (dq, J = 10.8, 7.1 Hz, 1 H), 7.06–7.12
(m, 1 H), 7.19–7.27 (m, 2 H), 7.57–7.60 (m, 1 H), 8.41 (br s, 1 H).
13C NMR (75 MHz, CDCl3): d = 14.8, 22.1, 32.0, 47.6, 59.0, 93.0,
127.2, 128.1, 132.3, 133.6, 139.4, 165.4, 169.1.

HRMS: m/z [M – OEt]+ calcd for C12H11BrNO: 264.0024; found:
264.0022.

Ethyl (2-Bromophenyl)piperidin-2-ylideneacetate (10d)
Prepared from 5-chlorovaleronitrile (7b, 449 mg, 3.82 mmol), chro-
matography (n-hexane–EtOAc, 10:1 to 7:1) as a viscous yellow oil;
yield: 892 mg (72%).
1H NMR (500 MHz, CDCl3): d = 1.11 (td, J = 7.1 Hz, 1.5 Hz, 3 H),
1.60 (m, 2 H), 1.71–1.77 (m, 2 H), 1.95–2.06 (m, 2 H), 3.34–3.43
(m, 2 H), 3.94–4.00 (m, 1 H), 4.07–4.14 (m, 1 H), 7.07–7.11 (m, 1
H), 7.17–7.19 (m, 1 H), 7.23–7.26 (m, 1 H), 7.58–7.59 (m, 1 H),
9.69 (br s, 1 H).
13C NMR (126 MHz, CDCl3): d = 14.7, 19.9, 22.4, 27.3, 41.5, 58.8,
94.9, 127.2, 128.05, 128.7, 132.3, 134.16, 139.25, 161.1, 169.4.

Scheme 11 Proposed mechanism for the copper(I) iodide catalyzed intermolecular coupling of the Blaise reaction intermediate with 1,2-di-
iodobenzene (13b)
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HRMS: m/z [M + H]+ calcd for C15H19BrNO2: 324.0599; found:
324.0601.

Ethyl (2-Bromophenyl)azepan-2-ylideneacetate (10e)
Prepared from 6-chlorohexanenitrile (7c, 503 mg, 3.82 mmol),
chromatography (n-hexane–EtOAc, 10:1 to 5:1) as a viscous yellow
oil; yield: 931 mg (72%).
1H NMR (250MHz, CDCl3): d = 1.13 (t, J = 7.1 Hz, 3 H), 1.27–1.35
(m, 2 H), 1.40–1.53 (m, 2 H), 1.56–1.67 (m, 2 H), 1.83–1.95 (m, 1
H), 1.99–2.11 (m, 1 H), 3.43 (t, J = 6.6 Hz, 2 H), 4.00 (dq, J = 10.8
Hz, 7.1 Hz, 1 H), 4.16 (dq, J = 10.8 Hz, 7.1 Hz, 1 H), 7.10–7.17 (m,
1 H), 7.19–7.23 (m, 1 H), 7.25–7.31 (m, 1 H), 7.61 (dd, J = 7.9 Hz,
1.1 Hz, 1 H).
13C NMR (63 MHz, CDCl3): d = 14.6, 26.5, 26.7, 32.1, 34.0, 44.8,
59.3, 98.4, 127.15, 128.3, 128.4, 132.4, 133.8, 138.9, 161.4, 169.4.

HRMS: m/z [M + H]+ calcd for C16H21BrNO2: 338.0756; found:
338.0754.

Ethyl (Z)-3-Amino-2-(2-bromophenyl)-6-chlorohex-2-enoate 
(12)
To a stirred suspension of commercial Zn dust (500 mg, 7.65 mmol)
in THF (1.2 mL) was added MsOH (6.5 mol%), and the mixture was
refluxed for 10 min. While maintaining reflux temperature, 4-chlo-
robutyronitrile (7a, 396 mg, 3.82 mmol) was added in one portion,
and then ethyl a-bromo-a-(2-bromophenyl)acetate (2a, 4.97 mmol)
was added over 1 h using a syringe pump. After 10 min reflux, the
mixture was cooled to r.t., quenched with sat. aq NH4Cl, and the
product was extracted with EtOAc (3  20 mL). The combined or-
ganic layers were dried (anhyd Na2SO4), filtered, and concentrated
under reduced pressure. The residue was purified by column chro-
matography (silica gel, n-hexane–EtOAc, 10:1 to 7:1) to afford 12
as a colorless liquid; yield: 1.16 g (88%).
1H NMR (250 MHz, CDCl3): d = 1.13 (t, J = 7.1 Hz, 3 H), 1.81–
1.90 (m, 2 H), 2.01–2.26 (m, 2 H), 3.48–3.54 (m, 2 H), 4.00 (dq,
J = 10.8 Hz, 7.1 Hz, 1 H), 4.17 (dq, J = 10.8 Hz, 7.1 Hz, 1 H), 7.10–
7.32 (m, 3 H), 7.60 (dd, J = 7.9 Hz, 1.1 Hz, 1 H).
13C NMR (63 MHz, CDCl3): d = 14.5, 30.3, 31.5, 44.3, 59.4, 98.9,
127.3, 128.4, 128.5, 132.5, 133.7, 138.7, 160.0, 169.3.

Tandem One-Pot Synthesis of N-Fused Indoles 9; General Pro-
cedure
To a stirred suspension of commercial Zn dust (300 mg, 4.59 mmol)
in THF (0.9 mL) was added MsOH (6.5 mol%), and the mixture was
refluxed for 10 min. While maintaining reflux temperature, w-chlo-
roalkanenitrile 7 (2.29 mmol) was added in one portion. Ethyl a-
bromo-a-(2-bromophenyl)acetate (960 mg, 2.98 mmol) was added
over 1 h by using syringe pump. After 1.5 h reflux, the mixture was
cooled to r.t. To the mixture were added Pd(PPh3)4 (198.8 mg, 0.17
mmol), t-BuOK (704 mg, 5.28 mmol) and anhyd DMF (9.0 mL).
After 15 h at 120 °C, the mixture was cooled to r.t., quenched with
sat. aq NH4Cl, and the product was extracted with EtOAc (3  20
mL). The combined organic layers were dried (anhyd Na2SO4), fil-
tered, and concentrated under reduced pressure. The residue was
purified by column chromatography (silica gel, n-hexane–EtOAc,
7:1 to 5:1) to afford 9 in 43–74% yields.18

Ethyl (2S)-2-(tert-Butyldimethylsiloxy)-2,3-dihydro-1H-pyrro-
lo[1,2-a]indole-9-carboxylate (9e)
Prepared from (3S)-3-(tert-butyldimethylsiloxy)-4-chlorobutaneni-
trile (7d, 894 mg, 3.82 mmol), chromatography (n-hexane–EtOAc,
20:1 to 7:1) as a white solid; yield: 591 mg (43%); mp 104–106 °C.
1H NMR (250 MHz, CDCl3): d = 0.18 (s, 6 H), 0.95 (s, 9 H), 1.45
(t, J = 7.1 Hz, 3 H), 3.19 (dd, J = 17.8 Hz, 4.1 Hz, 1 H), 3.54 (dd,
J = 17.8 Hz, 6.9 Hz, 1 H), 3.89 (dd, J = 10.7 Hz, 3.9 Hz, 1 H), 4.19

(dd, J = 10.7 Hz, 6.3 Hz, 1 H), 4.40 (q, J = 7.1 Hz, 2 H), 5.04–5.10
(m, 1 H), 7.18–7.27 (m, 3 H), 8.13–8.16 (m, 1 H).
13C NMR (63 MHz, CDCl3): d = –4.8, –4.7, 14.7, 18.1, 25.8, 37.1,
53.4, 59.4, 74.1, 100.1, 109.8, 121.5, 121.6, 121.8, 130.3, 132.9,
150.2, 165.5.

HRMS: m/z [M + H]+ calcd for C20H30NO3Si: 360.1995; found:
360.1997.

CuI-Catalyzed Cross-Coupling of the Blaise Reaction Interme-
diate; General Procedure
To a stirred suspension of commercial Zn dust (500 mg, 7.65 mmol)
in THF (1.2 mL) was added MsOH (6.5 mol%), and the mixture was
refluxed for 10 min. While maintaining reflux temperature, nitrile 1
(3.82 mmol) was added in one portion, and then ethyl bromoacetate
(2b, 958 mg, 5.73 mmol) was added over 1 h by using syringe
pump. After 1 h at reflux, the mixture was cooled to r.t. To the mix-
ture was added CuI (218 mg, 1.15 mmol), 1,10-phenanthroline (418
mg, 2.29 mmol), t-BuOK (1.72 g, 15.29 mmol), 1,2-dibromoben-
zene (1.08 g, 4.59 mmol), and anhyd DMF (12.0 mL). After 24 h re-
action at 120 °C, the mixture was cooled to r.t., quenched with sat.
aq Na2CO3, and the product was extracted with EtOAc (3  100
mL). The combined organic layers were dried (anhyd Na2SO4), fil-
tered, and concentrated under reduced pressure. The residue was
purified by column chromatography (silica gel, n-hexane–EtOAc,
7:1 to 5:1) to afford 4 in 8–76% yields.18

Ethyl 3-Phenyl-3-(phenylamino)prop-2-enoate (14)
[C17H17NO2: 53256-22-7]

Prepared from benzonitrile (1a, 394 mg, 3.82 mmol) with bro-
mobenzene (720 mg, 4.59 mmol), chromatography (n-hexane–
EtOAc, 20:1) as a yellow solid; yield: 450 mg (44%); mp 66–67 °C.
1H NMR (300 MHz, CDCl3): d = 1.31 (t, J = 7.1 Hz, 3 H), 4.20 (q,
J = 7.1 Hz, 2 H), 4.99 (s, 1 H), 6.66 (d, J = 7.8 Hz, 2 H), 6.89 (t,
J = 7.3 Hz, 1 H), 7.02–7.10 (m, 2 H), 7.24–7.37 (m, 5 H).
13C NMR (75 MHz, CDCl3): d = 14.6, 59.4, 91.3, 122.3, 123.1,
128.3, 128.5, 128.7, 129.5, 136.1, 140.5, 159.2, 170.2.
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