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Access to polysubstituted indoles or
benzothiophenes via palladium-catalyzed
cross-coupling of furfural tosylhydrazones
with 2-iodoanilines or 2-iodothiophenols†

Biaolin Yin,*a Xiaoyu Zhang,a Xiaoting Zhang,a Hui Peng,a Wen Zhou,b Bo Liub and
Huanfeng Jianga

Palladium-catalyzed cross-coupling of furfural tosylhydrazones

with 2-iodoanilines or 2-iodothiophenols produces polysubstituted

indoles or benzothiophenes, respectively. The reaction proceeds

through 2-furylmethylene palladium iodide intermediates, which

undergo furan ring opening followed by ring closure to form

indoles or benzothiophenes. This reaction will expand the synthetic

applications of furfural derivatives.

Transition-metal carbenoids are important intermediates in
various transformations in organic synthesis, such as cyclo-
propanation and cyclopropenation, X–H insertion, and metathesis
reactions.1 In particular, the use of 2-furyl metal carbenoids 3 in
catalytic carbene transfer reactions has been well explored. Carbe-
noids 3 can be generated by thermolysis or photolysis of 2-furyl
diazoalkanes 1 (Scheme 1).2 However, the synthesis of 1 is a
formidable task owing to their explosivity and toxicity. To mini-
mize these problems, techniques for safely handling diazoalkanes,
including slow-addition techniques, are required. Carbenoids 3
can also be obtained from eneyne-ketones 2 through electrophilic

activation of the alkyne group by coordination to a metal and
subsequent intramolecular 5-exo-dig cyclization to form the furan
ring.3 However, the synthesis of precursors 2 requires multiple
steps and sometimes involves the use of harsh reaction conditions.
Thus, the development of simple and efficient methods for gen-
erating 2-furyl metal carbenoids and the exploration of novel
pathways for efficiently transforming them to valuable molecules
would expand the synthetic applications of furfural derivatives.4,5

Hydrazones, prepared by the reaction of an aldehyde or a
ketone with hydrazine, are extensively used in organic synth-
esis. For example, under metal-free conditions in the presence
of a base, hydrazones gradually decompose first into diazo
compounds and then into carbenes which react with a variety
of nucleophiles to produce X–H-insertion-like products.6 In
addition, palladium-catalyzed cross-coupling of tosylhydra-
zones with aryl halides is a simple, powerful method for forming
C–C bonds using carbonyl compounds as the nucleophilic
components without the need for a stoichiometric amount of
an organometallic reagent.7 The key step of this reaction is a
migratory insertion of the aryl group into the C–Pd bond of
palladium carbenes 5 to give arylmethylene palladium halides 6,
which then either undergo b-hydrogen elimination to provide
olefins 78 or are intercepted by a nucleophile (Scheme 2).9

Theoretically, base-mediated decomposition of furfural tosyl-
hydrazones at a suitable reaction temperature could also pro-
duce furfuryl diazomethanes. Subsequent in situ transformation
of the furfuryl diazomethanes, especially transformations invol-
ving coordination to a transition metal to form 2-furyl metal

Scheme 1 Generation of 2-furyl metal carbenoids 3 and their catalytic
carbene transfer reactions.

Scheme 2 Pathway for Palladium-catalyzed cross-coupling of tosyl-
hydrazones with aryl halides.
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carbenoids, which has never been reported, would be of great
synthetic utility. Recently we reported that palladium-catalyzed
cross-coupling of aryl halides with furfural tosylhydrazones 8
produces spiroacetal enol ethers 11 through an intramolecular
nucleophilic dearomatization, involving an intermediate of
2-furylmethylenepalladium halide 10 carrying a nucleophile of
the hydroxyl group in its side chain.10 This protocol provided
convenient access to exceedingly reactive 2-furylmethylene
palladium halides from stable furfural hydrazones instead of
from unstable 2-furylmethyl halides.11 In the current study, we
investigated the palladium-catalyzed coupling of furfural tosyl-
hydrazones with 2-iodoanilines to afford 2-furylmethylene palladium
iodides 15, which could be transformed to various useful hetero-
cyclic products (Scheme 3).

We initially studied the coupling of furfural tosylhydrazones
12a with N-ethyl-2-iodoaniline (13a) as a model with Pd2(dba)3

as the catalyst, tricyclohexyl phosphine as the ligand, and
K2CO3 as the base. Reaction in toluene at 90 1C for 6 h afforded
no 16a, the expected product of an intramolecular nucleophilic
dearomatization pathway, but instead gave polysubstituted
indole 17a (E/Z 4 99 : 1) in 32% yield (Scheme 4). This novel
transformation has the potential to serve as an expedient
synthetic route to polysubstituted indoles from simple furfural
derivatives.12 Therefore, we decided to optimize the reaction
conditions for the formation of 17a from 12a and 13a.

First, we screened various ligands while keeping the other
reaction parameters fixed, that is, Pd2(dba)3 as the catalyst,
K2CO3 as the base, toluene as the solvent, and 90 1C as the
reaction temperature (Table 1, entries 1–10). Among the ligands
examined, 1,10-bis(diphenylphosphino)ferrocene (dppf) gave
the highest yield of 17a (76%, entry 5). Various solvents were
then tested, and toluene was found to be the optimal one
(entries 11–14). Changing the base to Cs2CO3, LiOtBu, NaOtBu,
or NaH did not improve the yield (entries 15–18), nor did the
use of other palladium catalysts, specifically Pd(PPh3)4,
Pd(PPh3)2Cl2, and Pd(OAc)2 (entries 19–21). Lowering the

reaction temperature to 80 1C gave a trace amount of the
product along with recovered hydrazone (entry 22). Increasing
the temperature to 100 1C led to a complicated mixture of
products, including a relatively low yield of 17a together with
some enynal2 (entry 23). The optimal yield was obtained with
Pd2(dba)3 as the catalyst, dppf as the ligand, toluene as the
solvent, and 90 1C as the reaction temperature (entry 5).

With the optimized reaction conditions in hand, the sub-
strate scope of the reaction was investigated with various
substituted tosyl hydrazones 12 and 2-iodoanilines 13
(Table 2). The substituent on the furan ring clearly influenced
the reaction outcome. Desired indoles 17 were obtained in
moderate to good yields from reactions of 13a and furans with
R2 fixed as hydrogen and R1 as a phenyl group with an electron-
donating substituent or an electron-neutral H atom (entries 1–4).
In contrast, when R1 was a phenyl group with an electron-
withdrawing chlorine atom or NO2 group, the corresponding
indole was formed in a lower yield (60%, entry 5) or not at all
(entry 6), respectively. When R1 was an alkyl group, the reactions
also proceeded well, and the corresponding indoles were pro-
duced in good yields (entries 7–10). The R2 group could be
hydrogen, Me, or a moderately electron-withdrawing amide
group (entries 11 and 12), but substrate 12n, with a more

Scheme 3 Transformations of 2-furylmethylenepalladium halides.

Scheme 4 Reaction of 12a with 13a.

Table 1 Optimization of reaction conditions for production of 17a

Entry

Conditions

Yieldc (%)Catalyst Ligandb Base Solvent

1 Pd2(dba)3 PPh3 K2CO3 Toluene 57
2 Pd2(dba)3 BINAP K2CO3 Toluene 25
3 Pd2(dba)3 dppp K2CO3 Toluene 63
4 Pd2(dba)3 dppe K2CO3 Toluene 47
5 Pd2(dba)3 dppf K2CO3 Toluene 76
6 Pd2(dba)3 L1 K2CO3 Toluene 54
7 Pd2(dba)3 L2 K2CO3 Toluene 32
8 Pd2(dba)3 L3 K2CO3 Toluene Trace
9 Pd2(dba)3 L4 K2CO3 Toluene 36
10 Pd2(dba)3 L5 K2CO3 Toluene ND
11 Pd2(dba)3 dppf K2CO3 1,4-Dioxane ND
12 Pd2(dba)3 dppf K2CO3 DMF ND
13 Pd2(dba)3 dppf K2CO3 DCE 55
14 Pd2(dba)3 dppf K2CO3 THF 72
15 Pd2(dba)3 dppf Cs2CO3 Toluene 69
16 Pd2(dba)3 dppf LiOtBu Toluene Trace
17 Pd2(dba)3 dppf Et3N Toluene NR
18 Pd2(dba)3 dppf NaH Toluene Trace
19 Pd(PPh3)4 dppf K2CO3 Toluene 70
20 Pd(PPh3)2Cl2 dppf K2CO3 Toluene 57
21 Pd(OAc)2 dppf K2CO3 Toluene 40
22d Pd2(dba)3 dppf K2CO3 Toluene Trace
23e Pd2(dba)3 dppf K2CO3 Toluene 55

a Reaction conditions: unless otherwise noted, 12a (2.0 equiv.), 13a
(1.0 equiv, 0.5 mmol), [Pd] (5.0 mol%), ligand (10 mol%), base
(4.0 equiv.), T = 90 1C for 6 h. b L1 = 2-(dicyclohexylphosphino)-
20,40,60-tri-isopropyl-1,10-biphenyl; L2 = tricyclohexylphosphine; L3 =
tri(p-methoxyphenyl)phosphine; L4 = 4,5-bis(diphenylphospheno)-9,9-
dimethylxanthene; L5 = 1,10-phenanthroline. c Yields were determined
by means of 1H NMR spectroscopy with mesitylene as an internal
standard. ND = not detected; NR = no reaction. d T = 80 1C. e T = 100 1C.
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electron-withdrawing ester group, did not afford the desired
product (17n, entry 13). We speculate that electron-withdrawing
groups of R1 and R2 might result in the instability of 2-furyl-
methylenepalladium and disfavoring furan ring-opening. The
R3 on the iodoaniline could be an electron-neutral H atom
(entries 1–5 and 7–13), an electron-donating methyl group
(entries 14–18), or an electron-withdrawing fluorine atom
(entries 19–21).

Considering the fact that the decomposition of furfuryl
diazomethanes is reported to produce enynals,2 we conducted
a control reaction of enynal 18 with 13a under standard
conditions to determine whether the indole was formed via
the Larock indole synthesis pathway (Scheme 5).13 Because the
control reaction resulted in a complicated mixture of products
and none of the expected 17a was detected, we propose that
indoles 17 form by means of the pathway shown in Scheme 6.
Base-mediated decomposition of 12 affords 2-furyl diazoalkane 1,
which reacts with ArPdI 19 to form palladium carbene complex
20. Migratory insertion of the aryl group of 20 affords 2-furyl-
methylenepalladium iodide 21, which might undergo concomitant

b-heteroatom elimination and furan ring opening to form
allene 22.14 Nucleophilic attack of the aniline nitrogen atom
on the allene forms palladium complex 23.15 Palladium transfer
results in intermediate 24, and subsequent b-hydrogen elimina-
tion affords 17.

We also investigated the utility of this protocol by synthesiz-
ing a small library of polysubstituted benzothiophenes 26 in
good yields via coupling of 2-iodothiophene 25 with furfural
tosylhydrazones 12 under similar conditions (Scheme 7).16

In summary, we describe an efficient palladium-catalyzed
cross-coupling of readily available furfural tosylhydrazones
with 2-iodoanilines or 2-iodothiophenol as a novel synthetic
route to polysubstituted indoles or benzothiophenes, respec-
tively. The reaction proceeds via 2-furylmethylene palladium
halide intermediates, which undergo concomitant furan ring
opening and ring closure to form indoles or benzothiophenes;
this reaction expands the applications of sustainable furan
derivatives as synthetic building blocks. Further explorations
of the reaction scope, especially variation of the nucleophiles,
and the use of the reaction for the synthesis of bioactive and
natural products are underway in our laboratory.

This work was supported by the National Natural Science
Foundation of China (No. 21272078 and 21336002), Fundamental
Research Funds for the Central Universities (2014ZG0027), the
Natural Science Foundation of Guangdong Province, China

Table 2 Synthesis of indoles 17a

Entry 12 (R1, R2) 13 17 ([%]b, E/Z c)

1 12a (Ph, H) 13a 17a (76, 499 : 1)
2 12b (4-Me-Ph, H) 13a 17b (78, 95 : 5)
3 12c (3,5-di-Me-Ph, H) 13a 17c (83, 499 : 1)
4 12d (4-MeO-Ph, H) 13a 17d (77, 499 : 1)
5 12e (4-Cl-Ph, H) 13a 17e (60, 97 : 3)
6 12f (4-NO2-Ph, H) 13a 17f (ND)
7 12g (Me, H) 13a 17g (84, 98 : 2)
8 12h (n-Pr, H) 13a 17h (61, 499 : 1)
9 12i (n-Bu, H) 13a 17i (72, 499 : 1)
10 12j (n-pentyl, H) 13a 17j (86, 95 : 5)
11 12k (4-MeO-Ph, Me) 13a 17k (54, 75 : 25)
12 12l (3,5-di-Me-Ph, CONMe2) 13a 17l (57, 499 : 1)
13 12m (4-MeO-Ph, COOMe) 13a 17m (ND)
14 12d (4-MeO-Ph, H) 13b 17n (54, 94 : 6)
15 12a (Ph, H) 13b 17o (50, 80 : 20)
16 12g (Me, H) 13b 17p (75, 499 : 1)
17 12h (n-Pr, H) 13b 17q (71, 96 : 4)
18 12j (n-pentyl, H) 13b 17r (78, 499 : 1)
19 12d (4-MeO-Ph, H) 13c 17s (67, 499 : 1)
20 12h (n-Pr, H) 13c 17t (52, 499 : 1)
21 12j (n-pentyl, H) 13c 17u (48, 499 : 1)

a All reactions were performed with 0.5 mmol of 13. b Isolated yield.
ND = not detected. c The ratios in parentheses were determined by
means of 1H NMR spectroscopy.

Scheme 5 A control reaction of 18 with 13a.

Scheme 6 Proposed mechanism for the formation of 17.

Scheme 7 Synthesis of benzothiophenes 26.
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