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Abstract: A palladium-catalyzed domino strategy
has been developed for the synthesis of 2,3-disubsti-
tuted benzofuran derivatives. This cascade reaction
sequence involves intermolecular carbopalladation
and C(sp’)—H functionalization followed by isomer-
ization.
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The development of simple and straightforward syn-
thetic methodologies towards the construction of val-
uable heterocycles has an essential role in organic
synthesis. In recent years, the domino reaction has re-
ceived significant attention due to its convenience in
assembling multiple bonds in a one-pot process, thus
providing an efficient and step-economical route for
the synthesis of complex heterocycles.) One repre-
sentative strategy is the generation of transient vinyl
palladium(II) species from the intermolecular or in-
tramolecular carbopalladation of alkynes (or alkenes)
and aryl halides, which can be further captured by
any nucleophile in a cascade sequence.”) The seminal
work describes the trapping of in sifu vinyl palladium
species with alkenes,””! or boronic acids! and leads to
tetrasubstituted alkenes. Inspired by these works, sub-
stantial advances have been made by capturing this
active species with anions, nucleophiles,’! organome-
tallic reagents,’’ and C(sp*)—H/(sp)-H functionaliza-
tion reactions!”! [Scheme 1, Egs. (a) and (b)]. Recent-
ly, our group has also developed the Pd/Ni-catalyzed
stereoselective synthesis of tetrasubstituted olefins via
intermolecular carbopalladation followed by triazole
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C(sp*)—H activation.”! Despite the significant progress
made in this field, this active palladium species has
not yet been intercepted with C(sp®)—H bonds. En-
couraged by our continuing interest on metal-cata-
lyzed cascade reactions,” we envisioned that the
active vinyl Pd(II) species from intermolecular carbo-
palladation could be trapped with C(sp’)—H bonds to
construct 2,3-disubstituted benzofurans [Scheme 1,
Eq. (¢)].

Benzofurans are a ubiquitous class of heterocycles,
which are embedded in numerous pharmaceuticals,
natural products, unnatural compounds possessing
bio-activity and materials."”) Consequently, tremen-
dous efforts have been made towards the synthesis of
benzofuran and its derivatives.'!! The reported meth-
ods to prepare the 2,3-disubstituted benzo[b]furans
are less represented in the literature. The available
methods are frequently suffering from multistep syn-
thesis and harsh reaction conditions. The scope of the
present cascade reaction involves simple starting ma-
terials and relatively tolerable reaction conditions.

We commenced our optimization studies using 1-
phenyl-2-(2-(phenylethynyl)phenoxy)ethan-1-one (1a)
with iodobenzene (2a) in the presence of various pal-
ladium catalysts, ligands, and bases as shown in
Table 1. We were pleased to obtain an encouraging
outcome of desired product with Pd(PPh;), and
NaOAc in DMF (Table 1; entry 1). With the initial
success, we evaluated different Pd(IT) and Pd(0) sour-
ces with or without ligands and among them
Pd(OAc), in combination with PPh; furnished the
maximum yield of 55% (Table 1; entries 2-7). Inferior
performance was observed, when the reaction was
screened with other phosphine ligands (entries 8-11).
Next, the feasibility of the reaction was investigated
with several inorganic bases (entries 12-17). With the
strong bases such as LiO-#-Bu and KO-#-Bu it under-
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Scheme 1. Domino reactions via vinyl palladium species: previous and present approaches.

goes the intramolecular carbanion-yne cyclization to
give undesired compound 4a predominantly (en-
tries 12 and 13)!"® and relatively mild bases were inef-
ficient (entries 14—17). These results indicated that the

base plays a crucial role and NaOAc was found to be
the optimum base in this transformation. Changing
the solvent did not improve the reaction yield (en-
tries 18-22). Reactions were performed at different
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Scheme 2. Proposed reaction mechanism.
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Table 1. Optimization of the reaction conditions."”!

Qg

Qo Q

— cetalyst
O =z ) : A I|:and O NS + O N0
ase

0) solvent 0 O 0 O

1a © 2a 3a 4a
Entry Catalyst Ligand Base Solvent Time/Temp. [°C] Yield [%] 3a/4a
1 Pd(PPh,), - NaOAc DMF 16/100 26/traces
2 Pd(OAc), PPh, NaOAc DMF 16/100 S5/traces
3 Pd,(dba);, - NaOAc DMF 16/100 35/traces
4 Pd(dba), - NaOAc DMF 16/100 40/traces
5 PdCl, PPh, NaOAc DMF 16/100 -
6 Pd(TFA), PPh; NaOAc DMF 16/100 -
7 Pd(PPh;),Cl, PPh, NaOAc DMF 16/100 -
8 Pd(OAc), TFP NaOAc DMF 16/100 28/10
9 Pd(OAc), dppf NaOAc DMF 16/100 40/-
10 Pd(OAc), P(cy)s NaOAc DMF 16/100 -
11 Pd(OAc), P(nBu); NaOAc DMF 16/100 -
12 Pd(OAc), PPh, LiO-t-Bu DMF 16/100 —/85
13 Pd(OAc), PPh; KO-t-Bu DMF 16/100 —/78
14 Pd(OAc), PPh, KOPiv DMF 16/100 15/60
15 Pd(OAc), PPh; K,CO; DMF 16/100 -
16 Pd(OAc), PPh; Cs,CO;, DMF 16/100 traces/25
17 Pd(OAc), PPh, KOAc DMF 16/100 28/traces
18 Pd(OAc), PPh, NaOAc DMSO 16/100 50/traces
19 Pd(OAc), PPh, NaOAc ACN 16/reflux 15/-
20 Pd(OAc), PPh, NaOAc toluene 16/reflux —/traces
21 Pd(OAc), PPh, NaOAc dioxane 16/reflux —/traces
22 Pd(OAc), PPh, NaOAc DMA 16/120 38
23 Pd(OAc), PPh;, NaOAc DMF 20/80 72/traces
24 Pd(OAc), PPh, NaOAc DMF 20/60 -
25[] Pd(OAc), PPh, NaOAc DMF 30/80 65/traces
26/ Pd(OAc), PPh, NaOAc DMF 20/80 76/traces

[l Reaction conditions: 1a (0.29 mmol), 2a (0.43 mmol), catalyst (0.1 equiv.), ligand (0.2 equiv.), base (3 equiv.), solvent

(1.5 mL).
] Catalyst (0.05 equiv.) and ligand (0.1 equiv.) used.
[l 4 equiv. of base.

temperatures and the best yield was accomplished at
80°C (entries 23 and 24). Decreasing the catalyst
loading results in a longer time to complete the reac-
tion and slightly decreased the reaction yield
(entry 25). Increasing the equivalents of base im-
proved the reaction yield to 76% and we fixed this as
optimized conditions for further studies (entry 26).
After establishing the suitable set of reaction condi-
tions, we probed the scope and limitations of this cas-
cade reaction and summarized the results in Table 2.
A variety of different aryl-substituted groups at the
R! position such as phenyl, p-anisyl, p-tolyl, and 4-
chlorophenyl were successfully converted into desired
products in moderate to good yields (Table 2; 3a-3d).
Interestingly, the R' replaced with naphthyl, furan
and thiophene substrates were smoothly converted
into corresponding benzofurans (3e-g). The scope of
the reaction was demonstrated with different aryl io-
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dides (R?) and the respective compounds were isolat-
ed (3h-k). Of note, substrates in which R?* substituted
with aryl, alkyl, or cycloalkyl groups, the reaction gen-
erally worked well (31-3p). The scope of the reaction
at R* was also examined with different groups such as
methyl, chloro and fluoro, the corresponding benzo-
furans were obtained in good yields (3¢-t). However,
the attempts to extend the strategy to indole deriva-
tives were failed (3u). The carbonyl groups replaced
with ester and cyano groups did not provide the ex-
pected molecules (3v—w). The structure of the com-
pound 3g was confirmed by X-ray analysis.!""!

On the basis of observed results and literature prec-
edence,’®”® a plausible mechanistic pathway has been
proposed in Scheme 2. Initially the aryl iodide under-
goes oxidative addition with in situ generated Pd(0)
catalyst and subsequently react with compound 1 via
intermolecular carbopalladation gives complex B.I'

© 2016 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim
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Table 2. Substrate scope and limitations.[
R2

— R2 _R3
R4 z | Pd(OAc), (10 mol%)
* R¥ PPh; (20 mol%) RY
o > N ¢
fo) NaOAc (4 equiv.) 1
/\Rﬁ DMF, 80 °C, 20 h °© R
1 2 3

0~
O Ph
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o Ph
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® .
Ph Ph Ph O Ph
(o] (o]
O N/ D\ \ O L
J ph o Ph d ph d ph

3m, 60% 3n, 58% 30, 55%

3p, 61%
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O Ph

3r, 72%

Ph O Ph O Ph, . Ph_ pn
F. cl
O \_0 O AP ©j§«o \_©°
O Ph (o) Ph N Ph O R
Ts

3s, 70% 3t, 68%

3v; R = OEt; 0%

3u, 0%
3w; R = CN; 0%

1 General reaction conditions: 1 (0.29 mmol), 2 (0.43 mmol), Pd(OAc), (0.1 equiv.), PPh; (0.2 equiv.), NaOAc (4 equiv.),

DMF (1.5 mL) at 80°C for 20 h.
] Reaction mixture decomposed.
[l No reaction.

Then the complex B activates the sp® carbon with the
assistance of base gives six-membered palladacycle C.
The reductive elimination of complex C delivers
alkene intermediate 4 and expels catalyst for the next
cycle. Finally, the intermediate D isomerize via [1,3]-
H shift to desired 2,3-disubstituted benzofurans (3).

An alternative reaction mechanism via deprotona-
tive palladation of methylene carbon has been out-
lined in Scheme 3. Initially the starting material
1 will convert into corresponding enolate E with the
aid of base. Next the enolate E reacts with the arylat-
ed palladium species A to give intermediate F. Subse-
quently, it undergoes intramolecular carbopalladation
with alkynes followed by reductive elimination to give
the intermediate 4 which then isomerizes into 3.

In conclusion, a palladium-catalyzed domino ap-
proach to the synthesis of 2,3-disubstituted benzofur-
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ans has been developed. This method can provide
a synthetic route to disubstituted benzofurans in an
efficient manner. The cascade reaction proceeds via
an intermolecular carbopalladation, C(sp’)—H func-
tionalization and isomerization sequence. The salient
features of this work include mild reaction conditions,
good substrate scope and moderate to high yields.

Experimental Section
General Procedure for the Synthesis 2,3-
Disubstituted Benzofurans (3a—t)

An oven-dried 15-mL glass tube with screw cap was charged
with 1a (029 mmol) in DMF (1.5mL) and then 2a
(0.43 mmol), Pd(OAc), (0.1 equiv.), PPh; (0.2 equiv.), and
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Scheme 3. Alternative reaction pathway.

NaOAc (4 equiv.) were added. The reaction mixture was
heated to 80°C for 20 h. After the reaction was completed
(monitored by TLC), the reaction mass was partitioned be-
tween water and ethyl acetate, then the combined organic
phases washed with brine solution, dried over sodium sulfate
and evaporated under vacuum. The resulting crude material
was purified by flash column chromatography on silica gel
(100200 mesh) with suitable ratios of hexane and ethyl ace-
tate to afford the desired product (3). The identity and
purity of the compounds were determined by 'HNMR,
BCNMR, DEPT and HR-MS data.
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