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Graphical Abstract:

Bis(pyrrolyl)pyridine based palladium-pincer complexes efficiently catayzed the one-pot

tandem Heck a kynylation/cyclization reactions for the synthesis of benzofuran derivatives.

Well-defined catalyst system

Wide substrate scope (16 examples)
I solated yield up to 96%

Reaction performed in air
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Abstract:

Ligand assisted palladium catalyzed one-pot tanHek alkynylation/cyclization reactions for

the synthesis of benzofurans was reported in tlapep Well-defined palladium-pincer

complexes exhibited excellent catalytic activitier the one-pot tandem Heck

alkynylation/cyclization reactions yielding benzadn derivatives using 0.1 mol% catalyst. All

the catalytic reactions are performed in air. Tlileots of variables such as solvents, the
temperature on the catalytic activity are also reggb High product conversion was obtained for

differently substituted 2-iodophenol at 1ZDin 10 hours.
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1. INTRODUCTION

Heterocyclic compounds are present in many napralucts and medicinal chemistra large
number of oxygen containing heterocyclic compousgsknown for their versatility and unique
properties in many chemotherapeutic agents and eibit excellent antibiotic activit§.
Benzofuran is the one of these heterocyclic comgsumre found in many natural,
pharmaceutical products as well as in polynidviany traditional methods are available for the
synthesis of benzofuran derivatives which involuwdtiatep reactions with low functional group
tolerance® Tandem approach are becoming increasingly pomumldrbeginning to get attention
due to environmentally benign and time improvemanmethodology. Tandem Heck
alkynylation/cyclization reaction (also known asmidpno Sonogashira coupling/cyclization)
catalyzed by transition metal catalysts has ememgedan efficient and powerful methdd.
Tandem Heck alkynylation/cyclization reaction regdi combination of palladium and copper
catalysts. However, few examples of copper-freelagaim catalyzed tandem Heck
alkynylation/cyclization reaction for the synthesisbenzofuran derivatives are reported in the
literature’®° Some of the palladium catalyzed tandem processeslao reported with high
catalyst loading. Therefore, a highly efficient, llagefined catalytic system is of considerable

importance.

Ligands play an important role in homogeneous ttiams metal-catalyzed reactions for the
efficient synthesis of biologically important saalffs*® The ligand framework in the transition
metal complexes regulates both the electronic &exicsproperties, which in turn significantly
affects their catalytic performance. Pincer ligards an important class of ligands in metal-

based catalytic reactions for the synthesis ofrbeyeles in an efficient manner. Transition



metal complexes with 2,6-bis(pyrrolyl)pyridine ligh framework were not much studied in
homogeneous catalysis. The ligand framework has hesed for the isolation of reaction
intermediaté! LMCT photosensitizer¥ and in catalytic process&s.Recently, we have

reported a series of bis(pyrrolyl)pyridine ligandsked palladium catalysts for Suzuki-Miyaura
cross-coupling reactions in aqueous medttiAfter we observed its potential in the catalytic
transformation, we became interested to utilize¢hdasses of palladium pincer complex@ss (

2b, Scheme 1) for the synthesis of benzofuran devestusing tandem Heck alkynylation
reaction and intramolecular cyclization strategg.olr best of knowledge, this work is the first
successful application of 2,6-bis(pyrrolyl)pyridipencer ligand based palladium catalysts for

one-pot tandem Heck alkynylation/cyclization reawtat low catalyst loading (Scheme 1).
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Scheme 1. Palladium-pincer complexes catalyzed one-potaantieck alkynylation/cyclization
reactions

2. Results and Discussion

2.1. Synthesisand char acterization of palladium complexes



The palladium comple®a was synthesized from the reaction of correspontgend 1a and
Pd(OAc) in acetonitrile as shown in Scheme 2. The palladiomplex2a was characterized by
NMR spectroscopy, elemental analysis, and Mass trgpeetry. The formation of2a is
confirmed by'H NMR spectroscopy through observing the disappear@f the pyrrole proton
signal at 9.59 ppm in liganth,*? which indicates the formation of the PdyiNie bond. The HR-
MS data of the complefa exhibit the molecular ion peak/z 535.1114 corresponding to the
molecular formula of the palladium complex. Thelgdium complex2b was reported earlier

from our group’>

Pd(OAc),
CH4CN, reflux

Me m Me
CH;
1a 2a

Scheme 2. Synthesis of palladium-pincer complaa.

2.2. One-pot tandem Heck alkynylation/cyclization reaction

In the first step of our catalytic studies, we etdd the coupling of 2-iodophenol and
phenylacetylene as model substrates. To optimieeréaction conditions, various solvents
(entries 3-7) and bases (entries 1-3) were testedyAb as a catalyst. Similar to earlier studies,
the base KPO, and solvent DMSO provided the best condition (eB)rat 90° C for complete
conversion with 0.0005 mmol (0.1 mol %) catalystdmg in 10 hours in air. In some cases, the
cyclized producB was obtained along with a by-proddotGlaser couplindf as shown in Table

1. On comparison, the reaction in the presencelbigium precursor.e. PACh(CH3CN), gave



48% conversion in the same reaction conditionsrye®). Reactions performed without

palladium sources did not yield the expected bamaof product (entry 10).

Table 1. Optimization of the reaction conditions for syegfs of 2-arylbenzofurén

|
OH Base, solvent o
3 4

90°C, 10 h
Entry Catalyst Loading Solvent Base % Yield

(mol %) 3 4
1. 2b (0.1) DMSO Et:N 32 51
2. 2b (0.1) DMSO CsCOs 15 7
3. 2b (0.1) DM SO K3PO, >99(96)° -
4. 2b (0.1) DMF K3sPOy 86 0
5. 2b (0.1) 1,4-Dioxane K3POy 22 10
6. 2b (0.1) EtOH K3sPOy trace -
7. 2b (0.1) toluene K3POy 29 46
8. 2b (0.1) DMSO - 11 -
9. PdCL(CH3CN), (0.1) DMSO K3sPOy 48 -
10. - DMSO K3POy nr’ nr

®Reaction conditions: 2-lodophenol (0.50 mmol), phacetylene (0.60 mmol), 0.1 mol %
(0.0005 mmol) of catalyst, base (1.00 mmol), antvesd (2 mL). °The yields (%) were
determined by GC using 1,3,5-trimethoxybenzene masingernal standardSlsolated yield.
“Without catalyst. nr = No reaction.

Considering the highest conversion of the prodacbMSO using KPO, as a base (entry 3,
Table 1), several commercially available substdueiodophenol and terminal alkynes (with
electron-withdrawing/donating group and amine gjoli@ve been tested in the same reaction
conditions. All the catalysis products were chadazed by NMR, and compared with literature
data. The iodophenol based substrates such a®%aoitlin and 2-iodo-3-hydroxypyridine gave

low reaction yields (21-31%) using identical coratitat 90°C. We observe the lowest yields,

up to 18% for the reaction of propargyl alcoholiwaind 2-iodophenol.



Table 2. One-pot tandem Heck alkynylation/cyclization réats$ by2a and2b at 90°C.?

Y- l Y\
DN
( . R 2aor 2b miR
RI/ = OH K3PO4, DMSO R'/ = 0

S.No. lodophenol Alkyne Product Yield (%)
2a 2b
“C, =0 "
OH o
2. ©jl _ () O A 88 90
= Me O Me
OH o
3 ©jl Me Me
81 73
o =)
o
I
4 — <> Et O A O £t 79 84
OH o
I
© o, 2O CyOw <
OH o
C oL, O .
= OMe Q OMe
OH o
7. @l NH, NH,
o N A 39 46
on =)
8 OHC | - OHC A
n, =0 N E —
OMe OMe
9. OHC I _ OHC N
= Me Me
@EOH <:> 25 28
OMe OMe
10. OHC I L OHC N
= OMe OMe
\@EOH < > o O 23 27
OMe OMe
11. N <> N 21 24
Z~0H Z >0

®Reaction conditions: 2-lodophenol (0.50 mmol), akky(0.60 mmol), 0.1 mol % da or 2b, K3;PO,
(1.00 mmol), DMSO (2 mL), 96C, 10 hours’Isolated yield.



The effect of temperature on the reaction rate waslied for one-pot tandem Heck
alkynylation/cyclization reactions. The reactionse aperformed using the substrates 5-
iodovanillin and 4-ethynyltoluene in the presenéecatalyst2b at five different temperatures
from 80-120°C (Figure 1). The reaction rate was increased exptially on increasing the
reaction temperature from 8Q to 120°C. The reaction of 5-iodovanillin with 4-ethynylt@ne

at 80°C gave only 26% product conversion, whereas, @gingithe reaction temperature to 120

°C resulted in enhancement of product conversioto @3% in same reaction time.
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Figure 1. Effect of temperature on reaction rate for one-ptandem Heck
alkynylation/cyclization reaction (5-iodovanillinithr 4-ethynyltoluene)
The yields of the benzofuran derivatives at temipeeal20°C in 10 hours of reaction time are
shown in Table 3. The yields were increased u@B#b & the case of 5-iodovanillin, whereas 2-
iodo-3-hydroxypyridine substrate gave only up t8&3Vhen the catalyst loading was decreased
to 0.05 mol % at 120C for the reaction of 2-iodophenol with phenylatetg, only 62%

product conversion was observed after 10 hours.



Table 3. One-pot tandem Heck alkynylation/cyclization réats by2a and2b at 120°C2

(\YII . — s 2aor2b (\Y\I\>7R
— - KsPO,, DMSO =
R'/ OH 34 R'/ o)
S.No. lodophenol Alkyne Product Yield (%)
2a 2b
83 84
o = Ly
o
13. OHC I L OHC \
L., =) Oy w
OMe OMe
14. OHc I _ M OHC N
= e
L, =0 (I w78 a3
OMe oM
e
15. OHC I L o OHC \
== e
OMe OMe
16. IN\ I _ N N 58 63
o
17. lN\ I \ < > Ve N N
7 >—< >— 52 58
A ~0H | P Me
18. N1 _ N
P — Q = m_@ﬂ 51 56
OH ~~0
19. IN\ I _ oM N N
= e
53 62
20. N\ | NH2 NH2
N
| on _ C TS 56 53
Z~ 0
21. OHC I e OHC \
= t

o
=
©

OMe

®Reaction conditions: 2-lodophenol derivatives (Qi&iol), alkyne (0.60 mmol), 0.1 mol % 2 or 2b,
K3PO, (1.00 mmol), DMSO (2 mL), 12%C, 10 hours’lsolated yield.



The comparison of the catalytic efficiencies2af and2b complexes with other reported well-
defined palladium based catalysts for one-pot tanéteeck alkynylation/cyclization reactions
yielding benzofuran compounds is important (TableReris and co-workers reported initially
the one-pot tandem Heck alkynylation/cyclization aateon of 2-iodophenol with
phenylacetylene, yielding 2-phenylbenzofuran byhgslt mol % N-heterocyclic carbene based
palladium catalyst& Ghosh and co-workers reported the same catalgtitsformation with 1
mol % of palladium catalyst supported by N-hetenticycarbene and phosphine based ligafids.
Recently, we have reported the same one-pot tartdeck alkynylation/cyclization reactions
with 0.2 mol % of N-heterocyclic carbene-palladigatalysts”® In addition to this, few well-
defined copper(ll) complexes also catalyzed theléam reaction of 2-iodophenol with various
terminal alkyne$§™® Concerning the examples from the situ generated ligand assisted
catalysis systems with a phosphine based ligarid @l %) and palladium precursor [P
CsHs)Cl]2 (0.05 mol %) catalyzed the reaction with exceligetd 2 Thus, in comparison to the
above reported well-defined catalysts, the palladpincer complexe8a—2b is efficient at 0.1

mol % catalyst loading and also has wide substetpe (Table 4).

Based on our results and previous repBri&the possible reaction mechansim for the generation
of benzofuran derivatives was proposed in Schem&h8. mechanism involves two catalytic
cycles, the Heck alkynylation cycle and an intragcalar cyclization reaction. Since our pincer
based catalysts are stable in catalytic reactiopézaturée? the first catalytic cycle may initiates
via Pd(I1)/Pd(IV) catalytic reaction8instead of Pd(0)/Pd(Il) chemistry, the oxidatiwtelion of
Pd(Il) complexes with 2-iodophenol yields a Pd(IMjermdediate B). The coordination of

phenylacetylene to palladium by elimination solveratiecule yielded the intermediaie

10



Table 4. Comparison with reported transition metal well-defi catalysts for one-pot tandem
Heck alkynylation/cyclization reaction of 2-iodopiwd¢ with phenylacetylene, giving 2-
phenylbenzofuran.

No. catalyst loading time base/ Temp. Yield ref.
(mol %) (h)  solvent (°C) (%)
1 CI\N-N/ ¢l
@"‘cp’é%N%cf}"*NQ 1 mol % 8 CsCO/ 8 93 %
| (SIC = 50) DMSO
/i-Pr
B PPh,
2 il "5>fl7(/ifBr
"(>)2 Br 1 mol % 4 CsCOy 80 81 %
N PPhe (S/C = 50) DMSO
J )>—|7d—|3r
N Br
\i-Pr
3.
N b, 0.2 mol % 16 KsPOY 90  >99 *
oo ot (S/C = 250) DMSO
© ©
4. 2a-2b 0.1 mol % 10  KsPQY 90 96 This
(S/C = 1000) DMSO work
5 o
o 0.15mol% 48 CsCOJ 130  >99 ™
= (S/C = 300) dioxane
6. CQ} 10 mol % 24  CsCOy 110 92
=_ v (S/IC = 20) toluene
o NOs

PhsF PPhy

Deprotonation of palladium coordinated phenylaeetgl moietyC affords an intermediate,
which on further reductive elimination generates tpalladium(ll) speciesA and 2-
(phenylethynyl)phenol. The product 2-(phenylethypgenol becomes the substrate for the next
catalytic cyclization step. On coordination withettpalladium(ll) speciesA giving the

intermediateE, which undergoes oxidative addition followed byemmolecular rearrangement

11



produces intermediaté. Finally, the reductive elimination of the interdigte F gives the
desired 2-phenylbenzofuran product along with #generation of initial palladium(ll) species

A.

N- Pd N=—CH; N- Pd N=-CH;3
N—Ph
o

CH,CN
N

N Pd Ph

N Ph C,*\OH OH
N-Pd—]| ) (B)

(E) B H]l
(F) [BaseH] N | Ph

Base

Cyclization Heck
Alkynylation

Scheme 3. Possible mechanism for the tandem Heck alkynyléatieclization reaction.

3. Conclusions

In summary, we have shown that the palladium pincemplex supported by 2,6-
bis(pyrrolyl)pyridine ligand framework is an effesit catalytic system for one-pot tandem Heck
alkynylation/cyclization reaction. The temperatusdfect on the one-pot tandem Heck
alkynylation/cyclization reaction was studied. Ariety of benzofuran derivatives were
quantitatively synthesized using 0.1 mol % catalysading at 126C in 10 hours. These well-
defined catalytic systems exhibit high performanmceterms of product conversion, broad
substrate scope, and high functional group tolerakée believe that this catalytic process will
expand the scope of pincer ligand assisted transithetal-catalyzed reaction in organic

synthesis.

12



4. Experimental Sections:

4.1. General Methods and Materials.

All manipulations were carried out under an atmesptof nitrogen or in air. NMR spectra were
recorded at 298 K on Bruker 500 MHz and JEOL 400ZMNMMR spectrometer. The chemical
shifts of proton and carbon are reported in ppmrafietenced using residual proton (7.26 ppm)
and carbon signals (77.16 ppm) of CREINMR annotations used: br. = broad, d = doublet, m
= multiplet, s = singlet, t = triplet, sept = sdptElemental analyses were performed using
Thermo Quest FLASH 2000 SERIES (CHNS) Elementallya®a. Mass data are collected from
Micromass Q-Tof spectrometer. All catalytic reanSowere monitored on a Thermo Fisher
Trace 1300 series GC system by GC-FID with a TG-lat8umn of 30 m length, 0.25 mm
diameter and 0.2fm film thickness. Solvents were purchased from cenecial suppliers and
used without further purification. Catalytic sulasés (2-iodophenol, 5-iodovanillin, 2-lodo-3-
hydroxypyridine, phenylacetylene, 4-ethynyltolueBegthynyltoluene, 4-ethylphenylacetylene,
4-tert-butylphenylacetylene, 4-ethynylanisole, 3-ethyniliae), Ks;PO, and Pd(OAcg) were
purchased from Sigma-Aldrich and used as receivigdout further purification. The ligands

1a,*2 1b*® and palladium comple2b™ were prepared by reported literature procedures.

4.2. Synthesis of Pd-Pincer complex (2a)

A solution of ligandla (0.115 g, 0.295 mmol) and Pd(OA€).066 g, 0.295 mmol) in GJEN

(ca. 25 mL) was heated at 90 °C under nitrogen fon@drs. After cooling to room temperature,
the mixture was filtered through Celite and thé&dile was concentrated in a rotary evaporator.
The collected pale yellow solid compound was wadhettier using hexane (2x5 mL) and dried

under vacuum. The produ2a was obtained as pale yellow solid (0.131 g, 82igdy. ‘H NMR

13



(500 MHz, CDC}): & 7.44-7.42 (m, 4H), 7.36 (br s, 4H), 7.26 (br s),26493 (t, 1HJuy = 7 Hz,
py), 6.52 (s, 2H), 5.89 (s, 2H, pyrrolide-H), 22480 (m, 6H, CH), 1.27 (s, 3H, CECN) ppm.
13c{*H} NMR (125 MHz, CDC}): 5 154.9, 141.0, 138.0, 137.3, 135.0, 129.7, 12928.11,
126.2, 111.3, 109.4, 16.12, 1.03. Anal. Calcd fesHaN,Pd: C, 65.11; H, 4.57; N, 10.47;
Found: C, 64.68; H, 4.58; N, 9.44 %. HRMS (ESl)cdalfor GgHzsNsPd" [M+H]" m/z

535.1114; Found 535.1114.

4.3. General Procedurefor one-pot tandem Heck alkynylation/cyclization reaction

In a typical run, performed in air, a 25 mL of raulmottom flask was charged with a mixture of
2-iodophenol (0.50 mmol), terminal alkyne (0.60 nimand KPO, (1.00 mmol). A palladium
complex ga or 2b, 0.0005 mmol) was added to the mixture, followgddMSO (ca. 2 mL) as a
solvent, and then the reaction mixture was heaitdef at 9CC or at 120C) for 10 hours. The
reaction mixture was cooled to room temperaturel amater ¢a. 20 mL) was added. The
resulting mixture was extracted with EtOAma(50 mL). The organic layer was further extracted
with EtOAc (ca. 2x20 mL). The organic layers were combined ancuuen dried to obtain a
crude product that was subsequently purified byurmol chromatography. The obtained
benzofuran derivatives3ga—3ap) were characterized by NMR and Mass spectrosc@ae (

Supporting Information Figures S4-S23).

2-Phenylbenzo[b]furan (3aa: Table 2, entry 1)*H NMR (500 MHz, CDCJ): & 7.90-7.89 (m,
2H), 7.62-7.60 (m, 1H), 7.56-7.54 (m, 1H), 7.4967(f, 2H), 7.38 (t, 1HJ4n = 7.0 Hz), 7.33-

7.24 (m, 2H), 7.05 (s, 1H) ppHh.

14



2-(p-tolyl)benzofuran (3ab: Table 2, entry 2)H NMR (500 MHz, CDCY): § 7.84-7.82 (m,

2H), 7.64-7.58 (m, 2H), 7.34-7.30 (m, 4H), 7.031d), 2.46 (s, 3H) pprif

2-m-Tolylbenzofuran (3ac: Table 2, entry 3):'H NMR (500 MHz, CDCJ): § 7.74 (s, 1H),
7.71-7.70 (m, 1H), 7.62-7.60 (m, 1H), 7.57-7.55 (H), 7.38-7.36 (m, 1H), 7.35-7.29 (m, 1H),

7.28-7.25 (m, 1H), 7.24-7.19 (m, 1H), 7.03 (s, 1M%6 (s, 3H) ppnt’

2-(4-Ethylphenyl)benzofuran (3ad: Table 2, entry 4):'H NMR (500 MHz, CDC}): 6 7.86 (d,
2H, Jun = 8.0 Hz), 7.63 (d, 1HJun = 8.0 Hz), 7.59 (d, 1HJun = 8.0 Hz), 7.35-7.34 (m, 3H),

7.33-7.28 (m, 1H), 7.03 (s, 1H), 2.75-2.71 (m, 2HR4 (t, 3HJuy = 8.0 Hz) ppnt®

2-(4-tert-Butylphenyl)benzofuran (3ae: Table 2, entry 5):*H NMR (500 MHz, CDC}): § 7.81
(d, 2H,J4u = 8.0 Hz), 7.58 (d, 1H = 8.0 Hz), 7.53 (d, 1Hl4y = 8.0 Hz), 7.48 (d, 2HJ4y =

8.0 Hz), 7.29-7.22 (m, 2H), 6.99 (s, 1H), 1.379d) ppm®

2-(4-Methoxyphenyl)benzofuran (3af: Table 2, entry 6)*H NMR (500 MHz, CDC}): 5 7.83
(d, 2H,34n = 8.0 Hz), 7.59 (d, 1HJyy = 7.0 Hz), 7.53 (d, 1Hl4y = 8.0 Hz), 7.30-7.23 (m, 2H),

7.01 (d, 2HJun = 8.0 Hz), 6.92 (s, 1H), 3.89 (s, 3H) pph.

3-(benzofuran-2-yl)aniline (3ag: Table 2-3, entry 7 & 12)H NMR (500 MHz, CDCJ): 6 7.60
(d, 1H,Ju = 8.0 Hz), 7.55 (d, 1H}uy = 8.0 Hz), 7.32-7.27 (m, 2H), 7.26-7.23 (m, 3HPU(s,
1H), 6.70-6.69 (m, 1H), 3.68 (br2H) ppm.**C{*H} NMR (100 MHz, CDC}): 5 156.1, 154.8,

146.8, 131.4, 129.8, 129.3, 124.2, 122.9, 120.8,5,1115.5, 111.3, 111.2, 101.3 ppn.

15



7-M ethoxy-2-(phenyl)benzofur an-5-car baldehyde (3ah: Table 2-3, entry 8 & 13)*H NMR
(500 MHz, CDC}): & 9.99 (s, 1H), 7.87(d, 2Hlun = 7.5 Hz), 7.69 (s, 1H), 7.47-7.44 (m, 2H),
7.40-7.35 (m, 2H), 7.08 (s, 1H), 4.08 (s, 3H) ppie{*H} NMR (100 MHz, CDC}): & 191.8,

157.8, 147.7, 146.1, 133.5, 130.8, 129.6, 129.2,91225.2, 119.3, 104.6, 101.9, 56.2 pim.

7-M ethoxy-2-(p-tolyl)benzofuran-5-car baldehyde (3ai: Table 2-3, entry 9 & 14)'H NMR
(500 MHz, CDC}): § 10.00 (s, 1H), 7.79 (d, 2Ky = 8.0 Hz), 7.71-7.70 (m, 1H), 7.36-7.35 (m,
1H), 7.28-7.26 (m, 2H), 7.04 (s, 1H), 4.09 (s, 3B%1 (s, 3H) ppmt>C{*H} NMR (100 MHz,
CDCl): 5 191.9, 158.2, 147.6, 146.1, 139.5, 133.5, 13128,7], 126.9, 125.2, 119.3, 104.5,

101.2, 56.3, 21.5 ppii.

7-methoxy-2-(4-methoxyphenyl)benzofur an-5-car baldehyde (3aj: Table 2-3, entry 10 & 15):
H NMR (500 MHz, CDCY): & 9.93 (s, 1H), 7.76 (d, 2Hlyy = 8.0 Hz), 7.61 (s, 1H), 7.28 (s,
1H), 6.92 (d, 2HJuH = 8.0 Hz), 6.88 (s, 1H), 4.03 (s, 3H), 3.81 (s) pHM.ZC{*H} NMR (125

MHz, CDCk): 6 192.1, 160.7, 158.2, 147.7, 146.2, 133.7, 13124.Q, 122.6, 119.2, 114.6,

104.6, 100.5, 56.5, 55.6 pprh.

2-phenylfuro[2,3-b]pyridine (3ak: Table 2-3, entry 11 & 16)*H NMR (500 MHz, CDC}): &
8.52 (d, 1H,Juy = 8.0 Hz), 7.92-7.90 (m, 2H), 7.77 (d, 18 = 8.0 Hz), 7.50-7.47 (m, 2H),
7.43-7.40 (m, 1H), 7.23 (s, 1H), 7.22-7.19 (m, B)m.*C{*H} NMR (100 MHz, CDC}): 5

159.7, 149.1, 148.1, 146.1, 129.8, 129.6, 129.5,41218.9, 117.9, 102.5 ppth®®

16



2-(4-Tolyl)-furo[3,2-b]pyridine (3al: Table 3, entry 17)*H NMR (500 MHz, CDCJ): & 8.51-
8.50 (m, 1H), 7.80 (d, 2Hl4y = 8.0 Hz), 7.76-7.74 (m, 1H), 7.29 (d, 2By = 8.0 Hz), 7.20-
7.17 (m, 1H), 7.16 (s, 1H), 2.42 (s, 3H) ppit{*H} NMR (125 MHz, CDC}): & 160.0, 149.3,

148.0, 146.0, 139.9, 129.7, 127.1, 125.4, 118.8,7,1101.8, 21.6 ppAt.

2-(4-ethylphenyl)furo[2,3-b]pyridine (3am: Table 3, entry 18)"H NMR (500 MHz, CDCJ): &
8.52-8.50 (m, 1H), 7.83-7.82 (m, 2H), 7.76-7.74 {iH), 7.30 (d, 2HJuy = 8.0 Hz), 7.20-7.18
(m, 1H), 7.17 (s, 1H), 2.71 (q, 2B4n = 7.5 Hz), 1.28 (t, 3HJ4n = 7.5 Hz) ppm**C{*H} NMR
(125 MHz, CDC}): 5 160.0, 149.2, 147.9, 146.2, 145.9, 128.5, 1223,4, 118.6, 117.7, 101.7,

31.0, 15.3 ppmHRMS (ESI) calcd. for GH1NO* [M+H]* mVz 224.1075; Found 224.1075.

2-(4-Methoxyphenyl)-furo[3,2-b]pyridine (3an: Table 3, entry 19)!H NMR (500 MHz,
CDCly): § 8.49-8.48 (m, 1H), 7.84 (d, 2H,+ = 8.0 Hz), 7.73 (d, 1H}yy = 8.0 Hz), 7.18-7.15
(m, 1H), 7.08 (s, 1H), 7.01-6.99 (m, 2H), 3.873H) ppm.**c{*H} NMR (125 MHz, CDC}): §

160.9, 159.9, 149.5, 147.9, 145.9, 127.0, 122.8,311117.5, 114.5, 100.8, 55.5 ppni’

3-(Furo[2,3-b]pyridin-2-yl)aniline (3a0: Table 3, entry 20)*H NMR (500 MHz, CDCY)): §
8.54 (d, 1HJup = 8.0 Hz), 7.77 (d, 1HJuy = 8.0 Hz), 7.33-7.30 (m, 1H), 7.29-7.7.28 (m, 1H),
7.25-7.21 (m, 1H), 7.20-7.19 (m, 2H), 6.77-6.75 (thl), 3.35 (br.s, 2H) ppnt*C{*H} NMR
(100 MHz, CDC}): § 207.2, 160.0, 149.1, 147.9, 147.0, 145.9, 13®6,9, 117.8, 116.4, 115.8,

111.5, 102.3 ppHRMS (ESI) calcd. for @H11N,O ™ [M+H]" m/z 211.0871; Found 211.0871.
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2-(4-Ethylphenyl)-7-methoxybenzofur an-5-car baldehyde (3ap: Table 3, entry 21)'H NMR
(500 MHz, CDC}): & 9.98 (s, 1H), 7.80 (d, 2Hl = 7.0 Hz), 7.67(s, 1H), 7.34 (s, 1H), 7.29-
7.28 (m, 2H), 7.01 (s, 1H), 4.08 (s, 3H), 2.702H, Jun = 7.5 Hz), 1.27 (t, 3HJun = 7.5 Hz)
ppm. *C{*H} NMR (100 MHz, CDC}): & 191.8, 158.1, 147.6, 146.0, 145.7, 133.4, 131.0,
128.4, 127.0, 125.2, 119.2, 104.4, 101.2, 56.28,285.4 ppm. HRMS (ESI) calcd. for

CigH1703" [M+H]" mVz 281.1177; Found 281.1176.
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Highlights:

» Straightforward synthesis of [NNN] based palladium-pincer complexes as homogeneous
catalystsin cross-coupling reactions.

» Excdlent catalytic activity of bis(pyrrolyl)pyridine based palladium pincer complexesin
one-pot tandem Heck akynylation/cyclization reactions.

* The developed catalysts exhibit broad functiona group compatibility and efficient
conversion of benzofuran derivatives.



