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A nickel-catalyzed carbonylative synthesis of dihydrobenzofurans has been developed. With Mo(CO)¢ as the CO
source and manganese metal as the reductant, alkyl halides were reacted with aryl iodides to give the desired
products in moderate to good yields.

Transition metal-catalyzed carbonylative transformations have been
well recognized by the synthetic community nowadays and has already
been accepted as a powerful tool for the construction of carbonyl-
containing chemicals [1-3]. However, concerning the catalysts applied,
palladium- and rhodium-based complexes are more frequently studied
compared with the other metal catalysts [4]. Among the various tran-
sition metal catalysts, nickel is attractive due to its abundancy and di-
versity in accessible oxidation states [5]. Nickel catalysts were origin-
ally studied to replace palladium catalysts in cross-coupling reactions.
During these studies, nickel was found to show exceptional activities in
some inert bonds' activation, including C—O, C—F, etc. [6,7] Then
comes the term ‘Nickel is not just a replacement of palladium’.

However, in the topic of carbonylation chemistry, nickel catalysts
are far less explored compared with palladium. The main reason is the
high affinity of carbon monoxide with nickel metal. This specific
property will cause two consequences: i) inhibit the catalytic reactivity
of nickel catalysts; ii) forms Ni(CO)4, which is a high toxic colorless
liquid with low boiling point (43 °C) and hence known as ‘liquid death’.
These phenomena, especially the later one, make chemists reluctant to
study nickel catalysts in CO chemistry. Nevertheless, strategies still
have been established: 1) perform the reaction under carbon monoxide
atmosphere without stirring, to control the concentration of CO in the
reaction solution [8,9]; 2) using pincer ligand coordinated nickel
complexes as the catalyst, to pre-block three of the four coordination
sites in advance and avoid CO over coordinating [10,11]; 3) avoid Ni(0)
intermediate formation during the catalytic cycle [12,13]; 4) using CO
surrogates, such as Mo(CO)e, the CO can be released slowly or via li-
gand exchange with the catalyst directly [14-20]. We are more inter-
ested in the strategy with CO surrogates.
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1-Iodo-2-((2-methylallyl)oxy)benzene and related derivatives have
been found an class of attractive compounds in cyclization transfor-
mations [21-33]. Dihydrobenzofurans and analogues can be prepared
in an efficient and straightforward manner. Although numerous trans-
formations have been established, reductive carbonylative coupling
with alkyl halides using nickel as the catalyst has not been realized yet.
Here, our new results on nickel-catalyzed carbonylative synthesis of
dihydrobenzofurans will be described. With Mo(CO)g¢ as the CO source
and manganese metal as the reductant, alkyl halides were reacted with
1-iodo-2-((2-methylallyl)oxy)benzenes to give the corresponding dihy-
drobenzofurans in moderate to good yields.

Initially, 1-iodo-2-((2-methylallyl)oxy)benzene and iodocyclo-
pentane were selected as the model substrates to establish the catalytic
system using nickel as the catalyst. With NiCl, and 4,4’-di-tert-butyl-
2,2’-dipyridyl (dtbbpy) as the catalytic system, using Mo(CO)¢ as the
CO source, in THF at 100 °C, the target product 3aa was obtained in 8%
yield (Table 1, entry 1). Then various organic solvents were checked
(Table 1, entries 1-6), surprisingly, 36% of 3aa was formed when the
reaction was performed in DMF (Table 1, entry 4). In the case of 1,4-
dioxane, the reaction temperature was varied as well, the reaction
outcome could not be improved (for details, see Supporting Informa-
tion). In the testing of the nickel catalyst precursors, Ni(acac), could
give the best yield of 3aa (47%; Table 1, entry 9). The influences from
ligands were studied subsequently, the other tested nitrogen ligands
were all gave inferior results (Table 1, entries 11-15). Phosphine li-
gands were checked as well, the yield of 3aa dropped dramatically and
only trace amount of the target product could be detected with
monophosphine ligands, such as PPhj or PCy; (Table 1, entry 16). The
loading of manganese was fixed at 2 equivalents and no reaction
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Table 1 Table 2
Optimization of the catalyst system.” Nickel-catalyzed carbonylative synthesis of dihydrobenzofurans.*
| | Ni(acac)2 (7.5 mol %) N
- I
N dtbbpy (15 mol %
©i - N ~ + R JODPY (A5 ML)
o/\]/ Mo(CO)s e —“1"3'°‘““")*|v1o(co)6 |
; 0 V>
R /\]/ Mn (2 equiv) R
1a 2a 3aa 1 2 pwF, 100° 8
Entry Nickel Solvent Ligand Yield i
Entry Product Yield
1 NiCl, THF dtbbpy 8% .
2 NiCl, toluene dtbbpy 1% 1 87%
3 NiCl, MeCN dtbbpy 4%
4 NiCl, DMF dtbbpy 36%
5 NiCl, DMSO dtbbpy 6%
6 NiCl, 1,4-dixoane dtbbpy 12% 3aa
7 NiBr, DMF dtbbpy 8% X=1
8 Nil, DMF dtbbpy 15% 2 58%
9 Ni(acac), DMF dtbbpy 47%
10 Ni(OTf), DMF dtbbpy 13%
11 Ni(acac), DMF bpy 11%
12 Ni(acac), DMF 1,10-phen 16% 3ab
13 Ni(acac), DMF L1 13% X=1
14 Ni(acac), DMF L2 28% 3 45%
15 Ni(acac), DMF L3 10%
16 Ni(acac), DMF DPPP 6%
17 Ni(acac), DMF dtbbpy 5204>
18 Ni(acac), DMF dtbbpy 66%° 3ac
19 Ni(acac), DMF dtbbpy 94%¢ X =
4 53%
Ph Ph
7 N/ \ z/ \§ z/ \S
- = =| = 3ad
L2 L3 X=1
5 59%
@ Reaction condition: 1a (0.2 mmol), 2a (2 equiv), nickel (5 mol%), ligand 235
(5 mol%), Mo(CO)s (1 equiv), Mn (2 equiv), DMF (1 mL), 100 °C, 16 h, GC yield X=|
with hexadecane as the internal standard. b. 10 mol% of ligand. c. Ni(acac), 6 - 56%
(7.5 mol%), dtbbpy (15 mol%). d. 1a (0.2 mmol), 2a (2.5 equiv), Ni(acac)
(7.5 mol%), dtbbpy (15 mol%), Mo(CO)s (1 equiv), Mn (2 equiv), DMF (1 mL),
100 °C, 16 h. dtbbpy: 4,4"-di-tert-butyl-2,2’-dipyridyl. Bpy: 2,2’-bipyridine. 3af
1,10-phen: 1 10-phenanthroline. X=1
7 64%
occurred when zinc was used instead of manganese (for details, see
Supporting Information). The amount of Mo(CO)¢ added proved to be 3ag
critical as well, the yield of 3aa decreased with higher loadings of Mo X=1
(CO)¢ (for details, see Supporting Information). The yield can be further 8 71%
improved by increasing the ratio of ligand related to metal (Table 1,
entry 17). Finally, 94% yield of 3aa can be achieved with increased 3ah
loading of catalyst and iodocyclopentane (Table 1, entry 19). . X=1 o
With the optimal reaction conditions in hand, we carried out the 38%
testing of substrates subsequently (Table 2). In general, various alkyl
- . . . 3ah
iodides can be applied successfully and gave the desired dihy- X = Br

drobenzofuran derivatives in moderate to good yields. In the case of 10 45%
alkyl bromide, the reaction efficiency decreased dramatically, and 38%

yield of the corresponding product was isolated (Table 2, entry 9). In

the case of benzyl iodides, only trace amount of the target products

could be detected. Then some 1-iodo-2-((2-methylallyl)oxy)benzenes 11
were tested, moderate yields can be obtained as well (Table 2, entries

12-13). However, under our standard conditions, no reaction occurred

when 1-bromo-2-((2-methylallyl)oxy)benzene was applied as the sub-

strate (for details, see Supporting Information). Finally, 2-iodo-N-me- 12 7%
thyl-N-(2-methylallyl)aniline was prepared and tested under our con- F

ditions, the corresponding indoline derivative was obtained in 43%

54%

yield without further optimization (Table 2, entry 14). 3b_
Based on our results and literatures, a possible reaction mechanism 13 X = 65%
is proposed (Scheme 1). Firstly, the active nickel catalyst will be gen- F
erated from Ni(acac), in the presence of Mn and ligand. Then Ni°L 3ach
complex oxidative adds into the C—I bond of 1-iodo-2-((2-methylallyl) X =
oxy)benzenes and forms aryINi" complex A. After an intramolecular
addition step, alkyINi" complex B will be formed which will be (continued on next page)



H.-Q. Geng, et al.

Table 2 (continued)

Ni(acac)2 (7.5 mol %)

! dtobpy (15 mol % i
@ - X o e
|0 s >
R Mn (2 equiv) R
5 2 DpwF, 100°C &
Entry Product Yield
14 43%
N 3dh
\ X=1

21 (0.2 mmol), 2 (2.5 equiv), Ni(acac) (7.5 mol%), dtbbpy (15 mol%), Mo
(CO)¢ (1 equiv), Mn (2 equiv), DMF (1 mL), 100 °C, 16 h, isolated yields.

Ni(acac),

Mn | dtbbpy @I
O/Y

Mn\_/v NiL \&

R Ni'lL

NilllL
o/\’/
(0] © A

Ni''L
R
Ni'lL 5 o) Mn
o]
D

i
RI Ni'L

(9]

)

Scheme 1. Proposed reaction mechanism.

immediately reduced to alkyINi' complex C in the presence of Mn.
Oxidative addition of alkyl iodides with complex C will occur to give
the alkyINi™ intermediate D which will release the final product after
reductive elimination step. The Ni' intermediate will be further reduced
by Mn to regenerate the active Ni’L complex for the next catalytic cycle.

In summary, an interesting procedure on nickel-catalyzed carbo-
nylative synthesis of dihydrobenzofurans from 1-iodo-2-((2-methy-
lallyl)oxy)benzenes and alkyl halides has been developed. By using Mo
(CO)g as the CO source and manganese metal as the reductant, the
desired dihydrobenzofurans were produced in moderate to good yields.

Declaration of Competing Interest
None.

Acknowledgment

We thank the generous supports from Zhejiang Sci-Tech University.

Catalysis Communications 148 (2021) 106170

Credit Author Statement
X.W. directed the project and prepared the manuscript. H.Q.G. and
W. W. performed all the experiments.

Declaration of Competing Interest
We have no conflict of interest to declaration!
Appendix A. Supplementary data

Supplementary data to this article can be found online at https://
doi.org/10.1016/j.catcom.2020.106170.

References

[1] S. Zhao, N.P. Mankad, Metal-catalysed radical carbonylation reactions, Catal. Sci.
Technol. 9 (2019) 3603-3613.

[2] J.-B. Peng, H.-Q. Geng, X.-F. Wu, The chemistry of CO: carbonylation, Chem 5
(2019) 526-552.

[3] Z. Yin, J.-X. Xu, X.-F. Wu, No making without breaking: nitrogen-centered carbo-
nylation reactions, ACS Catal. 10 (2020) 6510-6531.

[4] J.-B. Peng, F.-P. Wu, X.-F. Wu, First-row transition-metal catalyzed carbonylative

transformations of carbon electrophiles, Chem. Rev. 119 (2019) 2090-2127.

S. Ogoshi (Ed.), Nickel Catalysis in Organic Synthesis: Methods and Reactions,

Wiley-VCH, 2020.

[6] B.M. Rosen, K.W. Quasdorf, D.A. Wilson, N. Zhang, A.-M. Resmerita, N.K. Garg,
V. Percec, Nickel-catalyzed cross-couplings involving carbon-oxygen bonds, Chem.
Rev. 111 (2011) 1346-1416.

[7] C.-Y. Lin, P.P. Power, Complexes of Ni(I): a “rare” oxidation state of growing im-
portance, Chem. Soc. Rev. 46 (2017) 5347-5399.

[8] K. Ashida, Y. Hoshimoto, N. Tohnai, D. Scott, M. Ohashi, H. Imaizumi, Y. Tsuchiya,

S. Ogoshi, Enantioselective synthesis of polycyclic y-lactams with multiple chiral

carbon centers via Ni(0)-catalyzed asymmetric carbonylative cycloadditions

without stirring, J. Am. Chem. Soc. 142 (2020) 1594-1602.

Hoshimoto, Y.; Ashida, K.; Sasaoka, Y.; Kumar, R.; Kamikawa, K.; Verdaguer,X.;

Riera, A.; Ohashi, M.; Ogoshi, S. Efficient synthesis of polycyclic y-lactams by cat-

alytic carbonylationof ene-imines via nickelacycle intermediate. Angew. Chem. Int.

Ed. 2017, 56, 8206-8210.

[10] A.S. Donslund, S.S. Pedersen, C. Gaardbo, K.T. Neumann, L. Kingston, C.S. Elmore,
T. Skrydstrup, Direct access to Isotopically labeled aliphatic ketones mediated by
nickel(I) activation, Angew. Chem. Int. Ed. 59 (2020) 8099-8103.

[11] T.L. Andersen, A.S. Donslund, K.T. Neumann, T. Skrydstrup, Carbonylative coupling
of alkyl zinc reagents with benzyl bromides catalyzed by a nickel/NN2 pincer ligand
complex, Angew. Chem. Int. Ed. 57 (2018) 800-804.

[12] H.-Y. Zhao, X. Gao, S. Zhang, X. Zhang, Nickel-catalyzed carbonylation of di-
fluoroalkyl bromides with arylboronic acids, Org. Lett. 21 (2019) 1031-1036.

[13] R. Cheng, H.-Y. Zhao, S. Zhang, X. Zhang, Nickel-catalyzed carbonylation of sec-
ondary trifluoromethylated, difluoromethylated, and nonfluorinated aliphatic
electrophiles with arylboronic acids under 1 atm of CO. ACS Catal. 10 (2020)
36-42.

[14] Y. Hoshimoto, T. Ohata, Y. Sasaoka, M. Ohashi, S. Ogoshi, Nickel(0)-catalyzed
[2+2+1] carbonylative cycloaddition of imines and alkynes or norbornene leading
to y-lactams, J. Am. Chem. Soc. 136 (2014) 15877-15880.

[15] R. Shi, X. Hu, From alkyl halides to ketones: nickel-catalyzed reductive carbony-
lation utilizing ethyl chloroformate as a carbonyl source, Angew. Chem. Int. Ed. 58
(2019) 7454-7458.

[16] C.W. Cheung, M.L. Ploeger, X. Hu, Amide synthesis via nickel-catalysed reductive
Aminocarbonylation of aryl halides with Nitroarenes, Chem. Sci. 9 (2018) 655-659.

[17] J.-B. Peng, F.-P. Wu, D. Li, X. Qi, J. Ying, X.-F. Wu, Nickel-catalyzed molybdenum-
promoted Carbonylative synthesis of Benzophenones, J. Org. Chem. 83 (2018)
6788-6792.

[18] Z. Yin, Z. Wang, X.-F. Wu, Selective nickel-catalyzed dehydrogenative-decarbox-
ylative formylation of indoles with glyoxylic acid, Org. Biomol. Chem. 16 (2018)
3707-3710.

[19] J.-B. Peng, F.-P. Wu, C. Xu, X. Qi, J. Ying, X.-F. Wu, Nickel-catalyzed carbonylative
synthesis of functionalized alkyl iodides, iScience 8 (2018) 175-182.

[20] J.-B. Peng, F.-P. Wu, X. Qi, J. Ying, X.-F. Wu, Nickel-catalysed carbonylative
homologation of aryl iodides, Commun. Chem. 1 (2018) 87.

[21] Y. Ping, Y. Li, J. Zhu, W. Kong, Construction of quaternary stereocenters by palla-
dium-catalyzed carbopalladation-initiated cascade reactions, Angew. Chem. Int. Ed.
58 (2019) 1562-1573.

[22] Y. Ping, K. Wang, Q. Pan, Z. Ding, Z. Zhou, Y. Guo, W. Kong, Ni-catalyzed Regio-
and enantioselective domino reductive cyclization: one-pot synthesis of 2,3-fused
cyclopentannulated Indolines, ACS Catal. 9 (2019) 7335-7342.

[23] K. Wang, W. Kong, Enantioselective reductive Diarylation of alkenes by Ni-cata-
lyzed domino heck cyclization/cross coupling, Synlett 30 (2019) 1008-1014.

[24] C. Shen, R.-R. Liu, R.-J. Fan, Y.-L. Li, T.-F. Xu, J.-R. Gao, Y.-X. Jia, Enantioselective
arylative dearomatization of indoles via Pd-catalyzed intramolecular reductive heck
reactions, J. Am. Chem. Soc. 137 (2015) 4936-4939.

[25] M. Wollenburg, J. Bajohr, A.D. Marchese, A. Whyte, F. Glorius, M. Lautens,
Palladium-catalyzed disilylation and digermanylation of alkene tethered aryl

[5

[9


https://doi.org/10.1016/j.catcom.2020.106170
https://doi.org/10.1016/j.catcom.2020.106170
http://refhub.elsevier.com/S1566-7367(20)30246-6/rf0005
http://refhub.elsevier.com/S1566-7367(20)30246-6/rf0005
http://refhub.elsevier.com/S1566-7367(20)30246-6/rf0010
http://refhub.elsevier.com/S1566-7367(20)30246-6/rf0010
http://refhub.elsevier.com/S1566-7367(20)30246-6/rf0015
http://refhub.elsevier.com/S1566-7367(20)30246-6/rf0015
http://refhub.elsevier.com/S1566-7367(20)30246-6/rf0020
http://refhub.elsevier.com/S1566-7367(20)30246-6/rf0020
http://refhub.elsevier.com/S1566-7367(20)30246-6/rf0025
http://refhub.elsevier.com/S1566-7367(20)30246-6/rf0025
http://refhub.elsevier.com/S1566-7367(20)30246-6/rf0030
http://refhub.elsevier.com/S1566-7367(20)30246-6/rf0030
http://refhub.elsevier.com/S1566-7367(20)30246-6/rf0030
http://refhub.elsevier.com/S1566-7367(20)30246-6/rf0035
http://refhub.elsevier.com/S1566-7367(20)30246-6/rf0035
http://refhub.elsevier.com/S1566-7367(20)30246-6/rf0040
http://refhub.elsevier.com/S1566-7367(20)30246-6/rf0040
http://refhub.elsevier.com/S1566-7367(20)30246-6/rf0040
http://refhub.elsevier.com/S1566-7367(20)30246-6/rf0040
http://refhub.elsevier.com/S1566-7367(20)30246-6/rf0045
http://refhub.elsevier.com/S1566-7367(20)30246-6/rf0045
http://refhub.elsevier.com/S1566-7367(20)30246-6/rf0045
http://refhub.elsevier.com/S1566-7367(20)30246-6/rf0050
http://refhub.elsevier.com/S1566-7367(20)30246-6/rf0050
http://refhub.elsevier.com/S1566-7367(20)30246-6/rf0050
http://refhub.elsevier.com/S1566-7367(20)30246-6/rf0055
http://refhub.elsevier.com/S1566-7367(20)30246-6/rf0055
http://refhub.elsevier.com/S1566-7367(20)30246-6/rf0060
http://refhub.elsevier.com/S1566-7367(20)30246-6/rf0060
http://refhub.elsevier.com/S1566-7367(20)30246-6/rf0060
http://refhub.elsevier.com/S1566-7367(20)30246-6/rf0060
http://refhub.elsevier.com/S1566-7367(20)30246-6/rf0065
http://refhub.elsevier.com/S1566-7367(20)30246-6/rf0065
http://refhub.elsevier.com/S1566-7367(20)30246-6/rf0065
http://refhub.elsevier.com/S1566-7367(20)30246-6/rf0070
http://refhub.elsevier.com/S1566-7367(20)30246-6/rf0070
http://refhub.elsevier.com/S1566-7367(20)30246-6/rf0070
http://refhub.elsevier.com/S1566-7367(20)30246-6/rf0075
http://refhub.elsevier.com/S1566-7367(20)30246-6/rf0075
http://refhub.elsevier.com/S1566-7367(20)30246-6/rf0080
http://refhub.elsevier.com/S1566-7367(20)30246-6/rf0080
http://refhub.elsevier.com/S1566-7367(20)30246-6/rf0080
http://refhub.elsevier.com/S1566-7367(20)30246-6/rf0085
http://refhub.elsevier.com/S1566-7367(20)30246-6/rf0085
http://refhub.elsevier.com/S1566-7367(20)30246-6/rf0085
http://refhub.elsevier.com/S1566-7367(20)30246-6/rf0090
http://refhub.elsevier.com/S1566-7367(20)30246-6/rf0090
http://refhub.elsevier.com/S1566-7367(20)30246-6/rf0095
http://refhub.elsevier.com/S1566-7367(20)30246-6/rf0095
http://refhub.elsevier.com/S1566-7367(20)30246-6/rf0100
http://refhub.elsevier.com/S1566-7367(20)30246-6/rf0100
http://refhub.elsevier.com/S1566-7367(20)30246-6/rf0100
http://refhub.elsevier.com/S1566-7367(20)30246-6/rf0105
http://refhub.elsevier.com/S1566-7367(20)30246-6/rf0105
http://refhub.elsevier.com/S1566-7367(20)30246-6/rf0105
http://refhub.elsevier.com/S1566-7367(20)30246-6/rf0110
http://refhub.elsevier.com/S1566-7367(20)30246-6/rf0110
http://refhub.elsevier.com/S1566-7367(20)30246-6/rf0115
http://refhub.elsevier.com/S1566-7367(20)30246-6/rf0115
http://refhub.elsevier.com/S1566-7367(20)30246-6/rf0115
http://refhub.elsevier.com/S1566-7367(20)30246-6/rf0120
http://refhub.elsevier.com/S1566-7367(20)30246-6/rf0120

H.-Q. Geng, et al.

[26]
[27]
[28]

[29]

[30]

halides: direct access to versatile silylated and germanylated heterocycles, Org. Lett.
22 (2020) 3679-3683.

Y. Jin, H. Yang, C. Wang, Nickel-catalyzed asymmetric reductive arylbenzylation of
unactivated alkenes, Org. Lett. 22 (2020) 2724-2729.

H. Wang, X.-F. Wu, Palladium-catalyzed carbonylative dearomatization of Indoles,
Org. Lett. 21 (2019) 5264-5268.

B. Seashore-Ludlow, J. Danielsson, P. Somfai, Domino carbopalladation-carbony-
lation: investigation of substrate scope, Adv. Synth. Catal. 354 (2012) 205-216.
M. Chen, X. Wang, P. Yang, X. Kou, Z.-H. Ren, Z.-H. Guan, Palladium-catalyzed
Enantioselective heck carbonylation with a monodentate phosphoramidite ligand:
asymmetric synthesis of (+)-Physostigmine, (+)-Physovenine, and
(+)-Folicanthine, Angew. Chem. Int. Ed. 59 (2020) 12199-12205.

R.C. Carmona, O.D. Kgster, C.R.D. Correia, Chiral N,N ligands enabling palladium-

[31]

[32]

[33]

Catalysis Communications 148 (2021) 106170

catalyzed enantioselective intramolecular heck-Matsuda Carbonylation reactions by
sequential migratory and CO insertions, Angew. Chem. Int. Ed. 57 (2018)
12067-12070.

S. Brown, S. Clarkson, R. Grigg, W.A. Thomas, V. Sridharan, D.M. Wilson, Palladium
catalysed queuing processes. Part 1: termolecular cyclization-anion capture em-
ploying carbon monoxide as a relay switch and hydride, organotin(IV) or boron
reagents, Tetrahedron 57 (2001) 1347-1359.

R. Grigg, J. Redpath, V. Sridharan, D. Wilson, Three component palladium cata-
lysed cyclisation-carbonylation-anion capture processes, Tetrahedron Lett. 35
(1994) 4429-4432.

M. Hu, Y. Gao, W. Wu, J. Li, C. Li, H. Zhang, H. Jiang, Efficient assembly of ynones
via palladiumcatalyzed sequential carbonylation/alkynylation, Org. Biomol. Chem.
16 (2018) 7383-7392.


http://refhub.elsevier.com/S1566-7367(20)30246-6/rf0120
http://refhub.elsevier.com/S1566-7367(20)30246-6/rf0120
http://refhub.elsevier.com/S1566-7367(20)30246-6/rf0125
http://refhub.elsevier.com/S1566-7367(20)30246-6/rf0125
http://refhub.elsevier.com/S1566-7367(20)30246-6/rf0130
http://refhub.elsevier.com/S1566-7367(20)30246-6/rf0130
http://refhub.elsevier.com/S1566-7367(20)30246-6/rf0135
http://refhub.elsevier.com/S1566-7367(20)30246-6/rf0135
http://refhub.elsevier.com/S1566-7367(20)30246-6/rf0140
http://refhub.elsevier.com/S1566-7367(20)30246-6/rf0140
http://refhub.elsevier.com/S1566-7367(20)30246-6/rf0140
http://refhub.elsevier.com/S1566-7367(20)30246-6/rf0140
http://refhub.elsevier.com/S1566-7367(20)30246-6/rf0145
http://refhub.elsevier.com/S1566-7367(20)30246-6/rf0145
http://refhub.elsevier.com/S1566-7367(20)30246-6/rf0145
http://refhub.elsevier.com/S1566-7367(20)30246-6/rf0145
http://refhub.elsevier.com/S1566-7367(20)30246-6/rf0150
http://refhub.elsevier.com/S1566-7367(20)30246-6/rf0150
http://refhub.elsevier.com/S1566-7367(20)30246-6/rf0150
http://refhub.elsevier.com/S1566-7367(20)30246-6/rf0150
http://refhub.elsevier.com/S1566-7367(20)30246-6/rf0155
http://refhub.elsevier.com/S1566-7367(20)30246-6/rf0155
http://refhub.elsevier.com/S1566-7367(20)30246-6/rf0155
http://refhub.elsevier.com/S1566-7367(20)30246-6/rf0160
http://refhub.elsevier.com/S1566-7367(20)30246-6/rf0160
http://refhub.elsevier.com/S1566-7367(20)30246-6/rf0160

	Nickel-catalyzed carbonylative synthesis of dihydrobenzofurans
	Declaration of Competing Interest
	Acknowledgment
	mk:H1_4
	mk:H1_5
	Appendix A Supplementary data
	References




