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The first example of Pd-catalyzed aerobic direct olefination of polyfluoroarenes has been developed. The
reaction makes use of molecular O, as terminal oxidant, and provides a cost-efficient and environmen-
tally benign access to polyfluoroarene-alkene structures that are of interest in life and material sciences.
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Due to the important role of polyfluoroarene derivatives in life
and material sciences,' in particular in advanced functional mate-
rials, such as liquid crystals, organic light-emitting diodes (OLEDs),
and field-effect transistors (FETs),? it is of great interest to develop
new and efficient methods to access such a class of fluorinated
compounds.® Over the past few years, although considerable pro-
gresses have been achieved in transition-metal-catalyzed direct
C—H bond functionalization® of polyfluoroarenes,®’ efficient
methods for the construction of polyfluorarylated olefins remain
few. Very recently, we reported the first example of palladium-cat-
alyzed direct olefination of polyfluoroarenes via C—H bond activa-
tion,”® which represents one of the rare examples of catalytic direct
olefination of electron-deficient arenes.® However, one drawback
of this method is the requirement of excessive silver salt (Ag,CO3),
which decreases its atom economy. To address this issue, the use of
molecular O, as oxidant is appealing, because only water is pro-
duced as a byproduct. Inspired by our recent work on palladium-
catalyzed oxidative cross-coupling of polyfluoroarenes with thio-
phenes by using O, as the terminal oxidant,”' herein, we report
the first example of palladium-catalyzed aerobic direct olefination
of polyfluoroarenes, which provides a cost-efficient and environ-
mentally benign access to polyfluoroarene-alkene structures
(Scheme 1). Furthermore, the use of thioether (PhSCH3) as a ligand
enables the reaction conducting with 1:1 ratio of polyfluoroarene
and alkene in high efficiency, thus highlighting the advantages of
this protocol.
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Scheme 1. Pd-catalyzed direct olefination of polyfluoroarenes.

We began this study by treatment of pentafluorobenzene 1a
(1.0 equiv) with tert-butyl acrylate 2a (2.0 equiv) in the presence
of Pd(OAc), (10 mol %) and PhSCH; (2.8 equiv) in DMF under
1 atm O, at 120 °C (Table 1, entry 1), in which PhSCH3 has been
previously demonstrated to be a good ligand to activate the palla-
dium species and benefit the catalytic cycle.® However, only a trace
amount of the desired product 3a was detected. The addition of
K,CO3 or K3PO4 to the reaction led to negative results as well
(Table 1, entries 2 and 3). Considering that silver salts could facil-
itate the deprotonation of polyfluoroarene and benefit formation
of Pd(polyfluoroaryl) complex,”" a catalytic amount of Ag,COs
(0.1 equiv) was employed. To our delight, the yield was dramati-
cally improved to 60% yield (determined by '°F NMR) (Table 1,
entry 4). These findings demonstrated that silver plays an essential
role in the catalytic cycle. Encouraged by this result, different sol-
vent and thioether were investigated (Table 1, entries 5-13). It was
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Table 1
Optimization of Pd-catalyzed aerobic direct olefination of pentafluorobenzene 1a
with tert-butyl acrylate 2a*

F Pd(OAG), (10 mol %) F
F F [Ag], additive F. A OtBu
j©/ i G 0, (Tatm) .
F I © Solvent, 120°C !
1a 2a 3a
Entry 2a(equiv) [Ag](equiv) Solvent  Additive (equiv) Yield” (%)
1 2.0 — DMF PhSCH3(2.8) Trace
2 2.0 K»C03(0.1) DMF PhSCH3(2.8) 10
3 2.0 K3P04(0.1) DMF PhSCH3(2.8) nr
4 2.0 Ag,C05(0.1) DMF PhSCH3(2.8) 60
5 2.0 Ag,C05(0.1) DMSO PhSCH3(2.8) 44
6 2.0 Ag>C0O5(0.1) Dioxane PhSCH;(2.8) 5
7 2.0 Ag,C03(0.1) Toluene PhSCH5(2.8) Trace
8 2.0 Ag>C0O5(0.1) DMA PhSCH3(2.8) 69
9 2.0 Ag>C0O5(0.1) DMA PhSPh(2.8) 8
10 2.0 Ag>C0O5(0.1) DMA (t-Bu);S(2.8) Trace
11 2.0 Ag,C05(0.1) DMA t-BuSCH3(2.8) 40
12 2.0 Ag>C0O5(0.1) DMA CH3SCH5(2.8) 41
13 2.0 Ag>C0O5(0.1) DMA DMSO0(2.8) 58
14 1.0 Ag,C05(0.1) DMA PhSCH3(2.8) 79
15 1.0 Ag,C0O5(0.1) DMA PhSCH3(1.5) 76
16 1.0 Ag>C0O5(0.1) DMA PhSCH3(2.0) 83(73)
17 1.0 Ag,C0O5(0.1) DMA PhSCH3(2.5) 81(72)
18 1.0 Ag,C05(0.1) DMA PhSCH5(3.0) 78
19 1.0 Ag>C0O5(0.1) DMA PhSCH3(4.0) 63
20 1.0 AgOAc(0.2) DMA PhSCH3(2.0) 65
21 1.0 Ag,0(0.1) DMA PhSCH3(2.0) 75
22¢ 1.0 Ag»C0O5(0.1) DMA PhSCH3(2.0) 9
234 1.0 Ag>C0O5(0.1) DMA PhSCH3(2.0) nr

¢ Reaction conditions (unless otherwise specified): 1a (0.3 mmol, 1equiv), 2a
(1.0-2.0 equiv), solvent (1 mL) at 120 °C for 8 h.

> NMR yield determined by '°F NMR using fluorobenzene as an internal standard
(isolated yield in parentheses).

¢ The reaction was carried out in the absence of O,.

4 The reaction was carried out in the absence of Pd(OAc),.

found that polar solvent DMA was the best reaction medium, pro-
viding 3a in 69% yield (Table 1, entry 8), but non-polar solvent tol-
uene failed to afford the desired product (Table 1, entry 7). It was
also revealed that the steric effect of the thioethers significantly
influenced the reaction efficiency (Table 1, entries 9-12). Thio-
ethers bearing two bulky groups, such as PhSPh and tBuStBu al-
most inhibited the reaction (Table 1, entries 9-10). While
synthetically useful yields were obtained by employing tBuSCH3;
or CH3SCH3 as an additive (Table 1, entries 11-12). We reasoned
that the different reactivities of the tested thioethers might be as-
cribed to the different coordination abilities of thioethers to palla-
dium. Compared to PhSCH3, the strong or poor coordination of
thioether to palladium all led to some palladium intermediates
with low catalytic activities. This is in accordance to our previous
report.” Additionally, DMSO'® could also be used as an additive
and provided 3a in moderate yields (Table 1, entries 13). Further-
more, we found that the ratio between 1a and 2a also influenced
the reaction efficiency. Even a higher yield (79%, determined by
19F NMR) of 3a was obtained, when the reaction was carried out
with 1:1 ratio of 1a and 2a, thus highlighting the advantage of
the present catalytic system (Table 1, entry 14). Other silver salts,
such as AgOAc and Ag,0, were also effective, but provided lower
yields than Ag,COs did (Table 1, entries 20-21). Finally, the optimal
reaction conditions were identified by using 2.0 equiv of PhSCHj5,
with 73% isolated yield of 3a obtained (Table 1, entry 16). The ab-
sence of O, or Pd(OAc); led to poor yields or no product, thus dem-
onstrating that a palladium redox catalytic cycle is involved in the
reaction (Table 1, entries 22-23).

With the optimal reaction conditions in hand, a variety of al-
kenes were investigated (Table 2). Generally, moderate to good

yields with high E/Z selectivities were obtained through this new
catalytic system. Compared to electron-rich alkenes, higher yields
were provided when electron-deficient alkenes were employed
as coupling partners (3a-e). The moderate yields obtained from
electron-rich alkenes are because of the formation of some alde-
hydes that were resulted from the oxidation of aromatic alkenes
under O, atmosphere (3f-g). However, further optimization of
the reaction conditions by using 2.0 equiv of alkenes led to poor
yields (20-25% determined by 'F NMR). The substrate scope of
fluoroarene is not restricted to pentafluorobenzene, variations of
fluoroarenes containing 3-4 fluorines were also competent part-
ners. Moderate to good yields were obtained when 2.0 equiv of al-
kenes were used for 3-substituted tetrafluorobenzenes (3h-i).
Fluorinated pyridine also furnished its corresponding product in
synthetically useful yield (3j). For fluoroarenes containing more
than one reaction site, moderate yields of monoolefinated products
were still observed with using 3.0 equiv of fluoroarenes (3k-1).

In conclusion, a palladium-catalyzed aerobic direct olefination
of polyfluoroarenes has been developed. The reaction makes use
of molecular O, as terminal oxidant, thus providing a cost-efficient
and environmentally benign access to polyfluoroarene-alkene
structures. The silver and thioether play important roles in the
reaction efficiency, further investigation of the reaction mecha-
nism is now in progress in our group.

Table 2
Pd-catalyzed aerobic direct olefination of fluoroarenes 4 with various alkenes 2%
Pd(0AQ), (10 mol %)

H Ag2CO3 (0.1 equiv) R
A A
P P R
Z 2 PhSCH; (2.0 equiv) Z 3
1 0, (1atm), DMA, 120°C

F 0
F N-"ot8u F N 0Et F N-"on-8u
F F F F F F

F

F F

3a, 73% (35:1)

3b, 62% (30:1)

3¢, 60% (38:1)

F o} .
F N - i
N N
| F S0
F F OEt
r F F
F
3d, 72% 3e, 57% (20:1) 3f, 43%
F o} F o}
F -"otBu F " otBu
FsC F MeO F
& F F
3g, 42% 3h, 71%P 3i, 61%P
F o F 0o F o
F N Norsu F N 0tBu /(j\/\)\onsu
N A e F F F
F F
3, 42% 3k, 41% (9%)° 31, 40% (6%)°

2 Reaction conditions (unless otherwise specified): 1 (0.3 mmol, 1.0 equiv), 2
(1.0 equiv), DMA (1 mL) for 8 h. Number in parentheses is the ratio of E/Z.

51 (0.3 mmol, 1.0 equiv) and 2 (2.0 equiv) were used.

€1 (3.0 equiv) and 2 (0.3 mmol) were used. Number in parentheses is dialkeny-

lated product.



2964

Acknowledgments

The National Natural Science Foundation of China (NSFC) (nos.

21172242 and 20832008), and SIOC are greatly acknowledged for
funding this work.

Supplementary data

Supplementary data (detailed experimental procedures, and

characterization data for new compounds) associated with this
article can be found, in the online version, at http://dx.doi.org/
10.1016/j.tetlet.2014.03.096

References and notes

1.

(a) Zahn, A.; Brotschi, C.; Leumann, C. ]. Chem. Eur. J. 2005, 11, 2125; (b) Muller,
K.; Faeh, C.; Diederich, F. Science 2007, 317, 1881; (c) Purser, S.; Moore, P. R.;
Swallow, S.; Gouverneur, V. Chem. Soc. Rev. 2008, 37, 320; (d) Michael, J. P. Nat.
Prod. Rep. 2008, 25, 166; (e) Amii, H.; Uneyama, K. Chem. Rev. 2009, 109, 2119.

. Reviews: (a) Meyer, E. A.; Castellano, R. K.; Diederich, F. Angew. Chem., Int. Ed.

2003, 42, 1210; (b) Murphy, A. R.; Frechet, ]. M. J. Chem. Rev. 2007, 107, 1066;
(c) Babudri, F.; Farinola, G. M.; Naso, F.; Ragni, R. Chem. Commun. 2007, 1003;
(d) Tang, M. L.; Reichardt, A. D.; Miyaki, N.; Stoltenberg, R. M.; Bao, Z. J. Am.
Chem. Soc. 2008, 130, 6064; (e) Wang, Y.; Parkin, S. R.; Watson, M. D. Org. Lett.
2008, 10, 4421; (f) Wang, Y.; Watson, M. D. J. Am. Chem. Soc. 2006, 128, 2536;
(g) Yoon, M.-H.; Facchetti, A.; Stern, C. E.; Marks, T. J. J. Am. Chem. Soc. 2006, 128,
5792; (h) Letizia, J. A.; Facchetti, A.; Stern, C. L.; Ratner, M. A.; Marks, T. J. J. Am.
Chem. Soc. 2005, 127, 13476.

. For preparation of polyfluoroarene derivatives using traditional methods, see:

(a) Harper, R. J., Jr.; Soloski, E. J.; Tamborski, C. J. Org. Chem. 1964, 29, 2385; (b)
Shen, Y.; Xiang, Y. Synth. Commun. 1991, 21, 1403; (c) Albéniz, A. C.; Espinet, P.;
Martn-Ruiz, B.; Milstein, D. J. Am. Chem. Soc. 2001, 123, 11504; (d) Albéniz, A.
C.; Espinet, P.; Martin-Ruiz, B.; Milstein, D. Organometallics 2005, 24, 3679.

. For selected recent reviews related to C—H bonds activation, see: (a) Campeau,

L.-C.; Fagnou, K. Chem. Commun. 2006, 1253; (b) Daugulis, O.; Zaitzev, V. G.;
Shabashov, D.; Pham, Q.-N.; Lazareva, A. Synlett 2006, 3382; (c) Alberico, D.;

. For selected

C.-Y. He et al./ Tetrahedron Letters 55 (2014) 2962-2964

Scott, M. E.; Lautens, M. Chem. Rev. 2007, 107, 174; (d) Giri, R.; Shi, B. F.; Engle,
K. M.; Maugel, N.; Yu, J.-Q. Chem. Soc. Rev. 2009, 38, 3242; (e) Ackermann, L.;
Vicente, R.; Kapdi, A. R. Angew. Chem., Int. Ed. 2009, 48, 9792; (f) Colby, D. A,;
Bergman, R. G.; Ellman, J. A. Chem. Rev. 2010, 110, 624; (g) Lyons, T. W.; Sanford,
M. S. Chem. Rev. 2010, 110, 1147; (h) Sun, C.-L.; Li, B.-].; Shi, Z.-]J. Chem. Commun.
2010, 677.

recent reviews related to transition-metal catalyzed
dehydrogenative cross-coupling, see: (a) Yeung, C. S.; Dong, V. M. Chem. Rev.
2011, 111, 1215; (b) Bras, J. L.; Muzart, J. Chem. Rev. 2011, 111, 1170; (c) Liu, C.;
Zhang, H.; Shi, W.; Lei, A. Chem. Rev. 2011, 111, 1780; (d) Han, W.; Ofial, A. R.
Synlett 2011, 13864; (e) Cho, S. H.; Kim, J. Y.; Kwak, J.; Chang, S. Chem. Soc. Rev.
2011, 40, 5068; (f) Bugaut, X.; Glorius, F. Angew. Chem., Int. Ed. 2011, 50, 7479.

. (a) Lafrance, M.; Rowley, C. N.; Woo, T. K.; Fagnou, K. J. Am. Chem. Soc. 2006,

128, 8754; (b) Do, H.-Q.; Daugulis, O. J. Am. Chem. Soc. 2008, 130, 1128; (c)
Nakao, Y.; Kashihara, N.; Kanyiva, K. S.; Hiyama, T. J. Am. Chem. Soc. 2008, 130,
16170; (d) Wei, Y.; Zhao, H.; Kan, ]J.; Su, W.; Hong, M. J. Am. Chem. Soc. 2010,
132, 2522; (e) Yei, Y.; Su, W. J. Am. Chem. Soc. 2010, 132, 16377; (f) Yao, T.;
Hirano, K.; Saoh, T.; Miura, M. Angew. Chem., Int. Ed. 2011, 50, 2990.

. For our contribution to transition-metal-catalyzed direct functionalization of

polyfluoroarenes, see: (a) Zhang, X.; Fan, S.; He, C.-Y.; Wan, X.; Min, Q.-Q.; Yang,
].; Jiang, Z.-X. J. Am. Chem. Soc. 2010, 132, 4506; (b) He, C.-Y.; Fan, S.; Zhang, X. J.
Am. Chem. Soc. 2010, 132, 12850; (c) Fan, S.; Chen, F.; Zhang, X. Angew. Chem.,
Int. Ed. 2011, 50, 5918; (d) Fan, S.; Yang, J.; Zhang, X. Org. Lett. 2011, 13, 4374;
(e) Fan, S.; He, C.-Y.; Zhang, X. Chem. Commun. 2010, 4926; (f) Chen, F.; Feng, Z.;
He, C.-Y.; Wang, H.-Y.; Guo, Y.-l.; Zhang, X. Org. Lett. 2012, 14, 1176; (g) Chen,
F.; Min, Q.-Q.; Zhang, X. J. Org. Chem. 2012, 77, 2992; (h) Chen, F.; Zhang, X.
Chem. Lett. 2011, 40, 978; (i) He, C.-Y.; Min, Q.-Q.; Zhang, X. Organometallics
2012, 31, 1335; (j) Yy, Y.-B.; Fan, S.; Zhang, X. Chem. Eur. J. 2012, 18, 14643; (k)
Fan, S.; Chen, Z.; Zhang, X. Org. Lett. 2012, 14, 4950; (1) Chen, Z.; He, C.-Y.; Yin,
Z.; Chen, L.; He, Y.; Zhang, X. Angew. Chem., Int. Ed. 2013, 52, 5813; (m) He, Y.;
Chen, Z.; He, C.-Y.; Zhang, X. Chin. J. Chem. 2013, 31, 873.

. For direct olefination of electron-deficient arenes or heterocycles without

directing group, see: (a) Zhang, Y.-H.; Shi, B.-F.; Yu, ].-Q. J. Am. Chem. Soc. 2009,
131, 5072; (b) Cho, S. H.; Hwang, S. J.; Chang, S. J. Am. Chem. Soc. 2008, 130,
9254; (c) Wu, J.; Cui, X.; Chen, L.; Jiang, G.; Wu, Y. J. Am. Chem. Soc. 2009, 131,
13888.

Wu, C.-Z.; He, C.-Y.; Huang, Y.; Zhang, X. Org. Lett. 2013, 15, 5266.

DMSO benefits the palladium catalytic cycle, see: Steinhoff, B. A.; Stahl, S. S. J.
Am. Chem. Soc. 2006, 128, 4348. Ref. 7b.


http://dx.doi.org/10.1016/j.tetlet.2014.03.096
http://dx.doi.org/10.1016/j.tetlet.2014.03.096
http://refhub.elsevier.com/S0040-4039(14)00517-6/h0005
http://refhub.elsevier.com/S0040-4039(14)00517-6/h0010
http://refhub.elsevier.com/S0040-4039(14)00517-6/h0010
http://refhub.elsevier.com/S0040-4039(14)00517-6/h0015
http://refhub.elsevier.com/S0040-4039(14)00517-6/h0015
http://refhub.elsevier.com/S0040-4039(14)00517-6/h0020
http://refhub.elsevier.com/S0040-4039(14)00517-6/h0020
http://refhub.elsevier.com/S0040-4039(14)00517-6/h0025
http://refhub.elsevier.com/S0040-4039(14)00517-6/h0030
http://refhub.elsevier.com/S0040-4039(14)00517-6/h0030
http://refhub.elsevier.com/S0040-4039(14)00517-6/h0035
http://refhub.elsevier.com/S0040-4039(14)00517-6/h0040
http://refhub.elsevier.com/S0040-4039(14)00517-6/h0045
http://refhub.elsevier.com/S0040-4039(14)00517-6/h0045
http://refhub.elsevier.com/S0040-4039(14)00517-6/h0050
http://refhub.elsevier.com/S0040-4039(14)00517-6/h0050
http://refhub.elsevier.com/S0040-4039(14)00517-6/h0055
http://refhub.elsevier.com/S0040-4039(14)00517-6/h0060
http://refhub.elsevier.com/S0040-4039(14)00517-6/h0060
http://refhub.elsevier.com/S0040-4039(14)00517-6/h0065
http://refhub.elsevier.com/S0040-4039(14)00517-6/h0065
http://refhub.elsevier.com/S0040-4039(14)00517-6/h0070
http://refhub.elsevier.com/S0040-4039(14)00517-6/h0070
http://refhub.elsevier.com/S0040-4039(14)00517-6/h0075
http://refhub.elsevier.com/S0040-4039(14)00517-6/h0075
http://refhub.elsevier.com/S0040-4039(14)00517-6/h0080
http://refhub.elsevier.com/S0040-4039(14)00517-6/h0080
http://refhub.elsevier.com/S0040-4039(14)00517-6/h0085
http://refhub.elsevier.com/S0040-4039(14)00517-6/h0085
http://refhub.elsevier.com/S0040-4039(14)00517-6/h0090
http://refhub.elsevier.com/S0040-4039(14)00517-6/h0090
http://refhub.elsevier.com/S0040-4039(14)00517-6/h0090
http://refhub.elsevier.com/S0040-4039(14)00517-6/h0095
http://refhub.elsevier.com/S0040-4039(14)00517-6/h0095
http://refhub.elsevier.com/S0040-4039(14)00517-6/h0100
http://refhub.elsevier.com/S0040-4039(14)00517-6/h0100
http://refhub.elsevier.com/S0040-4039(14)00517-6/h0105
http://refhub.elsevier.com/S0040-4039(14)00517-6/h0105
http://refhub.elsevier.com/S0040-4039(14)00517-6/h0110
http://refhub.elsevier.com/S0040-4039(14)00517-6/h0110
http://refhub.elsevier.com/S0040-4039(14)00517-6/h0115
http://refhub.elsevier.com/S0040-4039(14)00517-6/h0115
http://refhub.elsevier.com/S0040-4039(14)00517-6/h0120
http://refhub.elsevier.com/S0040-4039(14)00517-6/h0120
http://refhub.elsevier.com/S0040-4039(14)00517-6/h0125
http://refhub.elsevier.com/S0040-4039(14)00517-6/h0125
http://refhub.elsevier.com/S0040-4039(14)00517-6/h0130
http://refhub.elsevier.com/S0040-4039(14)00517-6/h0130
http://refhub.elsevier.com/S0040-4039(14)00517-6/h0130
http://refhub.elsevier.com/S0040-4039(14)00517-6/h0135
http://refhub.elsevier.com/S0040-4039(14)00517-6/h0140
http://refhub.elsevier.com/S0040-4039(14)00517-6/h0140
http://refhub.elsevier.com/S0040-4039(14)00517-6/h0145
http://refhub.elsevier.com/S0040-4039(14)00517-6/h0145
http://refhub.elsevier.com/S0040-4039(14)00517-6/h0150
http://refhub.elsevier.com/S0040-4039(14)00517-6/h0150
http://refhub.elsevier.com/S0040-4039(14)00517-6/h0155
http://refhub.elsevier.com/S0040-4039(14)00517-6/h0160
http://refhub.elsevier.com/S0040-4039(14)00517-6/h0160
http://refhub.elsevier.com/S0040-4039(14)00517-6/h0165
http://refhub.elsevier.com/S0040-4039(14)00517-6/h0170
http://refhub.elsevier.com/S0040-4039(14)00517-6/h0170
http://refhub.elsevier.com/S0040-4039(14)00517-6/h0170
http://refhub.elsevier.com/S0040-4039(14)00517-6/h0175
http://refhub.elsevier.com/S0040-4039(14)00517-6/h0175
http://refhub.elsevier.com/S0040-4039(14)00517-6/h0180
http://refhub.elsevier.com/S0040-4039(14)00517-6/h0185
http://refhub.elsevier.com/S0040-4039(14)00517-6/h0185
http://refhub.elsevier.com/S0040-4039(14)00517-6/h0190
http://refhub.elsevier.com/S0040-4039(14)00517-6/h0190
http://refhub.elsevier.com/S0040-4039(14)00517-6/h0190
http://refhub.elsevier.com/S0040-4039(14)00517-6/h0195
http://refhub.elsevier.com/S0040-4039(14)00517-6/h0195
http://refhub.elsevier.com/S0040-4039(14)00517-6/h0200
http://refhub.elsevier.com/S0040-4039(14)00517-6/h0200
http://refhub.elsevier.com/S0040-4039(14)00517-6/h0205
http://refhub.elsevier.com/S0040-4039(14)00517-6/h0210
http://refhub.elsevier.com/S0040-4039(14)00517-6/h0215
http://refhub.elsevier.com/S0040-4039(14)00517-6/h0215
http://refhub.elsevier.com/S0040-4039(14)00517-6/h0220
http://refhub.elsevier.com/S0040-4039(14)00517-6/h0220
http://refhub.elsevier.com/S0040-4039(14)00517-6/h0225
http://refhub.elsevier.com/S0040-4039(14)00517-6/h0225
http://refhub.elsevier.com/S0040-4039(14)00517-6/h0230
http://refhub.elsevier.com/S0040-4039(14)00517-6/h0230
http://refhub.elsevier.com/S0040-4039(14)00517-6/h0235
http://refhub.elsevier.com/S0040-4039(14)00517-6/h0240
http://refhub.elsevier.com/S0040-4039(14)00517-6/h0240
http://refhub.elsevier.com/S0040-4039(14)00517-6/h0245
http://refhub.elsevier.com/S0040-4039(14)00517-6/h0245
http://refhub.elsevier.com/S0040-4039(14)00517-6/h0250
http://refhub.elsevier.com/S0040-4039(14)00517-6/h0250
http://refhub.elsevier.com/S0040-4039(14)00517-6/h0255
http://refhub.elsevier.com/S0040-4039(14)00517-6/h0255
http://refhub.elsevier.com/S0040-4039(14)00517-6/h0255
http://refhub.elsevier.com/S0040-4039(14)00517-6/h0260
http://refhub.elsevier.com/S0040-4039(14)00517-6/h0260
http://refhub.elsevier.com/S0040-4039(14)00517-6/h0265
http://refhub.elsevier.com/S0040-4039(14)00517-6/h0265
http://refhub.elsevier.com/S0040-4039(14)00517-6/h0270
http://refhub.elsevier.com/S0040-4039(14)00517-6/h0275
http://refhub.elsevier.com/S0040-4039(14)00517-6/h0275

	Pd-catalyzed aerobic direct olefination of polyfluoroarenes
	Acknowledgments
	Supplementary data
	References and notes


