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ABSTRACT: Pd(ll)-catalyzed cross-coupling of C(sp®)—H bonds
with organosilicon coupling partners has been achieved for the
first time. The use of a newly developed quinoline-based ligand is
essential for the cross-coupling reactions to proceed.

Inspired by the Pd(0)-catalyzed cross-coupling reactions,® we
embarked on the development of Pd(Il)-catalyzed cross-coupling
of C-H bonds with organometallic reagents. A Pd(11)/Pd(0)
catalytic cycle has been established for the cross-coupling of
C(sp®)—H bonds with organotin? and organoboron reagents® with
limited substrate scopes. Subsequently, C—H cross-coupling with
readily available organoboron reagents are expanded to broadly
useful substrates including benzoic acids and phenyl acetic acids.
4% In contrast, analogous cross-coupling of C(sp®)-H bonds with
organometallic reagents has met with limited success.® Although
pyridine-directed C(sp®)-H cross-coupling with alkyl boronic
acids is successful,® extending this methodology to aliphatic acid
substrates affords poor yields (<30%) (Eq 1). The development
of an efficient N-methoxyamide directing group allowed for a rare
cross-coupling of A-C(sp®}-H bonds with boronic acids (Eq 2).’
Unfortunately, this protocol is incompatible with the substrates
containing a-hydrogen atoms. Although g-C(sp®)-H arylation
with aryl halides via Pd(11)/Pd(IV) catalysis has been developed to
accommodate a broader range of substrates,® the C(sp®)~H cross-
coupling reaction involving a Pd(I1)/Pd(0) catalytic cycle offers a
distinct platform for ligand development that will lead to
improved catalysis and selectivity. Herein, we report the first
example of B-C(sp®)-H cross-coupling of carboxylic acids with
arylsilanes using perfluorinated N-arylamide auxiliary (Eq 3).°
The discovery of a new quinoline-based ligand is crucial for the
development of this cross-coupling of C(sp®)-H bonds with
arylsilanes.

Scheme 1. Palladium-Catalyzed C(sp®)-H Activation/Cross-
Coupling Reactions of Carboxylic Acid Derivatives
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A wide range of organosilicon reagents have been successfully
used as coupllng partners in the Hiyama cross-coupling reactions
of aryl halides.*™° Important advances have also been made in the
cross-coupling of alkyl halides with arylsilanes.'! Despite
significant progress of Pd-,'**® Rh-,* and Ni-catalyzed® C(sp?)-

H cross-coupling with arylsilanes, cross-coupling of inert C(sp®)—
H bonds with organosilicon reagents remains to be reported.
Encouraged by our recent observation that pyridine- and
quinoline-based ligands promote C(sp®)-H olefination via a
Pd(11)/Pd(0) catalytic cycle,'® we launched our efforts to develop
new ligands that could promote S-C(sp®)-H cross-coupling of
carboxylic acid derivatives with organosilicon reagents.

Table 1. Screening of Ligand for C(sp®-H Cross-Coupling
with Arylsilanes®®
Pd(OAC), (10 mol%)

NNPhth ligand (20 mol%) YPhth
H\/\n/NHArF + PhSi(OEt)s o Ph\/\n/NHArF
gr, aioxane
o 110°C, 12 h o
1 2a 3a

Arg = 4-(CF3)CoF4

(. 11 ol fl

— L1 L3
0% 40% 28% 13% 0%
Me Me
O t-Bu O B t-Bu o
N™ 0" "Me N™ "O0” "Me N N
7
42% 48% 56% 54%
N Oi-Bu Me N
L9 L13
6% 23% 47% 48% 52%
OMe Cl
B S A S A
N N N N N
50% 34% 63% 67% 70% (93%)°

2 Reaction conditions: substrate 1 (0.1 mmol), 2a (2.0 equiv.), Pd(OAc), (10 mol%),
ligand (20 mol%), AgF (3.0 equiv.), 1,4-dioxane (1.0 mL), 110 °C, 12 h. ® The yield
was determined by 'H NMR analysis of the crude product using CH,Br, as the
internal standard. ° After 8 h, the second batch of 2a (2.0 equiv.) and AgF (3.0 equiv.)
was added, and the reaction proceeded for another 10 h.

Our experiments commenced by investigating the coupling of
an alanine-derived amide 1 with various organosilicon reagents
(see supporting information). We examined various oxidants and
solvents, as well as those additives previously proven to be
beneficial to the Hiyama cross-coupling. We found the reaction of
amide 1 with 2 equiv. of triethoxyphenylsilane (2a) in the
presence of 10 mol% of Pd(OAc),, 20 mol% of 2-picoline (L1),
and 3 equiv. of AgF in 1,4-dioxane at 110 °C afforded the desired
product 3a in 40% vyield. AgF proves to be the only effective
additive which has dual functions in this transformation: 1) silver
salts are one of the most efficient and commonly used oxidants to
reoxidize Pd(0) to Pd(ll) in Pd(I1)/Pd(0) catalytic cycles;’’ 2)
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fluoride sources are known to activate organosilicon coupling
partners, promoting transmetallation of aryl groups to Pd(l1).
Analysis of the reaction mixture showed that a substantial amount
of organosilicon reagents were homo-coupled to give the biaryl
side product. In the absence of ligands, the desired coupling
reaction did not proceed, indicating a significant ligand effect. We
therefore began to examine a variety of substituted pyridine
ligands that could potentially accelerate the C(sp®)-H cross-
coupling further in order to outcompete the homo-coupling
process (Table 1). 2,6-Lutidine (L2) and 2,6-dimethoxypyridine
(L3) gave the desired product in lower yields (28% and 13%
respectively), demonstrating that the increase of steric bulk and
electron-donating ability of pyridine-based ligands has negative
impact on the reaction. However, replacement of 2-picoline (L1)
with electron-deficient 2-trifluoromethylpyridine (L4) resulted in
a complete loss of reactivity.

While these pyridine ligands have been previously shown to
promote arylation of C(sp®)-H bonds with aryl iodides,®® the
failed attempts to improve the reaction suggest that the
transmetallation and reductive elimination at the Pd(Il) centers
require a different type of ligands. The tricyclic quinoline ligands
(L5, L6) were therefore chosen because they were previously
used to promote Pd-catalyzed C(sp%)-H olefination reactions via
Pd(11)/Pd(0) catalysis.*® We found that the use of L6 increased the
yield of 3a to 48%. Based on this finding, we systematically
surveyed different types of quinoline-based ligands. Gratifyingly,
the simple quinoline (L7) further improved the reactivity, giving
3a in 56% yield. While the substituent at the 6-position of
quinoline L8 did not affect the yield, installation of a methyl
group at the 8-position (L9) drastically decreased the reaction
efficiency. Any substitution at the 2-positions of quinoline-based
ligands (L10, L11) was detrimental to the cross-coupling
reactions. These investigations showed that this Hiyama-type
cross-coupling is very sensitive to the steric effect of quinoline-
based ligands. In terms of electronic effects, electron-donating
groups at the 3- or 4-positions of quinolines (L12-L.14) gave
moderate yields from 48% to 52% whereas electron-deficient 4-
chloroquinoline (L15) afforded only 34% vyield. Given that
quinolines containing fused carbocylic rings could have distinct

Table 2. Synthesis of Phenylalanine Derivatives using Ligand-
Enabled C(sp®)-H Cross-Coupling with Arylsilanes®®
Pd(OAc), (10 mol%)

L enn L1s@omore) — WP
F + ArSi(OEt F
\/\g/ ( s AgF, dioxane \/\([)r
110°C, 18 h
1 2 3

Arg = 4-(CF3)CqF4

NPhth Me NPhth MeO NPhth
NHArg A~ NHAre A NHAr:

(¢] (¢] o

3a, 88% 3b, 83% (99% ee)® 3c, 80%
F NPhth cl NPhth Br NPhth
A NHAre A NHAr: A NHAr:

o) e} o)
3d, 78% 3e, 82% (80%) 3f, 75%

FsC NPhth NPhth NPhth

NHArE |\ NHAre NHAre

0 0o OMe O
3g, 78% 3h, 75% 3i, 67%

# Reaction conditions: substrate 1 (0.1 mmol), 2 (2.0 equiv.), Pd(OAc), (10 mol%),
L18 (20 mol%), AgF (3.0 equiv.), 1,4-dioxane (1.0 mL), 110 °C. The second batch
of 2 (2.0 equiv.) and AgF (3.0 equiv.) was added at 8 h. The reactions were run for
18 h total. ° Isolated yields. ¢ The ee value was determined by chiral HPLC. ¢ Isolated
yield of a gram-scale reaction in the parenthesis.
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steric and electronic properties, we introduced 5-, 6-, and 7-
membered rings to the ligands (L16-L18), and found L18
provided the highest yield of 70%. The yield was further
increased to 93% when a second batch of 2a and AgF was added
after 8 hours.

Cross-coupling reactions of alanine-derived amide 1 with a
broad range of electron-rich and electron-poor
triethoxyarylsilanes were carried out under the standard
conditions (Table 2). Triethoxyarylsilanes containing methyl and
methoxy groups on the aryl ring afforded desired products in
excellent yields (3b, 3c). para-Fluoro, chloro, bromo, and
trifluoromethyl  groups are well tolerated, furnishing
phenylalanine derivatives in yields from 75% to 82% (3d-3g).
This reaction is also compatible with meta- and ortho-substituted
triethoxyarylsilanes (3h, 3i). Furthermore, the cyclobutyl C(sp®)—
H bond in amide substrate 4 derived from 1-aminocyclobutane-1-
carboxylic acid was successfully functionalized to afford the
corresponding p-alkyl-g-aryl-a-amino acid derivatives in 72%
yield with high levels of diastereoselectivity (Scheme 2). The
cross-coupling reaction was also carried out on a gram scale
without a noticeable decrease in yield (3e). Importantly, in the
absence of external inorganic bases, complete retention of a-
chirality (3b) was observed in the g-C(sp®)-H cross-coupling
using amide 1 (99% ee) as the substrate.

Scheme 2. Cross-Coupling of Cyclobutyl C(sp)-H Bonds

) NPhth
NPhth Si(OEt)s  pd(0Ac), (10 mol%) :
P L18 (20 mol%) CONHAre
NHA + _—
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CO,Me 110°C, 18 h coume
4 2 5 72%

mono:di = 2:1
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Table 3. p-C(sp®)-H Cross-Coupling of Carboxylic Acid
Derivatives with Arylsilanes*®

H Pd(OAc), (10 mol%) Ar
L6 (20 mol%)
NHAre + ArSi(OEt); NHAr:
R AgF, KHCO, R
o dioxane, 110 °C, 18 h o
6 2 7
Ph Ph Ph
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Ph Ph Ph
E):KNHNF Fsc\);(NHArF Ph/\)/\n/NHArF
o e} e}
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2 Reaction conditions: substrate 6 (0.1 mmol), 2 (2.0 equiv.), Pd(OAc), (10 mol%),
L6 (20 mol%), KHCO; (2.0 equiv.), AgF (3.0 equiv.), 1,4-dioxane (1.0 mL), 110 °C.
The second batch of 2a (2.0 equiv.) and AgF (3.0 equiv.) was added at 8 h. The
reactions were run for 18 h total. ° Isolated yields.

To investigate the compatibility of this protocol with other
aliphatic acids, amide 6a derived from 2-methylpentanoic acid
was subjected to standard conditions to afford the arylated product
7a in 45% vyield. Extensive optimization including changing
ligands and bases (see Sl) improved the yield to 67% (Table 3).
Under these new conditions, a variety of amides derived from
aliphatic acids were arylated in good yields (7b-7d). The cross-
coupling of amide 6e containing a trifluoromethyl group afforded
the desired product 7e in 80% yield. A number of aryl groups on
the B- and y-positions of amide substrates are tolerated (7e-7i).
The reaction is also tolerant of different types of ether groups
including a benzyl protected g-hydroxyl group (7j-71). Various
triethoxyarylsilane partners containing methyl, chloro, and
trifluoromethyl groups were coupled with substrate 61 to give the
desired products in good yields (7m-70). It should be noted that
arylation of alanine-derived amide 1 under these conditions also
proceeds, albeit leading to substantial racemization of the product.

While the - and y-aryls did not interfere with the 5-C(sp®)—H
activation, the a-aryl group in the ibuprofen-derived substrate was
preferentially ortho-arylated under these conditions (Scheme 3).
To achieve the site-selective f-C—H arylation of 8, we turned to
our previously developed arylation protocol with aryl iodides and
successfully obtained the g-arylated product 10 in 83% yield.'®
The observed opposite site selectivity with Pd(I1)/Pd(IV)*® and
Pd(I1)/Pd(0) catalysis speaks to the importance of developing
different catalytic cycles for C-H activation reactions. We
anticipate the ability to arylate C—H bonds at different positions
using two different protocols will be highly useful in synthesis.

Scheme 3. C-H Functionalizations of an Ibuprofen-Derived
Amide

H Pd(OAG), (10 mol%) H
L6 (20 mol%)
NHArE 4 PhSi(OEt); ———————— NHArg
& AgF, KHCO, &
i-Bu H dioxane, 110 °C j-Bu Ph
8 9, 75%
H Pd(TFA), (10 mol%) Ph
L1 (20 mol%)
NHAr: 4 pho| —m———— NHArg
o Ag,CO3, TFA o
i-Bu H DCE, 100 °C j-Bu H

8 10, 83%

In conclusion, ligand-enabled cross-coupling of S-C(sp®)-H
bonds in carboxylic acid derivatives with arylsilanes has been
achieved using a new quinoline-based ligand. The development of
this coupling reaction further demonstrates the potential utility of
quinoline-based ligands in Pd-catalyzed C—H activation reactions.

ASSOCTATED CONTENT
Supporting Information

Experimental procedures and spectral data for all new compounds
(PDF). This material is available free of charge via the Internet at

http://pubs.acs.org.
AURHOR INFORMATION

Corresponding Author

yu200@scripps.edu

Notes

The authors declare no competing financial interest.

ACKNOWLEDGEMENTS

Journal of the American Chemical Society

We gratefully acknowledge The Scripps Research Institute and
the NIH (NIGMS, 2R01GM084019) for financial support. H. F. is
a visiting scholar sponsored by Sichuan University. We thank
NSF under the Science Across Virtual Institutes program as part
of the CCI Center for Selective C—H Functionalization for funding
a visiting student (R. T.), CHE-1205646.

REFERENCES

(1) (a) Stille, J. K. GG 1986, 25, 508. (b) Culkin, D. A;;
Hartwig, J. F. . 2003, 36, 234. (c) Martin, R.; Buchwald, S.
L. pteiSheiimias 2008, 41, 1461. (d) Suzuki, A.

2011, 50, 6722. () Negishi, E.-i.
Nakao, Y.; Hiyama, T. . 2011, 40, 4893.

(2) Chen, X,; Li, J.-J.; Hao, X.-S.; Goodhue, C. E.; Yu, J.-Q. J. Am. Chem.
Soc. 2006, 128, 78.

(3) Chen, X.; Goodhue, C. E.; Yu, J.-Q. ininsnfisssmias. 2006, 128, 12634.

(4) Giri, R.,; Maugel, N.; Li, J.-J.; Wang, D.-H.; Breazzano, S. P.; Saunders, L.
B.; Yu, J.-Q. iiusmisasemiies. 2007, 129, 3510.

(5) Wang, D.-H.; Mei, T.-S.; Yu, J.-Q. ininsmiisssmiag 2008, 130, 17676.

(6) Wasa, M.; Engle, K. M.; Yu, J.-Q. iaiimbaas. 2010, 50, 605.

(7) Wang, D.-H.; Wasa, M.; Giri, R.; Yu, J.-Q. jinSisssssias. 2008, 130,
7190.

(8) For representative examples of C—C bond forming reactions using aryl and
alkyl halides, see: (a) Zaitsev, V. G.; Shabashov, D.; Daugulis, O. JLAmD,
Shamemtas. 2005, 127, 13154. (b) Shabashov, D.; Daugulis, O. L Am,
Ehamasas. 2010, 132, 3965. (c) Zhang, S.-Y.; He, G.; Nack, W. A.; Zhao,
Y.; Li, Q.; Chen, G. iminsnissssniian. 2013, 135, 2124. (d) Zhang, S.-Y.;
Li, Q.; He, G.; Nack, W. A.; Chen, G. J. Am. Chem. Soc. 2013, 135,
12135.

(9) (a) Wasa, M.; Engle, K. M.; Lin, D. W.; Yoo, E. J.; Yu, J.-Q. J. Am.
Ehamasag. 2011, 133, 19598. (b) Wasa, M.; Chan, K. S. L.; Zhang, X.-G;
He, J.; Miura, M.; Yu, J.-Q. ininunSissias. 2012, 134, 18570. (c) He,
J.; Wasa, M.; Chan, K. S. L.; Yu, J.-Q. ininsnSissssies. 2013, 135, 3387.

(10) (@) Yoshida, J.; Tamao, K.; Yamamoto, H.; Kakui, T.; Uchida, T.;
Kumada, M. fussssessteliies 1982, 1, 542. (b) Tamao, K.; Kobayashi, K.;
Ito, Y. iminsisasusnsisali. 1939, 30, 6051. (c) Hagiwara, E.; Gouda, K.-i.;
Hatanaka, Y.; Hiyama, T. . 1997, 38, 439. (d) Mowery,
M. E.; DeShong, P. Quglall. 1999, 1, 2137. (e) Denmark, S. E.; Choi, J.
Y. imenSisasamiien 1999, 121, 5821. (f) Itami, K.; Nokami, T.; Yoshida,
J.-i. insieemiissmemiien. 2001, 123, 5600. (g) Denmark, S. E.; Sweis, R. F.
Aaemlesieies 2002, 35, 835. (h) Denmark, S. E.; Sweis, R. F. L Am,
Ehamatas 2004, 126, 4876. (i) Denmark, S. E.; Smith, R. C. L Am,

. 2010, 132, 1243. (j) Cheng, C.; Hartwig, J. F. J. Am. Chem.
Soc. 2015, 137, 592.

(11) A seminal example of Pd-catalyzed Hiyama cross-coupling with alkyl
halides: Lee, J.-Y.; Fu, G. C. jminniissssmiing. 2003, 125, 5616.

(12) (a) Yang, S.; Li, B.; Wan, X.; Shi, Z. J. Am. Chem. Soc. 2007, 129, 6066.
(b) Zhou, H.; Xu, Y.-H.; Chung, W.-J.; Loh, T.-P.

2009, 48, 5355. (c) Li, W.; Yin, Z.; Jiang, X.; Sun, P. J. Org. Chem. 2011
76, 8543.

(13) (a) Liang, Z.; Yao, B.; Zhang, Y. Qualafl. 2010, 12, 3185. (b) Bi, L
Georg, G. |. Qrglatt. 2011, 13, 5413. (c) Funaki, K.; Kawai, H.; Sato, T.;
Oi, S. kel 2011, 40, 1050. (d) Han, W.; Mayer, P.; Ofial, A. R.
it 2011, 17, 6904. (e) Kawasumi, K.; Mochida, K.; Kajino, T;
Segawa, Y.; Itami, K. Qrglaft. 2012, 14, 418.

(14) Senthilkumar, N.; Parthasarathy, K.; Gandeepan, P.; Cheng, C.-H. Chem.

i . 2013, 8, 2175.

(15) Hachiya, H.; Hirano, K.; Satoh, T.; Miura, M. Angew. Chem. Int. Ed.
2010, 49, 2202.

(16) He, J.; Li, S.; Deng, Y.; Fu, H.; Laforteza, B. N.; Spangler, J. E.; Homs,
A.; Yu, J.-Q. Sgience 2014, 343, 1216.

(17) (a) Cho, S. H.; Hwang, S. J.; Chang, S. J. Am. Chem. Soc. 2008, 130, 9254.
(b) Wei, Y.; Kan, J.; Wang, M.; Su, W.; Hong, M. Qeglalf. 2009, 11,
3346. (c) Zhang, X.; Fan, S.; He, C.-Y.; Wan, X.; Min, Q.-Q.; Yang, J.;
Jiang, Z.-X. . 2010, 132, 4506.

(18) (a) Hatanaka, Y.; Fukushima, S.; Hiyama, T. Chem. Lett. 1989, 18, 1711.
(b) Hatanaka, Y.; Hiyama, T. . 1989, 54, 268. (c) Sugiyama,
A.; Ohnishi, Y.-y.; Nakaoka, M.; Nakao, Y.; Sato, H.; Sakaki, S.; Nakao,
Y.; Hiyama, T. “ 2008, 130, 12975.

(19) DFT computational studies on ligand-promoted C(sp®)-H arylation, see:
Dang, Y.; Qu, S.; Nelson, J. W.; Pham, H. D.; Wang, Z.-X.; Wang, X. J.

Riinthtietts 2015, 137, 2006.

2011, 50, 6738. (f)

ACS Paragon Plus Environment


http://pubs.acs.org/
http://pubs.acs.org/action/showLinks?system=10.1021%2Fja801362e&coi=1%3ACAS%3A528%3ADC%252BD1cXhtVOqtL7I
http://pubs.acs.org/action/showLinks?system=10.1021%2Fja0372356&pmid=15080692&coi=1%3ACAS%3A528%3ADC%252BD2cXisFaqsLc%253D
http://pubs.acs.org/action/showLinks?crossref=10.1126%2Fscience.1249198&coi=1%3ACAS%3A528%3ADC%252BC2cXjvVygsrk%253D
http://pubs.acs.org/action/showLinks?system=10.1021%2Fja0372356&pmid=15080692&coi=1%3ACAS%3A528%3ADC%252BD2cXisFaqsLc%253D
http://pubs.acs.org/action/showLinks?system=10.1021%2Fja908434e&pmid=20225875&coi=1%3ACAS%3A528%3ADC%252BC3cXjtFOrurs%253D
http://pubs.acs.org/action/showLinks?system=10.1021%2Fol991186d&pmid=10836067&coi=1%3ACAS%3A528%3ADyaK1MXnslensr8%253D
http://pubs.acs.org/action/showLinks?system=10.1021%2Fja015655u&pmid=11389653&coi=1%3ACAS%3A528%3ADC%252BD3MXjsFGmsrs%253D
http://pubs.acs.org/action/showLinks?system=10.1021%2Fja0570943&pmid=16390130&coi=1%3ACAS%3A528%3ADC%252BD2MXht1yrsLfF
http://pubs.acs.org/action/showLinks?system=10.1021%2Fja806681z&pmid=19067651&coi=1%3ACAS%3A528%3ADC%252BD1cXhsFSjur7N
http://pubs.acs.org/action/showLinks?crossref=10.1016%2FS0040-4039%2801%2993852-3&coi=1%3ACAS%3A528%3ADyaK3cXktVGlt7Y%253D
http://pubs.acs.org/action/showLinks?pmid=21717531&crossref=10.1002%2Fanie.201101380&coi=1%3ACAS%3A528%3ADC%252BC3MXotFClurk%253D
http://pubs.acs.org/action/showLinks?crossref=10.1246%2Fcl.2011.1050&coi=1%3ACAS%3A528%3ADC%252BC3MXht1Cju7rK
http://pubs.acs.org/action/showLinks?system=10.1021%2Fja207607s&pmid=22059375&coi=1%3ACAS%3A528%3ADC%252BC3MXhsVaisLjJ
http://pubs.acs.org/action/showLinks?pmid=19533704&crossref=10.1002%2Fanie.200901884&coi=1%3ACAS%3A528%3ADC%252BD1MXosV2hsL4%253D
http://pubs.acs.org/action/showLinks?system=10.1021%2Fja054549f&pmid=16173737&coi=1%3ACAS%3A528%3ADC%252BD2MXpsVGht7Y%253D
http://pubs.acs.org/action/showLinks?system=10.1021%2Fja054549f&pmid=16173737&coi=1%3ACAS%3A528%3ADC%252BD2MXpsVGht7Y%253D
http://pubs.acs.org/action/showLinks?system=10.1021%2Fja312277g&pmid=23350845&coi=1%3ACAS%3A528%3ADC%252BC3sXhsFaqtr0%253D
http://pubs.acs.org/action/showLinks?system=10.1021%2Fja512374g&pmid=25588921&coi=1%3ACAS%3A528%3ADC%252BC2MXosVKmsQ%253D%253D
http://pubs.acs.org/action/showLinks?system=10.1021%2Far800036s&pmid=18620434&coi=1%3ACAS%3A528%3ADC%252BD1cXosVejs7c%253D
http://pubs.acs.org/action/showLinks?system=10.1021%2Fja512374g&pmid=25588921&coi=1%3ACAS%3A528%3ADC%252BC2MXosVKmsQ%253D%253D
http://pubs.acs.org/action/showLinks?system=10.1021%2Fja0701614&pmid=17335217&coi=1%3ACAS%3A528%3ADC%252BD2sXisVOntbk%253D
http://pubs.acs.org/action/showLinks?system=10.1021%2Fol101147b&pmid=20565055&coi=1%3ACAS%3A528%3ADC%252BC3cXnslCmt7s%253D
http://pubs.acs.org/action/showLinks?system=10.1021%2Fja907049y&pmid=20058920&coi=1%3ACAS%3A528%3ADC%252BC3cXjs12rtQ%253D%253D
http://pubs.acs.org/action/showLinks?system=10.1021%2Fja907049y&pmid=20058920&coi=1%3ACAS%3A528%3ADC%252BC3cXjs12rtQ%253D%253D
http://pubs.acs.org/action/showLinks?system=10.1021%2Fja0349352&pmid=12733884&coi=1%3ACAS%3A528%3ADC%252BD3sXivFansLs%253D
http://pubs.acs.org/action/showLinks?system=10.1021%2Far020001r&pmid=12379136&coi=1%3ACAS%3A528%3ADC%252BD38XksFentr4%253D
http://pubs.acs.org/action/showLinks?pmid=23749384&crossref=10.1002%2Fasia.201300356&coi=1%3ACAS%3A528%3ADC%252BC3sXptVClt78%253D
http://pubs.acs.org/action/showLinks?system=10.1021%2Fja8041977
http://pubs.acs.org/action/showLinks?crossref=10.1016%2FS0040-4039%2896%2902320-9&coi=1%3ACAS%3A528%3ADyaK2sXotFentA%253D%253D
http://pubs.acs.org/action/showLinks?system=10.1021%2Fol202202a&coi=1%3ACAS%3A528%3ADC%252BC3MXht1Wks7rJ
http://pubs.acs.org/action/showLinks?system=10.1021%2Fja9908117&coi=1%3ACAS%3A528%3ADyaK1MXjsFajtr4%253D
http://pubs.acs.org/action/showLinks?pmid=21755089&crossref=10.1039%2Fc1cs15122c&coi=1%3ACAS%3A528%3ADC%252BC3MXhtF2jtbrL
http://pubs.acs.org/action/showLinks?crossref=10.1002%2Fanie.198605081
http://pubs.acs.org/action/showLinks?pmid=21557353&crossref=10.1002%2Fchem.201100037&coi=1%3ACAS%3A528%3ADC%252BC3MXntVGltbg%253D
http://pubs.acs.org/action/showLinks?system=10.1021%2Fja309325e&pmid=23116159&coi=1%3ACAS%3A528%3ADC%252BC38XhsF2qtrfJ
http://pubs.acs.org/action/showLinks?system=10.1021%2Fom00063a025&coi=1%3ACAS%3A528%3ADyaL38XhtVehtrs%253D
http://pubs.acs.org/action/showLinks?pmid=21618370&crossref=10.1002%2Fanie.201101379&coi=1%3ACAS%3A528%3ADC%252BC3MXms1Skurw%253D
http://pubs.acs.org/action/showLinks?system=10.1021%2Fja511352u&pmid=25514197&coi=1%3ACAS%3A528%3ADC%252BC2cXitFOhu7%252FO
http://pubs.acs.org/action/showLinks?system=10.1021%2Fjo00263a003&coi=1%3ACAS%3A528%3ADyaL1MXlslOgtQ%253D%253D
http://pubs.acs.org/action/showLinks?system=10.1021%2Fja910900p&pmid=20175511&coi=1%3ACAS%3A528%3ADC%252BC3cXit1CltLo%253D
http://pubs.acs.org/action/showLinks?system=10.1021%2Fja0646747&pmid=17002342&coi=1%3ACAS%3A528%3ADC%252BD28Xptleltr8%253D
http://pubs.acs.org/action/showLinks?system=10.1021%2Fja910900p&pmid=20175511&coi=1%3ACAS%3A528%3ADC%252BC3cXit1CltLo%253D
http://pubs.acs.org/action/showLinks?system=10.1021%2Far0201106&pmid=12693921&coi=1%3ACAS%3A528%3ADC%252BD3sXlsVWgsA%253D%253D
http://pubs.acs.org/action/showLinks?system=10.1021%2Fol203235w&coi=1%3ACAS%3A528%3ADC%252BC3MXhs1CrsLrL
http://pubs.acs.org/action/showLinks?pmid=21552359&crossref=10.1002%2Fijch.201000038&coi=1%3ACAS%3A528%3ADC%252BC3cXhsF2rtrvJ
http://pubs.acs.org/action/showLinks?system=10.1021%2Fol901200g&pmid=19719183&coi=1%3ACAS%3A528%3ADC%252BD1MXosFSltbs%253D
http://pubs.acs.org/action/showLinks?system=10.1021%2Fja400648w&pmid=23406445&coi=1%3ACAS%3A528%3ADC%252BC3sXisF2jsL8%253D

QWSRO UITEWMNMBEBEOOEOOONOOIEPRDROIRNROCOONDABRRWNNEEOOONDONONRNDNMNRDODOBPENBPEBERBEMNREPBOO~NORWNE

Journal of the American Chemical Society

H Ar

Pd(OAc),/Ligand
NHArg + ArSi(OEt); ——————————— NHAr
RY i AgF, dioxane R} "
(0] O
Me
t-Bu
Ligand: N or m
7 7
N N™ "O" 'Me

Page 4 of 4

ACS Paragon Plus Environment



