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ABSTRACT: A new Pd(II)-catalyzed alkene oxidative
difunctionalization initiated by Heck insertion has been
developed for the selective synthesis of acyclic and cyclic all-
carbon quaternary stereocenters, which achieves an oxidative
Heck-type alkylation, aryl migration, and desulfonylation
sequence and represents a different input from those
previously used Heck coupling in synthesis is reported.

ll-carbon quaternary stereocenters are important key

structural components that are found ubiquitously in
biologically and pharmaceutically active molecules." Therefore,
their construction remains an active research area in synthesis.l_4
The difunctionalization of alkenes is among the facile methods to
build all-carbon quaternary stereocenters and has attracted much
attention from synthetic chemists.” * In this field, the
carbofunctionalization process by the incorporation of an arene
across an alkene recently provided significant breakthroughs for
the all-carbon quaternary stereocenter synthesis.”* However, the
majority of these transformations proceed through arene
intramolecular incorporation and are therefore limited to the
construction of the cyclic quaternary stereocenters.> Recently,
Novado and co-workers first reported an arene-migration
incorporation strategy to build acyclic all-carbon quaternary
stereocenters by Cu-catalyzed aryltrifluoromethylation of
conjugated tosyl amides with Togni’s reagent through an aryl-
migration process (Scheme 1a). *b Subsequently, a similar
strategy has been extended to arylphosphonylation and
arylazidation of alkenes for accessing various acyclic quaternary
stereocenters (Scheme 1a).*

Scheme 1. Difunctionalization of Alkenes
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Herein, we report a new type of arene incorporation strategy
initiated by the oxidative Heck-type insertion, thus enabling the
versatile assembly of acyclic all-carbon quaternary stereocenters
from activated alkenes and a wide range of a-carbonyl alkyl
bromides, including tertiary and secondary a-bromoalkyl esters,
amides, and ketones (Scheme 1b); this method achieves the
Heck-type alkylation, 1,4-aryl migration, and desulfonylation
cascade by using PdCl,(MeCN), catalyst and Cu(OAc),
oxidant/cocatalyst and serves as a new example of alkene
oxidative difunctionalization triggered by the Heck insertion.
Notably, the chemoselectivity toward acyclic or cyclic quaternary
stereocenters can be controlled by varying the substitution effect
of the nitrogen atom.

Over the past several years transition-metal-catalyzed
difunctionalization of alkenes with organohalidess’6 or organo-
metallic reagents’ involving the Heck insertion® has proven to be
a reliable tool to obtain diverse difunctionalized products, which
often employs Pd catalysts to form a o-alkyl palladium(1I)
intermediate via the Heck-type insertion into an alkene and then
interception with another functional reagent.>~” Despite their
importance, few methods initiated by the Heck insertion and
especially under oxidative conditions®” have been reported, and
most are restricted to the formation of o-alkyl palladium(II)
intermediates from aryl halides® or arylmetallic reagents.” Only
one paper on the o-alkyl palladium(II) intermediate-forming
from alkyl halides for alkene dlﬁmctlonalxzatlon through the
oxidative Heck insertion has been described.® However, this
method is also limited to arene intramolecular incorporation
leading to the cyclic quaternary stereocenters. Thus, a new
oxidative Heck insertion-initiated arene incorporation strategy
for alkene difunctionalization is desirable.

We initiated our study on the difunctionalization of N-phenyl-
N-(phenylsulfonyl)methacrylamide (1a) with ethyl 2-bromo-2-
methylpropanoate (2a) for reaction condition optimization
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(Table 1).” In the presence of PdCl,(MeCN),, Ag,COs, and
dppe, the previously reported efficient catalytic system,’

Table 1. Screening of Optimal Conditions®

o o
0P Pa Moy OEt
J? H _ additives _ Fl'h
@ Ph OEt
3aa
entry [Pd] (mol %) additive (equiv) yield (%)
1v PdCl,(MeCN), (10) Ag,CO; (2) 43
2 PdCL,(MeCN), (10) Ag,CO; (2) 51
3 PdCl,(MeCN), (10) Cu(OAc)yH,0 (2) 72
4 PdCl,(MeCN), (10) NaOAc (2) trace
S PdCL,(MeCN), (10) tBuOK (2) trace
6 PACL(MeCN), (10) 6
7 PdCL,(MeCN), (10) Cu(0Ac), H,0 (1) kY
8 PdCL(MeCN), (10) Cu(OAc)yH,0 (3) 71
9 PdCL,(MeCN), (15) Cu(0Ac), H,0 (2) 70
10 PACL,(MeCN), (7.5) Cu(OAc)yH,0 (2) 65
11 PdClL,(MeCN), (5) Cu(OAc),-H,0 (2) 20
12 Cu(0Ac), H,0 (2) 0
13 PdCl, (10) Cu(OAc), H,0 (2) 61
14 PdCL,(PPhy), (10) Cu(0Ac), H,0 (2) 69
15 Pd(dba), (10) Cu(OAc)yH,0 (2) 29
16° PACL(MeCN), (10) Cu(0Ac),H,0 (2) 73

“Reaction conditions: 1a (0.3 mmol), 2a (0.6 mmol), [Pd], additive,
and DMA (N,N- d1methylacetam1de, 2 mL) at 100 °C under N,
atmosphere for 12 h. “Dppe (20 mol %). “Compound 1a (1 g 3.32
mmol) and DMA (10 mL) for 36 h.

acrylamide 1a successfully underwent the Heck-type alkyla-
tion/aryl migration/desulfonylation sequence with alkyl bro-
mide 2a, giving the desired quaternary stereocenter 3aa in 43%
yield (entry 1). The results indicated that dppe ligand was not
necessary, and its absence slightly increased the yield (51% yield;
entry 2). Interestingly, inspired by these results, a series of other
additives, including Cu(OAc),, NaOAc, and t-BuOK, were
examined (entries 3—5). Cu(OAc), showed higher reactivity
than Ag,CO; and furnished 3aa in 72% yield (entry 3). However,
the other additives, NaOAc and t+-BuOK, had no effect on the
reaction (entries 4 and S). Notably, only 6% yield of 3aa was
isolated without additives (entry 6). These results suggest that
Cu(OAc), or Ag,CO; may play as an oxidant and a cocatalyst.
Among the amount of Cu(OAc), examined, 2 equiv Cu(OAc),
was preferred (entry 3 vs entries 7 and 8). Screening on the
amount of PdCL,(MeCN), revealed that 10 mol % of Pd was
perfect (entries 3 and 9—11): yields similar to those of 10 mol %
of Pd were achieved with 15 mol % of Pd, whereas the yield
decreased to 65% when 7.5 mol % of Pd was used and to 20%
with § mol % of Pd. However, no reaction was observed without
Pd catalyst (entry 12). Three other Pd catalysts, namely PdCl,,
PdCL,(PPh,;),, and Pd(dba),, also showed catalytic activity for
the reaction (entries 13—15), but they were less efficient than
PdCL,(MeCN),. To our delight, the difunctionalization reaction
of acrylamide 1a was amenable to gram scale (entry 16).
Having determined the optimal reaction condltlons for the
assembly of quaternary stereocenter 3aa in good yield,” we next
investigated the scope of this Pd-catalyzed difunctionalization
protocol with respect to N-(arylsulfonyl)acrylamides 1 (Figure 1
and Scheme 2) and a-carbonyl alkyl bromides 2 (Figure 2). As
shown in Figure 1, a range of N-(arylsulfonyl)methacrylamides

837

\\ L PdCIz(MECN]Q
; E, Cu[OAc}z
(j} A R' OEt DMA, 100 "c
Nz, 12h
(o} P [0} o} (o] o}
h Ph
\wa Y T
Ph Ph H o pp
3ba, 72% 3ca, 57% 3da, trace

o] o]
O\ R =MeO, 3ea, 85%
OEtR = CI, 3fa, 76% N OE1

3ga, 81%
OEt R3 Me, 3ia, 87%
=Me0O, 3ja, 84%
=Cl, 3ka, B0%

Br Ph
3ha, 58%
o
Ph.
N
H o}
L N OE
H
270G
NO, NO; —
3la, 50% 3ma, 53% 3na, 90%

Figure 1. Variation of the N-aryl-N-(arylsulfonyl)acrylamides (1).
Reaction conditions: 1 (0.3 mmol), 2a (0.6 mmol), PdCL,(CN), (10
mol %), Cu(OAc),-H,0 (0.6 mmol), and DMA (2 mL) at 100 °C under
N, atmosphere for 12 h.

Scheme 2. Variation of the N-Alkyl-N-
(arylsulfonyl)acrylamides (1)
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Figure 2. Variation of the a-carbonyl alkyl bromides (2). Reaction
conditions: 1a (0.3 mmol), 2 (0.6 mmol), PdCL,(CN), (10 mol %),
Cu(OAc),-H,0 (0.6 mmol), and DMA (2 mL) at 100 °C under N,
atmosphere for 12 h. The dr value is given in parentheses determined by
"H NMR analysis of the crude product 3. “For 24 h.

DOI: 10.1021/01503660a
Org. Lett. 2015, 17, 836—839



Organic Letters

(1) bearing different substitution patterns were first examined in
the presence of alkyl bromide 2a, PdCl,(MeCN), ,and
Cu(OAc),. Acrylamide 1b, having a Ph group at the 2-position
of the acrylamide moiety, successfully delivered diphenyl-
substituted quaternary stereocenter 3ba in 72% yield. Acrylamide
1c, a monosubstituted alkene, was also a viable substrate for
building 3ca in 57% yield. However, an unactivated allylamine 1d
had no reactivity for the reaction (3da). A series of substituted
aryl groups, including 4-MeOC¢H,, 4-CIC,H,, 3-MeC¢H,, and
2-BrC¢H,, on the nitrogen atom were compatible with the
optimal conditions, although the substitution position has a
strong influence on the yield. For example, N-4-CICsH,-
substituted acrylamide 1f was converted into 3fa in 76% yield,
whereas N-2-BrC H,-substituted acrylamide 1h furnished 3ha in
only 58% yield. Screening on the substitution effect of the N-
(arylsulfonyl) moiety revealed that several substituents, such as
Me, MeQ, Cl, and NO,, on the aromatic ring were well-tolerated,
giving 3ia—ma in moderate to excellent yields. Additionally, the
electronic properties of the substituents affected the reaction, and
the reactivity order is as follow: electron-donating groups (Me or
MeO) > electron-withdrawing groups (Cl or NO,). It is
noteworthy that halide motifs are accommodated by the optimal
conditions and provide further opportunities for additional
modifications of the quaternary stereocenter (3fa, 3ha, and 3ka).
Gratifyingly, acrylamide In with a N-(thiophene-2-ylsulfonyl)
group also had high reactivity to form 3na in 90% yield.

As shown in Scheme 2, acrylamides lo—r, bearing an alkyl
group on the nitrogen atom, offered cyclic quaternary stereo-
centers (oxindoles) 40a—ra, not the desired acyclic quaternary
stereocenters. For example, N-methyl-substituted acrylamide 1o
underwent the reaction with alkyl bromide 2a, PdCl,(MeCN),,
and Ag,CO; smoothly, providing 40a in 73% yield. However,
using Cu(OAc), instead of Ag,CO; decreased the yield to 10%.
The other N-Me-substituted acrylamides 1p and 1q successfully
delivered 4pa and 4qa in 76% and 30% yields, respectively. The
regioselectivity of 4pa and 4qa suggests that the addition of aryl
group across alkene selectively occurs at the ipso-carbon atom of
the aryl C(sp>)—S bond. Interestingly, acrylamide 1r with a N-Bn
group is suitable for assembling 4ra in 68% yield.

We next apply the optimal conditions for the reaction of
acrylamide la with various a-carbonyl alkyl bromides 2b—n
(Figure 2). Bromides 2b and 2c with a N-p-methylbenzyl or a N-
tert-butyl group were effective substrates for building 3ab and 3ac
in 63% and 92% yields, respectively. It should be noted that the
optimal conditions are feasible with ethyl 2-bromo-2,2-
difluoroacetate (2d) leading to a difluoro-containing quaternary
stereocenter 3ad, albeit giving a lower yield. Using diethyl 2-
bromo-2-methylmalonate (2e), product 3ae was successfully
constructed in 55% yield. Gratifyingly, the optimal conditions
were applicable to diverse secondary a-carbonyl alkyl bromides,
including ester 2f, amides 2g—j, and ketone 2k, and primary
bromide 21 (3af—al) However, bromo(nitro)methane (2m) and
bromodifluoromethane (2n) had no reactivity (3am and 3an).

To understand the mechanism of the current protocol, a
mixture of acrylamides le and 1i was employed to react with
bromide 2a (eq 1): no crossover products 3aa and 3eia were
observed, implying that the reaction occurs via an intramolecular
aryl-migration process.

Consequently, the possible mechanisms outlined in Scheme 3
were proposed.”**® Initially, insertion of the active Pd'L,
species into the C—Br bond of 2a affords intermediate A,
followed by addition across alkene 1 produces intermediate B.*™*
ipso-Cyclization of intermediate B occurs to give a spiro-

838

0\\ p 5 N o L 0 - CO;Et
Ph,S(NJL( ‘:Iq)'L( r HOEt 3ea (83%)
R Gl R M
PdCl,(MeCN); O
Cu(OAc);, DMA  3aa (0%)
OMe 100 °C, Ny, 12 h
1e (0.15mmol)  4j (0,15 mmol) e 3eia (0%)

Scheme 3. Possible Mechanisms
- o]
o “-COqE Cu(OAc), \

N Kgpe¥ Pl \(Br / 2a OEt
H

+30; +Br PdL,

(9]
Br-F‘d>—-‘/<
A OEt o]
3 RZ=aryl RZ\N/\?

R

2 —a—
CO,Et R\N 0 O=y=0
0 3 0. Ph 1
, R?=alkyl 558 CO,Et CO,Et
R d'Bil, o,
A _pgh, SOz*HEr H N
\EiOC c\_éo:s: Pd'BrL,,
2
D
o + PdL,, B
N
4 R?

intermediate C."* Intermediate C undergoes desulfonylation to
selectively form a N—H bond or a C(sp*)—N bond, which is
affected by the N-substitution effect.* While N-aryl-substituted
intermediate C directly undergoes reductive elimination leading
to the acyclic quaternary stereocenter 3, the N-alkyl-contained
intermediate C assembles the cyclic quaternary stereocenter 4
because the nitrogen atom with an alkyl group is more
nucleophilic and constructs a N—Pd bond (intermediate D),
thus forming a C(sp>)—N bond by reductive elimination.

In summary, a new type of alkene oxidative difunctionalization
initiated by Heck insertion for the selective synthesis of acylic and
cyclic quaternary stereocenters has been developed and proceeds
by arene-migration incorporation. The method is triggered by
the Pd(II)-catalyzed oxidative Heck-type coupling between
alkenes and challenging secondary/tertiary a-carbonyl alkyl
bromides with subsequent 1,4-aryl migration and desulfonyla-
tion, which is amenable to a range of functional groups with good
levels of chemoselectivity control.

B ASSOCIATED CONTENT
© Supporting Information

Descriptions of experimental procedures for compounds and
analytical characterization. This material is available free of
charge via the Internet at http://pubs.acs.org.

B AUTHOR INFORMATION
Corresponding Author
*E-mail: jhli@hnu.edu.cn.
Notes

The authors declare no competing financial interest.

B ACKNOWLEDGMENTS

We thank the Natural Science Foundation of China (Nos.
21172060 and 21472039), Specialized Research Fund for the
Doctoral Program of Higher Education (No. 20120161110041),
and Hunan Provincial Natural Science Foundation of China (No.
13]J2018) for financial support.

DOI: 10.1021/01503660a
Org. Lett. 2015, 17, 836—839



Organic Letters

B REFERENCES

(1) (a) Martin, S. F. Tetrahedron 1980, 36, 419. (b) Fuji, K. Chem. Rev.
1993, 93,2037. (c) Corey, E.].; Guzman-Perez, A. Angew. Chem,, Int. Ed.
1998, 37, 388. (d) Christoffers, J.; Mann, A. Angew. Chem., Int. Ed. 2001,
40, 4591. (e) Christoffers, J.; Baro, A. Angew. Chem,, Int. Ed. 2003, 42,
1688. (f) Christoffers, J.; Baro, A. Quaternary Stereocenters: Challenges
and Solutions for Organic Synthesis; Wiley-VCH: Weinheim, 2005.
(g) Trost, B. M.; Jiang, C. Synthesis 2006, 369. (h) Steven, A.; Overman,
L. E. Angew. Chem,, Int. Ed. 2007, 46, 5488. (i) Cozzi, P. G.; Hilgraf, R;
Zimmermann, N. Eur. J. Org. Chem. 2007, 72, 5969. (j) Bella, M;
Gasperi, T. Synthesis 2009, 1583. (k) Wang, B.; Tu, Y.-Q. Acc. Chem. Res.
2011, 44, 1207. (1) Shimizu, M. Angew. Chem., Int. Ed. 2011, 50, 5998.

(2) (a) Beccalli, E. M.; Broggini, G.; Gazzola, S.; Mazza, A. Org. Biomol.
Chem. 2014, 12,6767. (b) Shimizu, Y.; Kanai, M. Tetrahedron Lett. 2014,
§5,3727. (c) Romero, M. R.; Woeste, T. H.; Muniz, K. Chem.— Asian .
2014, 9, 972. (d) Egami, H.; Sodeoka, M. Angew. Chem., Int. Ed. 2014,
53, 8294.

(3) For representative papers, see: (a) Jaegli, S.; Dufour, J.; Wei, H.-;
Piou, T.; Duan, X.-H,; Vors, J.-P.; Neuville, L.; Zhu, J. Org. Lett. 2010, 12,
4498. (b) Wei, H; Piou, T.; Dufour, J.; Neuville, L.; Zhu, J. Org. Lett.
2011, 13, 2244. (c) Wy, T.; My, X;; Liu, G.-S. Angew. Chem,, Int. Ed.
2011, 50, 12578. (d) Mu, X.; Wy, T.; Wang, H.-Y.; Guo, Y.-L,; Liu, G.-S.
J. Am. Chem. Soc. 2012, 134, 878. (e) Wu, T;; Zhang, H,; Liu, G.-S.
Tetrahedron 2012, 68, 5229. (f) Piou, T.; Neuville, L.; Zhu, J. Angew.
Chem.,, Int. Ed. 2012, 51, 11561. (g) Wei, W.-T.; Zhou, M.-B.; Fan, J.-H,;
Liu, W,; Song, R.-J.; Liu, Y.; Hu, M,; Xie, P.; Li, J.-H. Angew. Chem., Int.
Ed. 2013, 52,3638. (h) Zhou, M.-B,; Song, R.-J.; Ouyang, X.-H.; Liu, Y;
Wei, W.-T.; Deng, G.-B.; Li, J.-H. Chem. Sci. 2013, 4, 2690. (i) Zhou, M.-
B; Wang, C.-Y,; Song, R-J; Liu, Y,; Wei, W.-T,; Li, J.-H. Chem.
Commun. 2013, 49, 10817. (]) Egami, H.; Shimizu, R.; Kawamura, S.;
Sodeoka, M. Angew. Chem., Int. Ed. 2013, 52, 4000. (k) Li, Y.-M.; Sun,
M.,; Wang, H.-L.; Tian, Q.-P.; Yang, S.-D. Angew. Chem., Int. Ed. 2013,
52,3972. (1) Wei, X.-H.; Li, Y.-M.; Zhou, A.-X,; Yang, T.-T.; Yang, S.-D.
Org. Lett. 2013, 15,4158. (m) Li, Y.-M.; Wei, X.-H.; Li, X. A.; Yang, S.-D.
Chem. Commun. 2013, 49, 11701. (n) Matcha, K; Narayan, R;
Antonchick, A. P. Angew. Chem,, Int. Ed. 2013, 52, 798S. (0) Meng, Y.;
Guo, L.-N,; Wang, H,; Duan, X.-H. Chem. Commun. 2013, 49, 7540.
(p) Zhou, S.-L.; Guo, L.-N.; Wang, H.; Duan, X.-H. Chem.—Eur. ].
2013, 19, 12970. (q) Li, Z.; Zhang, Y.; Zhang, L.; Liu, Z.-Q. Org. Lett.
2014, 16, 382. (r) Zhang, L.; Li, Z; Liu, Z.-Q. Org. Lett. 2014, 16, 3688.
(s) Shen, T.; Yuan, Y. Z; Jiao, N. Chem. Commun. 2014, S0, 554.
(t) Shen, T.; Yuan, Y.; Song, S.; Jiao, N. Chem. Commun. 2014, 50, 4115.
(u) Zhou, B,; Hou, W,; Yang, Y.; Feng, H; Li, Y. Org. Lett. 2014, 16,
1322. (v) Wei, W.; Wen, J.; Yang, D,; Liu, X.; Guo, M,; Dong, R.; Wang,
H. J. Org. Chem. 2014, 79, 4225.

(4) (a) Kong, W.; Casimiro, M.; Merino, E.; Nevado, C. J. Am. Chem.
Soc. 2013, 135, 14480. (b) Kong, W,; Casimiro, M.; Fuentes, N.;
Merino, E,; Nevado, C. Angew. Chem., Int. Ed. 2013, 52, 13086.
(c) Kong, W.; Merino, E.; Nevado, C. Angew. Chem., Int. Ed. 2014, 53,
5078. (d) Fuentes, N.; Kong, W.; Fernandez-Sanchez, L.; Merino, E;
Nevado, C. J. Am. Chem. Soc. 20185, 137, 964.

(5) For selected reviews and papers, see: (a) Nicolaou, K. C;
Edmonds, D. J.; Bulger, P. G. Angew. Chem,, Int. Ed. 2006, 45, 7134.
(b) Chemler, S. R; Fuller, P. H. Chem. Soc. Rev. 2007, 36, 1153.
(c) Wolfe, J. P. Synlett 2008, 2913. (d) Sugihara, T.; Coperet, C;
Owczarczyk, Z.; Harring, L. S.; Negishi, E.-i. J. Am. Chem. Soc. 1994, 116,
7923. (e) Artman, G. D., III; Weinreb, S. M. Org. Lett. 2003, S, 1523.
(f) Schweizer, S.; Song, Z.-Z.; Meyer, F. E.; Parsons, P. J.; de Meijere, A.
Angew. Chem., Int. Ed. 1999, 38, 1452. (g) Tietze, L. F.; Kahle, K;
Raschke, T. Chem.—Eur. J. 2002, 8, 401. (h) Liao, L.; Jana, R.; Urkalan,
K. B,; Sigman, M. S. J. Am. Chem. Soc. 2011, 133, 5784. (i) Saini, V;
Sigman, M. S. J. Am. Chem. Soc. 2012, 134, 11372. (j) Saini, V.; Liao, L.;
Wang, Q.; Jana, R; Sigman, M. S. Org. Lett. 2013, 15, 5008.
(k) McCammant, M. S; Liao, L.; Sigman, M. S. J. Am. Chem. Soc.
2013, 135, 4167.

(6) Fan, J.-H.; Wei, W.-T.; Zhou, M.-B,; Song, R.-J.; Li, J.-H. Angew.
Chem., Int. Ed. 2014, 53, 6650.

(7) () Heck, R. F. J. Am. Chem. Soc. 1968, 90, 5538. (b) Kalyani, D.;
Sanford, M. S. J. Am. Chem. Soc. 2008, 130, 2150. (c) Kalyani, D.;

839

Satterfield, A. D.; Sanford, M. S. J. Am. Chem. Soc. 2010, 132, 8419.
(d) Tamaru, Y.; Hojo, M.; Higashimura, H.; Yoshida, Z. Angew. Chem.,,
Int. Ed. Engl. 1986, 25, 73S. (e) Rodriguez, A.,; Moran, W. J. Eur. . Org.
Chem. 2009, 1313. (f) Satterfield, A. D.; Kubota, A.; Sanford, M. S. Org.
Lett. 2011, 13,1076. (g) Zhu, C.; Falck, J. R. Angew. Chem., Int. Ed. 2011,
50, 6626. (h) Tamaru, Y.; Hojo, M.; Kawamura, S.; Yoshida, Z. J. Org.
Chem. 1986, 51, 4089. (i) Urkalan, K. B.; Sigman, M. S. Angew. Chem,,
Int. Ed. 2009, 48, 3146. (j) Werner, E. W.; Urkalan, K. B.; Sigman, M. S.
Org. Lett. 2010, 12, 2848.

(8) For reviews on the Pd-catalyzed Heck coupling with alkyl halides:
(a) Frisch, A. C.; Beller, M. Angew. Chem., Int. Ed. 2005, 44, 674.
(b) Oestreich, M. The Mizoroki—Heck reaction; Wiley: Hoboken, NJ,
2008. (c) Rudolph, A; Lautens, M. Angew. Chem,, Int. Ed. 2009, 48,
2656. For representative papers, see: (d) Mori, M.; Oda, L; Ban, Y.
Tetrahedron Lett. 1982, 23, 5315. (e) Wu, G. Z.; Lamaty, F.; Negishi, E. J.
Org. Chem. 1989, 54,2507. (f) Pan, Y.; Zhang, Z.; Hu, H. Synthesis 1995,
24S. (g) Wang, L.; Pan, Y,; Jiang, X.; Hu, H. Tetrahedron Lett. 2000, 41,
725S. (h) Glorius, F. Tetrahedron Lett. 2003, 44, 5751. (i) Firmansjah, L.;
Fu, G. C. J. Am. Chem. Soc. 2007, 129, 11340. (j) Bloome, K. S,;
McMabhen, R. L.; Alexanian, E. J. J. Am. Chem. Soc. 2011, 133, 20146.
(k) McMahon, C. M.; Alexanian, E. J. Angew. Chem.,, Int. Ed. 2014, 53,
5974.

(9) The detailed data of the optimal conditions (Table S1) are
summarized in the Supporting Information.

DOI: 10.1021/01503660a
Org. Lett. 2015, 17, 836—839



