Downloaded by University of York on 29 June 2012
Published on 09 November 2010 on http://pubs.rsc.org | doi:10.1039/COCC03723K

COMMUNICATION

View Online / Journal Homepage / Table of Contentsfor thisissue

www.rsc.org/chemcomm | ChemComm

Acetoxypalladation of unactivated alkynes and capture with alkenes to
give 1-acetoxy-1,3-dienes taking dioxygen as terminal oxidanty
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A new and general protocol for the synthesis of 1-acetoxy-
1,3-dienes by an acetoxypalladation/Heck cross-coupling/f-H
elimination tandem process is described in which dioxygen is the
terminal oxidant. Electron-rich and electron-deficient alkynes
are both effective substrates in this system. It is the first example
of acetoxypalladation of diarylalkynes.

Transition-metal-catalyzed tandem coupling is now recognized
to be a useful tool for constructing new carbon—carbon and
carbon-hetero bonds from simple starting materials in a
one-pot style which has undergone great development during
the past decades.! And acetoxypalladation of alkynes has been
proven to be a very important and convenient method for the
construction of both carbon-carbon and carbon-oxygen
bonds in a single step.’ Acetoxypalladation of alkynes
generates a reactive o-vinylpalladium intermediate A
(Scheme 1). However, how to capture A and how to quench
the carbon—palladium bond still remain challenging.
Moreover, in the reported systems, the initial alkynes were
often limited to alkynes and alkenes with electron-withdrawing
groups and the methods to quench the carbon—palladium
bond were often protonolysis (Scheme 1, path a) or deacetoxy-
palladation (Scheme 1, path b). However, another familiar
route to quench the carbon—palladium bond of chloropalla-
dation—B-hydride elimination has received limited attention in
the field of acetoxypalladation because it requires the existence
of oxidants. As for oxidant, dioxygen is no doubt the best
choice regardless of the source and environmental considerations
and recently has attracted more and more attention.” Based on
our interest in oxygen and carbon—carbon bond formation
from triple bonds,* we herein wish to report an intermolecular
acetoxypalladation of unactivated alkynes which were captured
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by alkenes and quenched by [-hydride elimination to
l1-acetoxy-1,3-diene taking dioxygen as the oxidant.

Diphenylethyne (1a) and butyl acrylate (2a) were chosen as
the starting materials and the catalyst, additive, oxidants and
solvent were investigated in detail (Table 1). Initially, the
reaction was carried out according to Lu’s conditions> in
which no designed product 3aa was detected (entry 1). When
taking 2 mL mixed CH3CN-AcOH (4:1) as solvent, a trace
amount of 3aa could be detected by GC-MS with the presence
of 1 equiv. Cu(OAc), as the oxidant (entry 2). Interestingly,
the yields of 3aa could be enhanced greatly by adding
0.5 equiv. LiCl or LiBr as the additives (entries 3, 4); the yield
in the case of LiBr is 69%. Further experiments showed that
different amounts of LiBr will give quite different results
(entries 4-7); the best results were obtained by using 0.4 equiv.
LiBr. Running the reaction with other bromide salts showed
KBr led to a 77% yield but no desired product 3aa was
detected with KI (entries 8 and 9). Importantly, up to 89%
yield of 3aa was obtained using Cu(OAc), (0.4 equiv.) and
dioxygen (1 atm) as co-oxidants (entry 10).> However, air can’t
play the same role as dioxygen (entry 11). When taking
dioxygen as sole oxidant, the pressure played a crucial role
(entries 12 and 13). Obviously, Pd salts could affect the yield of
the reaction (entries 14 and 15). Subsequently a set of solvents
were examined, but other cosolvents did not improve the yield
and isomers of 3aa were detected when dioxane, DMF and
toluene were used (entries 16—17).

With best conditions in hand (Table 1, entry 10), we
examined the scope of the acetoxypalladation/Heck cross-
coupling process with respect to a variety of alkynes and
alkenes (Table 2). To our knowledge, the regiochemistries of
chloropalladation and acetoxypalladation were controlled by
the electron-withdrawing properties of the substituents on the
triple bond. However, in our systems, the electron-rich alkynes
gave good yields of acetoxy-substituted 1,3-dienes in excellent
stereoselectivities with trans-acetoxypalladation providing the
expected products. Obviously, acrylates in common use within
other acetoxypalladation systems were also provided with
good activation (3aa, 3ab, 3ac, 3ad). To our delight, styrene
(2e) which is usually inert in acetoxypalladation was also
efficient in this system (3ae). As for other diarylalkynes,
different substituents on the benzene ring could not affect
the yield obviously such as 4-F, 4-Cl, 4-Me, 4-t-Bu and 3-Me
(3ed, 3dd, 3fd, 3ca, 3cf, 3gd). Interestingly, 4-octyne, easily
trimerized with Pd/Cu, also exhibited excellent activation and
selectivity (3ba, 3bf). At lower temperature, the method also
could be applied to methyl oct-2-ynoate (1h) and 2a which
means the methodology is useful for both electron-rich alkynes
and electron-deficient alkynes. When terminal alkynes like
ethynylbenzene, acetylene and propargylic alcohols were
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Table 1 Optimization of the reaction conditions for the intermole-
cular acetoxypalladation of 1,2-diphenylethyne (1a) with butyl acry-
late (2a)“

Ph Ph
Z + Acoons Lo A°O\N000n-au
Ph Additives
Oxidants Ph
1a 2a Ssg%ent 3aa
Pd Yield
Entry (10 mol%) Additive  Solvent Oxidant (%)"
1 Pd(OAc), 0.1 equiv. AcOH — 0
bpy
2 Pd(OAc), — CH;3;CN/AcOH 1 equiv. <5
“4:1 Cu(OAc),
3 Pd(OAc), 0.5 equiv. CH3;CN/AcOH 1 equiv. 37
LiCl 4:1) Cu(OAc),
4 Pd(OAc), 0.5equiv. CH3;CN/AcOH 1 equiv. 69
LiBr 4:1 Cu(OAc),
5 Pd(OAc), 1 equiv. CH;CN/AcOH 1 equiv. 65
LiBr 4:1 Cu(OAc),
6 Pd(OAc), 0.2 equiv. CH3CN/AcOH 1 equiv. 43
LiBr 4:1) Cu(OAc),
7 Pd(OAc), 0.4 equiv. CH3;CN/AcOH 1 equiv. 71
LiBr 4:1) Cu(OAc),
8 Pd(OAc), 0.4 equiv. CH3;CN/AcOH 2 equiv. 77
KBr “:1 Cu(OAc),
9 Pd(OAc), 0.4 equiv. CH3;CN/AcOH 1 equiv. 0
KI 4:1) Cu(OAc),
10 Pd(OAc), 0.4 equiv. CH3;CN/AcOH 0.4 equiv. 89
KBr :1) Cu(OAc),
1 atm 02
11 Pd(OAc), 0.4 equiv. CH3;CN/AcOH 0.4 equiv. 47
KBr 4:1) Cu(OAc),
air
12 Pd(OAc), 0.4 equiv. CH3CN/AcOH 1atmO, <5
KBr 4:1
13 Pd(OAc), 0.4 equiv. CH3CN/AcOH 8 atm O, 87¢
KBr 4:1
14 PdCl, 0.4 equiv. CH3;CN/AcOH 0.4 equiv. 23
KBr 4:1) Cu(OAc),
1 atm O,
15 — 0.4 equiv. CH3CN/AcOH 0.4 equiv. 0
KBr 4:1 Cu(OAc),
1 atm O,
16 Pd(OAc), 0.4 equiv. Dioxane/ 0.4 equiv. 687
KBr AcOH (4:1) Cu(OAc),
1 atm O,
17 Pd(OAc), 0.4 equiv. THF/AcOH 0.4 equiv. 76
KBr 4:1) Cu(OAc),
1 atm Og

“ Reactions were carried out using 1a (0.5 mmol), 2a (I mmol), [Pd]
catalyst (10 mol%), additives, oxidants and 2 mL solutions in a capped
tube, heating at 80 °C for 24 h. ® Determined by GC. ¢ The reaction
was carried out in a 15 mL autoclave. ¢ With isomers.

treated with this reaction, the systems got complicated without
any desired products.

A potential mechanism for this acetoxypalladation/Heck
cross-coupling reaction is proposed for the present reaction on
the basis of the previously reported mechanism (Scheme 2).
This transformation should come about by the unique
combination of several steps below: (1) trans-acetoxypalladation
and (E)-vinylpalladium intermediate B was formed, followed
by (2) a Heck cross-coupling with alkenes and intermediate C
was produced in this step; (3) a B-H elimination produced the
target product 3aa. Pd(i) was regenerated in the presence of
Cu(OAc), for the next cycle and the resulting Cu(i) was

Table 2 Acetoxypalladation of unactivated alkynes and capture with
alkenes to 1-acetoxy-1,3-diene"b

Pd(OAc), 10mol%
R, KBr 40mol% R,

A + R, Cu(OAc) 40mol%  AcO /
R1/ ® 0, 1atm = Ra

CH3CN/ACOH (4/4) Ry
80°C for 24 h

Ph Ph
AcO / AcO = (e}
WCOOn-Bu Z
Ph Ph (e}
3aa 86% 3ab 84%
i\ \DV\/ i\
RO O OO o
Ph (e} Ph (o]
3ac 84% 3ad 79%
Ph AcO
AcONPh =
Ph
COOn-Bu
3ae 51% 3ba 90%
AcO OAc O
= o
/
N N
o \
o n-BuOOC
3bf 94% 3ca 83%

3cf81%
F
AcO Q
= OH
() S
(o}
F O
3ed 82% 31d 83%
AcO  COOMe
n-CsHyy ==
COOn-Bu
3n"82%

3gd 70%

“ Reaction conditions: alkynes (0.5 mmol), alkenes (I mmol),
Pd(OAc), (10 mol%), KBr (40 mol%), Cu(OAc), (40 mol%) and
2 mL CH3CN/AcOH (4:1) in a capped tube with 1 atm of dioxygen,
heating at 80 °C for 24 h. ® Isolated yield. ¢ 50 °C for 24 h.

oxidized to Cu(u) by O,. According to Lu’s researches, the
halide ion played a role as ligand.”¢/
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Scheme 2 Proposed mechanism.
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Scheme 3 Synthesis of 3ag from la and 2g under standard
conditions.

The reaction of la and methyl methacrylate (2g) was
also tested under the standard conditions. Interestingly and
surprisingly, an unexpected product 3ag was obtained in good
yield. It’s easy to understand if we write down the intermediate
B1, as there exist two B-H in the structure B1, and B-H
elimination happens selectively towards the sterically less
bulky methyl C-H giving the product 3ag (Scheme 3).
This result provided an additional proof for the proposed
mechanism in Scheme 2.

In conclusion, we have developed a new and general
protocol for the synthesis of 1-acetoxy-1,3-dienes by an acetoxy-
palladation/Heck cross-coupling/B-H elimination tandem
process. A series of l-acetoxy-1,3-dienes were synthesized
from electron-rich and electron-deficient alkynes in high regio-
and stereoselectivity with high atom efficiency. Importantly,
the reaction used dioxygen as the terminal oxidant and H,O is
the only byproduct. Work to expand the scope and apply the
method to the field of natural products is currently underway.

The authors are grateful to the National Natural Science
Foundation of China (Nos. 20625205, 20772034 and
20932002), National Basic Research Program of China
(973 Program) (No. 2011CB808603) and Doctoral Fund of
Ministry of Education of China (20090172110014) for
financial support.

Notes and references

1 For selected reviews on transition-metal-catalyzed tandem coupling
see: (a) L. F. Tietze, Chem. Rev., 1996, 96, 115; (b) G. Zeni and
R. C. Larock, Chem. Rev., 2004, 104, 2285; (c¢) J. Hassan,
M. Svignon, C. Gozzi, E. Schulz and M. Lemaire, Chem. Rev.,
2002, 102, 1359; (d) J. Corbet and G. Mignani, Chem. Rev., 2006,
106, 2651; (e) C. Li, Chem. Rev., 2005, 105, 3095. For some recent
examples see: (f) S. Mannathan and C. Cheng, Chem. Commun.,
2010, 46, 1923; () K. Shibata, T. Satoh and M. Miura, Org. Lett.,
2005, 7, 1781; (h) N. Sakai, R. Komatsu, N. Uchida, R. Ikeda and
T. Konakahara, Org. Lett., 2010, 12, 1300.

2 (a) Q. Zhang and X. Lu, J. Am. Chem. Soc., 2000, 122, 7604;
(b) Z. Wang and X. Lu, J. Org. Chem., 1996, 61, 2254
(¢) K. Tanaka, S. Saitoh, H. Hara and Y. Shibata, Org. Biomol.
Chem., 2009, 7, 4817; (d) S. Tang, P. Peng, Z. Wang, B. Tang,
C. Deng, J. Li, P. Zhong and N. Wang, Org. Lett., 2008, 10, 1875;
(e) R. Tello-Aburto and A. M. Harned, Org. Lett., 2009, 11, 3998;
(f) L. Zhao and X. Lu, Org. Lett., 2002, 4, 3903; (¢) Q. Zhang, X. Lu
and X. Han, J. Org. Chem., 2001, 66, 7676; (h) W. Wu, A. Kong and
X. Lu, J. Org. Chem., 2006, 71, 3854; (i) L. Zhao, X. Luand W. Wu,
J. Org. Chem., 2005, 70, 4059; (j) Q. Zhang, W. Xu and X. Lu,
J. Org. Chem., 2005, 70, 1555; (k) L. L. Welbes, T. W. Lyons,
K. A. Cychosz and M. S. Sanford, J. Am. Chem. Soc., 2007, 129,
5836; (/) X. Tong, M. Beller and M. K. Tse, J. Am. Chem. Soc.,
2007, 129, 4906; (m) J. Song, Q. Shen, F. Xu and X. Lu,
Tetrahedron, 2007, 63, 5148; (n) C. Muthiah, M. A. Arai,
T. Shinohara, T. Arai, S. Takizwa and H. Sasai, Tetrahedron Lett.,
2003, 44, 5201; (o) T. W. Lyons and M. S. Sanford, Tetrahedron,
2009, 65, 3211; (p) L. Zhao and X. Lu, Angew. Chem., Int. Ed., 2002,
41, 4343.

3 For reviews on oxygen, see: (a) S. S. Stahl, Angew. Chem., Int. Ed.,
2004, 43, 3400; (b) T. Punniyamurthy, S. Velusamy and J. Lgbal,
Chem. Rev., 2005, 105, 2329. Selected recent palladium-catalyzed
examples, see: (¢) C. Aouf, E. Thiery, J. L. Bras and J. Muzart, Org.
Lett., 2009, 11, 4096; (d) D. Wang, M. Wasa, R. Giri and J. Yu,
J. Am. Chem. Soc., 2008, 130, 7190; (¢) G. Yin and G. Liu, Angew.
Chem., Int. Ed., 2008, 47, 5442; (/) G. Yin, Y. Wu and G. Liu, J. Am.
Chem. Soc., 2010, 132, 11978; (g) S. Ding, Z. Shi and N. Jiao, Org.
Lett., 2010, 12, 1540; (h) Y. Obora, Y. Shimizu and Y. Ishii, Org.
Lett., 2009, 11, 5058.

4 (a) J. Huang, L. Zhou and H. Jiang, Angew. Chem., Int. Ed., 2006,
45, 1945; (b) A. Wang and H. Jiang, J. Am. Chem. Soc., 2008, 130,
5030; (¢) A. Wang, H. Jiang and H. Chen, J. Am. Chem. Soc., 2009,
131, 3846; (d) A. Wang and H. Jiang, J. Org. Chem., 2010, 75, 2321;
(e) Y. Shen, H. Jiang and Z. Chen, J. Org. Chem., 2010, 75, 1321.

5 For other papers using the system of Pd(i)/Cu(i)/O,, see:
(a) W. Ren, Y. Xia, S. Ji, Y. Zhang, X. Wan and J. Zhao, Org.
Lett., 2009, 11, 1841; (b) X. Jia, D. Yang, S. Zhang and J. Cheng,
Org. Lett., 2009, 11, 4716; (¢) C. Jonasson, A. Horvath and
J. Bdckvall, J. Am. Chem. Soc., 2000, 122, 9600.

This journal is © The Royal Society of Chemistry 2011

Chem. Commun., 2011, 47, 1003-1005 | 1005


http://dx.doi.org/10.1039/c0cc03723k

