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A range of arylgold compounds have been synthesized and investigated as single-component catalysts for the hydrophenoxylation

of unactivated internal alkynes. Both carbene and phosphine-ligated compounds were screened as part of this work, and the most

efficient catalysts contained either JohnPhos or IPr/SIPr. Phenols bearing either electron-withdrawing or electron-donating groups

were efficiently added using these catalysts. No silver salts, acids, or solvents were needed for the catalysis, and either microwave

or conventional heating afforded moderate to excellent yields of the vinyl ethers.

Introduction

The use of gold compounds to promote hydroelementation reac-
tions has grown tremendously over the past few years [1-5].
Using this approach, a host of different organic substrates have
been successfully functionalized. Despite the intense interest in
this chemistry the addition of phenols to internal alkenes has
rarely been investigated [1,5]. Recently, Sahoo reported the
hydrophenoxylation of alkynes using a multicomponent cata-
lyst comprised of AuCls, JohnPhos as the supporting ligand,
and various silver/potassium salts as promoters [1]. He found

that moderate to excellent yields of the vinyl ethers could be

obtained upon heating the reaction mixtures (dichloromethane
or THF solutions) to 100 °C for 24—-146 hours. Given the
current interest in the synthetic community regarding the devel-
opment of sustainable transformations [6-10] that are practical
and operationally straightforward, we decided to attempt to
generate the active gold species in situ from a single-compo-
nent precursor. Furthermore, one of the current goals of devel-
oping sustainable and “greener” organic reactions is focused on
the elimination of solvents and additives from the synthetic

methodology [10]. Thus, the design of gold catalyzed reactions
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that proceed under solvent-free conditions and without the addi-
tion of silver salts or acidic promoters would be of interest to

those charged with designing sustainable organic reactions.

From the standpoint of the gold catalyst, there are several ways
to generate an active species. One of the first reports on this
type of catalysis entailed the use of strong acids to remove the
methyl group from a methylgold compound and generate a
(LAu™) species that promoted the addition reaction [11]. Addi-
tionally, these cationic gold species can be generated through
the reaction of chlorogold compounds with silver salts [1-4].
Recently, there has been growing interest in developing
approaches that generate a catalytically active species under
acid-free and silver-free conditions [12,13]. To this end, we
have synthesized and investigated a series of arylgold com-
pounds as single-component catalysts for hydroelementation

reactions under acid, silver, and solvent-free conditions.

We recently reported the synthesis of arylgold compounds using
a focused microwave reactor (Scheme 1) [14]. Although
microwave-assisted reactions are legion in organic chemistry,
they are rare in organometallic synthesis [15-21]. Our initial
report on this chemistry was focused on gold compounds
bearing Buchwald-type phosphine ligands such as JohnPhos
and -BuXPhos. These bulky ligands were selected since they
were found to inhibit dynamic phosphine exchange between
gold complexes [22]. The chemistry was operationally straight-
forward, and simply heating the reagents in the microwave for
20-30 minutes afforded high yields of the arylgold compounds.
In this report, we extend the chemistry to the synthesis of aryl-
gold compounds containing carbene ligands.

Results and Discussion

The synthesis of the carbene-ligated arylgold compounds was
accomplished using (NHC)AuCl (NHC = IMes, SIMes, IPr,
SIPr) precursors. For the initial screening runs, (IMes)AuCl and
4-tert-butylphenylboronic acid were chosen as representative
substrates. The same protocol that was successful for the syn-

thesis of arylgold compounds from (JohnPhos)AuCl or

oy
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(#-BuXPhos)AuCl afforded incomplete conversion and the for-
mation of an intractable mixture of gold compounds when
(IMes)AuCl was used. After some experimentation with the
reaction conditions and different mineral bases, the key issue
appeared to be the use of THF as the solvent. Changing from
THF to iPrOH afforded high yields of (IMes)Au(CgHyt-Bu)
after heating at 50 °C for 20 minutes. Once a successful
protocol was determined for the model system, the chemistry
was extended to other (NHC)AuCl compounds (Figure 1). It
was anticipated that incorporating electron-donating groups into
the aryl fragments on the gold would facilitate the cleavage of
the organic group from the gold center through protodeauration;
thus, —CgHy#-Bu and -CgH4OMe were selected as substituents.
In general, the use of 4-tert-butylphenylboronic acid gave
higher yields of the arylgold compounds than 4-methoxy-
phenylboronic acid. Once isolated by column chromatography
(basic alumina), the arylgold compounds were relatively stable
white solids. The IMes and SIMes examples (4—6) were the
least stable of the group, and although no decomposition was
noted when stored in the solid state under nitrogen (6 months)
they begin to decompose within 24 hours in solution (THF). In
contrast, the IPr and SIPr examples were quite stable in both
solution and the solid state.

Once the arylgold compounds were isolated, the efficacy of
both phosphine and carbene-ligated species in hydrophenoxyla-
tion reactions was investigated (Table 1). For these screening
reactions, 4-nitrophenol, diphenylacetylene, and 5-decyne
served as representative substrates. These alkynes were selected
since unactivated internal alkynes remain some of the most
challenging substrates to functionalize through hydroelementa-
tion reactions. Initially, we selected compound 1 as the gold
catalyst and used a focused microwave reactor to heat the reac-
tions. After some experimentation, we discovered that heating
the phenol and alkyne with gold catalyst in the absence of
solvent to 130 °C for 20 minutes generated excellent yields of
the vinyl ethers. Control reactions revealed that the arylgold
compound was essential to the success of the reaction as its
removal lead to quantitative recovery of starting materials. The

o

R

»

R —
P—Au—ClI THF, Cs,CO4 P—Au@RI
7( )V MWI 7(
R=H, iPr R' = alkyl, aryl

Scheme 1: Microwave assisted synthesis of arylgold compounds.
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Figure 1: Synthesis of arylgold compounds?P. 2Chlorogold precursor (0.32—0.37 mmol), 2 equiv arylboronic acid, 2 equiv Cs,CO3, 50 °C, 20 min,
iPrOH (1.5 mL), microwave irradiation. Plsolated yields. °THF was used as the solvent.

Table 1: Hydrophenoxylation of unactivated internal alkynes.2 Table 1: Hydrophenoxylation of unactivated internal alkynes.?
(continued)

HOONOz 14

6 64 45
15 7 86 92
R_— R L—Au-Ar R>:<O—< :>—N02 It 8 59 o
130 ﬂ|\(/3|v5|0 min H R 17 9 % o
no acid 18 1 Conventional heating 95 93
n%sllsvoehr/:ﬁ{ts @Diphenylacetylene or 5-decyne (0.28 mmol), 4-nitrophenol
(0.56 mmol), catalyst (14.0 ymol, 5%), 130 °C, 20 min, no solvent,
Conv.b mis:rowave irrgdiation. bBased upon 'H NMR spectroscopy using
Entry Gold catalyst R = P.h Bu anisole as an internal standard.
1 None 0 0
2 (JohnPhos)AuCl 0 0
3 (+BuXPhos)AuCI 0 0 generation of the active gold catalyst in these reactions is
4 (IMes)AuCI 0 0 proposed to occur through a protodeauration reaction between
5 (SIMes)AuCI 0 0 the arylgold compounds and the phenols. The observation of
6 (IPr)AuClI 0 0 tert-butylbenzene in the reaction mixture supports this proposal.
7 (SIPr)AuCl 0 0 Furthermore, to probe whether or not simple chlorogold-coordi-
8 1 98 95 nation compounds could promote this reaction, JohnPhosAuCl
9 2 62 48 and other gold compounds were investigated under the same
10 2 + t-BuXPhos 79 60 reaction conditions (Table 1, entries 2—7). In all cases, the
1; i Z ;g chlorogold compounds were unable to catalyze the addition
13 5 63 48 reaction and analysis of the crude reaction mixtures revealed

only starting materials. Conventional heating was also investi-
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gated during the screening phase of the project. Plunging a
reactor vial containing 1, 4-nitrophenol, and either internal
alkyne into a preheated oil bath (130 °C, 20 min) followed by
rapid cooling also afforded high yields of the vinyl ethers
(Table 1, entry 18).

The effectiveness of different gold catalysts on the addition
reaction was also studied (Table 1). While 1 was effective at
promoting the addition reaction, an arylgold compound bearing
a bulkier Buchwald ligand (2) afforded lower yields of the vinyl
ether. Adding an additional equivalent of +~-BuXPhos increased
the yield slightly; however, 1 was still a superior catalyst.
Increasing the electron-donating ability of the substituent on the
aromatic group attached to the gold center in the ~-BuXPhos
based catalyst 3 slightly increased the yield of the vinyl ether.

To investigate the effectiveness of carbene-ligated gold com-
pounds on the addition reaction, catalysts 4-9 were screened
(Table 1). When IMes or SIMes based catalysts 4, 5, or 6 were
used, lower yields of the vinyl ethers were observed. Exam-
ining the reaction vessels when 4, 5, and 6 were used revealed
the formation of a significant amount of metallic gold. These
metallic deposits were not observed when using phosphine
ligated gold compounds 1-3. This observed decomposition/
reduction to elemental gold could be a rationale for the lower

1or7
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conversions observed with these catalysts. Furthermore,
changing to conventional heating did not prevent the decompo-
sition of 4, 5, and 6 during the addition reaction. In contrast, the
complexes bearing IPr and SIPr carbene ligands 7-9 afforded
high yields of the vinyl ethers. Examination of the reaction
vessels from these reactions did not reveal the formation of
metallic gold. There was little difference between the saturated
(SIPr) and unsaturated (IPr) carbene ligands, and there was only
slight difference between catalysts bearing —C¢H4#-Bu and
—CgH40Me aryl groups (8,9).

Building on the results from the screening reactions, the scope
of the hydrophenoxylation reaction was investigated using a
range of phenols with diphenylacetylene and 5-decyne serving
as representative internal alkynes (Figure 2). Microwave and
conventional heating were used in these reactions. Based upon
the initial studies, the phosphine ligated catalyst 1, as well as
NHC ligated catalysts 7-9 afforded high yields of the vinyl
ethers. After a bit of experimentation, it was observed that 1
afforded the highest conversions in microwave-assisted reac-
tions, while 7 generated the highest yields in conventionally
heated reactions. The addition reaction was tolerant of both
electron-withdrawing and electron-donating groups, and the
ortho-substituted substrate 2-nitrophenol was also successfully
used in the addition reactions. The resulting vinyl ethers were

microwave or

conventional

heating

130 °C, 20-30 min

ON
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Figure 2: Hydrophenoxylation of alkynes®:P. 2Alkyne (0.28 mmol), phenol (0.56 mmol), 130 °C, 20 min, no solvent. Plsolated yields. “Microwave
heating with 1 as the catalyst (14.0 pmol, 5%). 9Conventional heating with 7 as the catalyst (14.0 pmol, 5%).
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purified by column chromatography and isolated as powders or
viscous oils.

The regioselectivity of the addition reaction was investigated
using 1-phenyl-1-hexyne as a representative unsymmetrical
alkyne, 4-nitrophenol as the model phenol, and 1 and 7 as cata-
lysts. As shown in Scheme 2, both catalysts generated the addi-
tion product in excellent yields. Catalyst 1 gave a slightly
higher yield of the addition product, but 7 was more selective.
The regioselectivity of the reaction using our arylgold precata-
lysts is the opposite of what Sahoo found using his catalyst
system [1] and is similar to the regioselectivity found by Nolan
using his hydroxide bridged precatalysts [5].

Conclusion

In summary, we have synthesized several carbene-ligated aryl-
gold compounds and investigated the efficacy of both phos-
phine and carbene-based gold catalysts towards the hydrophe-
noxylation of unactivated internal alkynes. Using these single
component catalysts, a range of phenols have been successfully
added to unactivated internal alkynes. No silver salts, acids, or
solvents were needed for the catalysis, and either microwave or
conventional heating and afforded moderate to excellent yields
of the vinyl ethers.

Experimental

General considerations: Unless specified, all solvents were
dried using a Grubbs-type solvent purification system. (John-
Phos)AuCl and (+-BuXPhos)AuCl, were prepared by displace-
ment of dimethyl sulfide from Me;SAuCl by JohnPhos or
t-BuXPhos [23,24]. The (NHC)AuCl (NHC = SIMes, IMes,
SIPr, IPr) [19,25] precursors as well as arylgold compounds 1-3
[14] were prepared following literature procedures. The aryl-
boronic acids, alkynes, phenols, and Cs;CO3 (powder) were
obtained from Aldrich and used as received. NMR spectra were
collected on a Varian DirectDrive 600 MHz NMR spectrom-
eter ('H: 599.77 MHz and '3C: 150.81 MHz) 'H and '3C{'H}

os o
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chemical shifts were determined by reference to residual non-
deuterated solvent resonances. The alkene geometry was deter-
mined using '"H-'H NOESY experiments. All coupling
constants are listed in Hertz. Microwave-assisted reactions were
carried out in sealed vessels using a CEM Discover equipped
with an external IR (surface) temperature sensor. The
PowerMax setting on the Discover was off. Conventionally
heated reactions were carried out in an oil bath. HRMS data
were obtained on a Thermo Scientific Exactive Plus LC-MS
system (ESI).

General method for the arylation reactions: general proce-
dure A: For a typical reaction, (NHC)AuCl, 2 equiv of the aryl-
boronic acid, 2 equiv of Cs,CO3, and a magnetic stirring bar
were added to a 10 mL reactor vial. After exchanging the air for
nitrogen, isopropanol was added by syringe, the mixtures were
triturated on a stirring plate for 3 minutes, and irradiated. The
following settings were used for each experiment: Temperature
=50 °C, time = 20 min, initial power level =25 W. The initial
power setting listed for each reaction was maintained until the
desired temperature was reached. The power was then reduced
for the remainder of the reaction to maintain the temperature.
The reaction time listed is the total irradiation time (no ramping
periods). Note: High initial high levels of microwave power (to
rapidly heat the sample) lead to significant decomposition (gold
metal). After cooling to room temperature, the volatiles were
removed, and the title compounds were purified by column
chromatography (basic alumina). The arylgold compounds were
dissolved in CH,Cl, and dried over molecular sieves. After
filtration, they were dried under vacuum to afford white
powders.

Preparation of (IMes)Au(4-C¢Hy2-Bu) (4): General proce-
dure A was followed with (IMes)AuCl (0.20 g, 0.37 mmol),
4-tert-butylphenylboronic acid (0.135 g, 0.76 mmol), cesium
carbonate (0.24 g, 0.74 mmol), and isopropanol (1.5 mL). Chro-
matography: basic alumina (37.5 g), gradient hexane/THF

O~
\ Bu

23a

=

1or7
catalyst conv. 23a/23b
1 98% 41/59
7 85% 33/67

Scheme 2: Regioselectivity of the addition reaction using arylgold precatalysts. Alkyne (0.28 mmol), phenol (0.56 mmol), 130 °C, 20 min, no solvent.
Microwave heating with 1 or 7 as the catalyst (14.0 umol, 5%). The yield of the addition product and ratio of regioisomers was determined by "H NMR

spectroscopy using anisole as an internal standard.
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(90:10-50:50), R 0.60 (hexane/THF 50:50), yield =0.18 g of a
white powder (76.1%). HRMS: [M + Na]* caled for
C31H37AuN,Na, 657.2520; found, 657.2509. Spectral data:
TH NMR (CDCls, 25 °C) § 7.07 (s, 4H, Ar-H), 7.04 (s, 2H,
=CH), 6.98 (br s, 4H, Ar-H), 2.34 (s, 6H, -Me), 2.16 (s, 12H,
-Me), 1.19 (s, 9H, -Me); 13C{!H} NMR (CDCls, 25 °C) & 196.0
(s, carbene C), 165.4 (s, quat), 146.6 (s, quat), 139.9 (s, Ar-CH),
139.0 (s, quat), 135.4 (s, quat), 134.9 (s, quat), 129.2 (s,
Ar-CH), 123.6 (s, Ar-CH), 121.7 (s, =CH), 34.0 (s, quat), 31.4
(s, -CMej3), 21.1 (s, -Me), 18.0 (s, -Me).

General method for the catalyst screening reactions:
microwave and conventional heating: general procedure B:
A reactor vial (10 mL) was charged with the LAuAr species
(1-9, 0.014 mmol), alkyne (0.28 mmol), phenol (0.56 mmol),
and a magnetic stirring bar. After exchanging the air for
nitrogen, the samples were irradiated in a focused microwave
reactor or heated in an oil bath. For the reactions carried out in
the microwave reactor, the initial power setting listed for each
reaction was maintained until the desired temperature was
reached. No ramping periods were used in these reactions; thus,
the reaction time listed is the total irradiation time (not the time
at the desired temperature). After cooling, CDCl3 was added to
the reaction mixtures until homogeneous solutions were
obtained (=2 mL). Anisole (internal standard, 0.28 mmol) was
added to the solutions and the extent of each reaction was deter-

mined by 'H NMR spectroscopy.

Isolation of the vinyl ethers: The synthesis of the vinyl ethers
was carried out following the same general procedure from the
catalyst screening reactions using either 1 or 7 as the catalyst.
Once cooled, the vinyl ethers were purified by column chroma-
tography, dried using molecular sieves (hexane/EtOAc
solution), and isolated as oils or powders following removal of
the volatiles.

Preparation of 4-[[(1Z)-1-butyl-1-hexen-1-yl]oxy]nitroben-
zene (16): General procedure B was followed (microwave
heating) with 1 (0.0088 g, 0.014 mmol), 5-decyne (50.6 pL,
0.28 mmol), and 4-nitrophenol (0.078 g, 0.56 mmol). Tempera-
ture = 130 °C, time = 20 min, initial power level = 50 W. Chro-
matography: silica gel (19.1 g), gradient hexane/EtOAc
(100:0-60:40). R¢ 0.67 (hexane/EtOAc 95:5), yield = 0.068 g of
a colorless oil (87%). HRMS: [M + H]" calcd for C;cH24NO3,
278.1758; found, 278.1748. Spectral data: 'H NMR (CDCl3,
25 °C) 4 8.19 (AA'BB', 2H, Ar-H), 6.99 (AA'BB', 2H, Ar-H),
512 (t,J=17.2, 1H,=CH-), 2.15 (t, J= 7.8, 2H, -CH>-), 1.93 (q,
J=1.2,2H, -CH,-), 1.47 (m, 2H, -CH;-), 1.34-1.25 (m, 6H,
-CH;-), 0.89 (t, J = 7.2, 3H, -Me), 0.84 (t, J = 6.8, 3H, -Me);
BC{H} NMR (CDClj, 25 °C) 5 162.3 (s, quat), 150.0 (s,
quat), 141.9 (s, quat), 126.0 (s, Ar-CH), 117.5 (s, =CH-), 115.5

Beilstein J. Org. Chem. 2013, 9, 2002—-2008.

(s, Ar-CH), 32.2 (s, -CHy-), 31.3 (s, -CH,-), 28.9 (s, -CHy-),
24.9 (s, -CH,-), 22.3 (s, -CH,-), 22.1 (s, -CH,-), 13.8 (s, -Me).

Supporting Information

Supporting Information File 1

Detailed synthetic procedures for the synthesis of the
arylgold compounds and vinyl ethers as well as NMR
spectra for all new compounds.
[http://www.beilstein-journals.org/bjoc/content/
supplementary/1860-5397-9-235-S1.pdf]

Acknowledgements

The authors thank the National Science Foundation for the
funds to purchase the NMR spectrometer (CHE-0521108) and
Bucknell University for an Undergraduate Research Fellowship
(E.J.M.). Acknowledgment is made to the donors of the Amer-
ican Chemical Society Petroleum Research Fund for support of
this research (51819-UR1 to R. A. S.). The authors thank
Professor David Rovnyak and Brian Breczinski for helpful
discussions on NMR spectroscopy.

References

1. Kuram, M. R.; Bhanuchandra, M.; Sahoo, A. K. J. Org. Chem. 2010,
75, 2247-2258. doi:10.1021/jo1000143

2. Li, Z.; Brouwer, C.; He, C. Chem. Rev. 2008, 108, 3239-3265.
doi:10.1021/cr068434l

3. Hashmi, A. S. K. Chem. Rev. 2007, 107, 3180-3211.
doi:10.1021/cr000436x

4. Arcadi, A. Chem. Rev. 2008, 108, 3266—3325. doi:10.1021/cr068435d

5. Oonishi, Y.; Gémez-Suarez, A.; Martin, A. R.; Nolan, S. P.

Angew. Chem. 2013, 125, 9949-9953. doi:10.1002/ange.201304182
While this manuscript was under review, the use of a hydroxide bridged
gold dimer to promote the hydrophenoxylation of alkynes was posted
online.

6. Candeias, N. R.; Branco, L. C.; Gois, P. M. P.; Afonso, C. A. M.;
Trindade, A. F. Chem. Rev. 2009, 109, 2703-2802.
doi:10.1021/cr800462w

7. Horvath, I. T.; Anastas, P. T. Chem. Rev. 2007, 107, 2167-2168.
doi:10.1021/cr0783784

8. Ranke, J.; Stolte, S.; Stérmann, R.; Arning, J.; Jastorff, B. Chem. Rev.
2007, 107, 2183-2206. doi:10.1021/cr050942s

9. Mason, B. P.; Price, K. E.; Steinbacher, J. L.; Bogdan, A. R;;
McQuade, D. T. Chem. Rev. 2007, 107, 2300-2318.
doi:10.1021/cr050944¢

10. Andraos, J. Org. Process Res. Dev. 2005, 9, 149—-163.
doi:10.1021/0p049803n

11.Teles, J. H.; Brode, S.; Chabanas, M. Angew. Chem., Int. Ed. 1998, 37,
1415-1418.
doi:10.1002/(SICI1)1521-3773(19980605)37:10<1415::AID-ANIE1415>3
.0.CO;2-N

12. Schmidbaur, H.; Schier, A. Z. Naturforsch., B 2011, 66, 329-350.

13.Leyva, A.; Corma, A. J. Org. Chem. 2009, 74, 2067—-2074.
doi:10.1021/jo802558e

2007


http://www.beilstein-journals.org/bjoc/content/supplementary/1860-5397-9-235-S1.pdf
http://www.beilstein-journals.org/bjoc/content/supplementary/1860-5397-9-235-S1.pdf
http://dx.doi.org/10.1021%2Fjo1000143
http://dx.doi.org/10.1021%2Fcr068434l
http://dx.doi.org/10.1021%2Fcr000436x
http://dx.doi.org/10.1021%2Fcr068435d
http://dx.doi.org/10.1002%2Fange.201304182
http://dx.doi.org/10.1021%2Fcr800462w
http://dx.doi.org/10.1021%2Fcr0783784
http://dx.doi.org/10.1021%2Fcr050942s
http://dx.doi.org/10.1021%2Fcr050944c
http://dx.doi.org/10.1021%2Fop049803n
http://dx.doi.org/10.1002%2F%28SICI%291521-3773%2819980605%2937%3A10%3C1415%3A%3AAID-ANIE1415%3E3.0.CO%3B2-N
http://dx.doi.org/10.1002%2F%28SICI%291521-3773%2819980605%2937%3A10%3C1415%3A%3AAID-ANIE1415%3E3.0.CO%3B2-N
http://dx.doi.org/10.1021%2Fjo802558e

14.Lenker, H. K.; Gray, T. G.; Stockland, R. A., Jr. Dalton Trans. 2012, 41,
13274-13276. doi:10.1039/C2DT32129G

15.Powell, G. L. Microwave Heating as a Tool for Inorganic and
Organometallic Synthesis. In Microwave Heating as a Tool for
Sustainable Chemistry; Leadbeater, N. E., Ed.; CRC Press: Boca
Raton, 2011; pp 175-205.

16. Gutmann, B.; Schwan, A. M.; Reichart, B.; Gspan, C.; Hofer, F.;
Kappe, C. O. Angew. Chem., Int. Ed. 2011, 50, 7636-7640.
doi:10.1002/anie.201100856

17. Winkelmann, O. H.; Navarro, O. Adv. Synth. Catal. 2010, 352,
212-214. doi:10.1002/adsc.200900749

18.Baghurst, D. R.; Michael, D.; Mingos, P.; Watson, M. J.

J. Organomet. Chem. 1989, 368, C43-C45.
doi:10.1016/0022-328X(89)85418-X

19.Landers, B.; Navarro, O. Eur. J. Inorg. Chem. 2012, 2980-2982.
doi:10.1002/ejic.201200248

20. Carlsson, M.; Eliasson, B. Organometallics 2006, 25, 5500-5502.
doi:10.1021/om060616i

21.Barnard, T. M.; Leadbeater, N. E. Chem. Commun. 2006, 3615-3616.
doi:10.1039/b608793k

22.Manbeck, G. F.; Kohler, M. C.; Porter, M. R.; Stockland, R. A., Jr.
Dalton Trans. 2011, 40, 12595-12606. doi:10.1039/C1DT11337B

23. Nieto-Oberhuber, C.; Lépez, S.; Echavarren, A. M. J. Am. Chem. Soc.
2005, 7127, 6178-6179. doi:10.1021/ja042257t

24.Hashmi, A. S. K.; Ata, F.; Haufe, P.; Rominger, F. Tetrahedron 2009,
65, 1919-1927. doi:10.1016/j.tet.2008.12.058

25.de Frémont, P.; Scott, N. M.; Stevens, E. D.; Nolan, S. P.
Organometallics 2005, 24, 2411-2418. doi:10.1021/om050111¢c

License and Terms

This is an Open Access article under the terms of the
Creative Commons Attribution License
(http://creativecommons.org/licenses/by/2.0), which

permits unrestricted use, distribution, and reproduction in

any medium, provided the original work is properly cited.

The license is subject to the Beilstein Journal of Organic
Chemistry terms and conditions:
(http://www.beilstein-journals.org/bjoc)

The definitive version of this article is the electronic one
which can be found at:
doi:10.3762/bjoc.9.235

Beilstein J. Org. Chem. 2013, 9, 2002—-2008.

2008


http://dx.doi.org/10.1039%2FC2DT32129G
http://dx.doi.org/10.1002%2Fanie.201100856
http://dx.doi.org/10.1002%2Fadsc.200900749
http://dx.doi.org/10.1016%2F0022-328X%2889%2985418-X
http://dx.doi.org/10.1002%2Fejic.201200248
http://dx.doi.org/10.1021%2Fom060616i
http://dx.doi.org/10.1039%2Fb608793k
http://dx.doi.org/10.1039%2FC1DT11337B
http://dx.doi.org/10.1021%2Fja042257t
http://dx.doi.org/10.1016%2Fj.tet.2008.12.058
http://dx.doi.org/10.1021%2Fom050111c
http://creativecommons.org/licenses/by/2.0
http://www.beilstein-journals.org/bjoc
http://dx.doi.org/10.3762%2Fbjoc.9.235

	Abstract
	Introduction
	Results and Discussion
	Conclusion
	Experimental
	Supporting Information
	Acknowledgements
	References

