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Different arylgold(r), one alkynylgold(1), and one vinylgold(1) triphenylphosphane complexes were subjected to
electrophilic halogenation reagents. With N-chlorosuccinimid, N-bromosuccinimid, and N-iodosuccinimid as well as
the Barluenga reagent, selectively halogenated compounds were obtained. Trifluoroacetic acid, as a source of protons,
leads to a clean protodeauration. With N-fluorobenzenesulfonimide or Selectfluor, exclusively a homocoupling was
observed. For the precursor of the vinylgold(i) complex, a similar oxidative coupling could be induced by gold(i)

chloride. Reactions with silicon or tin electrophiles failed.
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Introduction

In the past decade, homogeneous gold catalysis has become a
powerful tool for organic synthesis and is still experiencing
exponential growth.!"! In addition to the innovative advances
in methodology and their increasing application in total synth-
esis,' significant insights into the mechanistic details of gold-
catalyzed reactions could be gained.”’) Detailed studies of the
elemental steps of gold catalysis will help to understand and
direct selectivity as well as to develop new reactions.*!

While in many gold-catalyzed reactions the final step is a
protodeauration,[s] the reaction with other electrophiles such
as halogen™ donors has recently become a topic t0o.!*) Even
palladium(ir) compounds were used as electrophiles.!”]

Last year we communicated a homocoupling of organogold
compounds by F' donors (Scheme 1),’® which subsequently
was extended to a unique heterocoupling of organogold inter-
mediates and boronic acids by Zhang and coworkers.') Further-
more, F™ donors as well as other oxidants have then been used
for homocoupling reactions too. !

Since F* donors and the I donors used in most of the other
examples would behave quite different, we now wanted to
systematically explore the borderline between the halogenation
and the homocoupling pathway.

Results and Discussion

We prepared six different organogold(1) triphenylphosphane
complexes 1a—1f*1 and then subjected them to different elec-
trophilic halogenation reagents, namely N-chlorosuccinimid,
N-bromosuccinimid, N-iodosuccinimid, and Barluenga’s[“]
reagent Py,I" BF, (Table 1). The conversions were monitored
by in situ 'H and '*C NMR spectrometry, and due to the
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R—X Halogenation

R—AuL _ X" donor

R—R Homocoupling

Scheme 1. Different pathways in the reaction of organogold compounds
with halogen™ donors.

detection limits for conversions which appeared to be quanti-
tative by NMR, we listed >95% in the Table 1 . The gold salts
were then separated by filtration over silica gel and the product
species were analyzed and identified by GC-MS.

With the nitro-substituted substrate 1a (entry 1), the corre-
sponding aryl halides 2aa—2ac were exclusively obtained.
However, with the unsubstituted phenylgold species 1b, a
reduced yield of only 65% of 2ba was detected for the less
reactive NCS, while the bromination and the iodination pro-
ceeded quantitatively to deliver 2bb and 2be, respectively
(entry 2). For the methoxy-substituted 1c¢ as well as for the
2-formylfuran 1d all conversions were quantitative again, 2ca—
2cc and 2da-2dc, respectively, were formed (entries 3 and 4).
The 3-formylfuran derivative 1e failed in the reaction with NCS,
2ea could not be isolated, all the other halogenations gave
excellent conversions to 2eb and 2ec (entry 5). Even the
alkynylgold complex 1f reacted smoothly with all the reagents
to obtain 2fa—2fc (entry 6). It becomes obvious that NCS is a
borderline case, the halogenation pathway with some substrates
is feasible, but the chlorination is not general. The treatment
with the bromination and iodination reagent, however, seems to
be of broad scope, exclusively delivering halogenation products.

In addition to these halogenation reagents, the protodeaura-
tion and the deuterodeauration by trifluoroacetic acid was
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Table 1. Selective halogenation of organogold compounds 1
X*-donor
R-Au—PPh; ——— R-X
1 2
Entry Substrate NCS NBS NIS Barluenga’s reagent
1 1a R = 3-nitro phenyl 2aa X=Cl >95% 2ab X =Br >95% 2ac X =1 >95% 2ac X =1 >95%
2 1b R =phenyl 2ba X =CI 65% 2bb X =Br >95% 2be X =1 >95% 2be X =1 >95%
3 1c¢ R = 3-methoxy phenyl 2ca X=Cl >95% 2¢cb X =Br >95% 2ce X=1>95% 2ce X=1>95%
4 1d R = 2-formylfuran-5-yl 2da X =CI >95% 2db X =Br >95% 2de X=1 >95% 2de X=1 >95%
5 1e R = 3-formyl-5-furan- - 2eb X =Br >95% 2ec X=1>95% 2ec X=1>95%
6 1f R = phenylethynyl 2fa X =Cl >95% 2fb X =Br >95% 2fe X =1 >95% 2e X =1 >95%
Table 2. Protodemetallation and deuterodemetallation of the too electropositive for the transfer of the organic moiety from
substrates 1c and 1f .
the electronegative gold(1) centre.
H* orD*
R-Au—PPh; ——— R-HorD Conclusion
1 3 The chlorination, bromination, and iodination of these organo-
gold compounds shows that this step might be useful for the
Entry Substrate CF;COOH CF5CO0OD synthesis of halo-functionalized products by interception of
: : organogold intermediates in gold-catalyzed reactions. If the
3 Le R =3-methoxy phenyl 3e-H >95% 3e-D >95%  gybstrates of these catalysis reactions do not efficiently and
6 1f R = phenylethynyl 3f-H >95% 3f-D >95%

investigated with substrates 1¢ and 1f, which also gave quanti-
tative yields within the detection limits of the NMR experiments
(Table 2).

Now we turned towards the fluorination reagents. As in our
initial report,”® we used N-fluorobenzenesulfonimide, but as a
second reagent we also tested Selectfluor. In addition to sub-
strates 1a—1f from Table 1, the 4-methoxyphenyl compound
1g and the lactone 1h were also investigated (Table 3). Indeed,
with both reagents only a homocoupling was observed (entries
1-8).1"! The yields vary, but one effect is clear, with Selectfluor
usually slightly better yields were obtained. As 1h possesses a
stereogenic centre, the homocoupling leads to a diastereomeric
mixture, no stereorecognition was observed.

The mechanistic hypothesis for the homocoupling would be
an oxidation of the gold(1) centre by the F', the gold(i) species
formed then undergoes ligand exchange and reductively elim-
inates the homocoupling products 4. In order to investigate this
possibility, the allene 5, the precursors of 1h, was reacted with
one equivalent of gold(ir) chloride (Scheme 2). And indeed, a
76% yield of 4h was obtained, again as a mixture of diastereo-
isomers. This is in full accordance with our previous observation
of an oxidative C—C bond formation and homocoupling by
gold(m).[5:1]

Finally, we also investigated Me;SiCl, Me;SiOTf, Bu;SnCl,
and Bu;SnOTfT as potential electrophiles for 1c. These experi-
ments could have indicated the possibility to trap organogold
intermediates of catalytic cycles by silicon or tin — the corre-
sponding organosilicon or organotin compounds would have
been useful synthetic intermediates. However, no reaction was
observed (Scheme 3). One could probably consider such pro-
cesses to be transmetallation reactions, and silicon and tin are

directly cyclize with the halogen donors, this will be of special
benefit for synthetic applications. The direct fluorination did
not succeed, the observed homocoupling is a useful oxidative
dimerization process.

Experimental

General Experimental Procedure: Reaction of Aryl Gold
Phosphine Complexes with Electrophiles

A reference spectrum of the aryl gold complexes was recorded
first. The electrophiles (N-halosuccinimides, trifluoroacetic
acid, deutero-trifluoroacetic acid) were then added. The product
formation was monitored by NMR spectroscopy. In all the cases,
the product was characterized in situ and then purified by
filtration over silica gel to remove the gold. The structural
assignment was further confirmed by GC-MS analysis.

Chloro-3-nitro Benzene (2aa) (Chart 1)

Cl
>
5
Chart 1.

According to the general procedure, in deuterated dichloro-
methane (500 pL), 1a (15.02 mg, 258 pumol), N-chlorosuccin-
imide (3.63mg, 271 umol) at room temperature. The data
matched that of previous literature data.l'*'®! Yield (NMR):
>95%. 6y (CD,Cl,, 300 MHz) 8.42 (t, J 2.03, 1H), 8.21-8.18
(ddd, J 1.09, 2.23, 8.23, 1H), 7.93-7.90 (ddd, J 1.09, 1.81, 7.77,
1H), 7.63 (t, J 8.01, 1H). ¢ (CD,Cl,, 75MHz) 143.94 (s),
134.38 (s), 132.73 (d), 131.16 (d), 123.57 (d), 122.46 (d). m/z
(GC-MS) 157.0 (M™).
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Table 3. Homocoupling induced by F* oxidants

F*-donor
R-Au—PPh; —— R-R
1 4

Entry Substrate N-fluorobenzenesulfonimide Selectfluor
1 1a R = 3-nitro phenyl 4a 88% 4a 91%
2 1b R = phenyl 4b 86% 4b 90%
3 1c¢ R = 3-methoxy phenyl 4c¢ 83% 4c¢ 85%
4 1d R = 2-formylfuran-5-yl 4d 77% 4d 82%
5 1e R = 3-formyl-furan-5-yl 4e 78% 4e 81%
6 1f R = phenylethenyl- 41 91% 4f 93%
7 1g R =4-methoxyphenyl 4g 87% 4g 94%

A 200 A 710
8 1h O —Auppn, 4h" 69% 4h" 71%

(0]

AObtained as a mixture of diastereoisomers.

‘g/ AuClg
5

MeCN

O —
et
4h (76%)

Scheme 2. Oxidative coupling of two allenes when using stoichiometric
amounts of gold(i) chloride.

OMe Me;SiCl or Me,SiOTf
or BugSnCl or BugSnOTf

CH,Cl,
AuPPh,

1c

Scheme 3. Silicon or tin electrophiles do not react.

1-Bromo-3-nitro Benzene (2ab) (Chart 2)

Br

Chart 2.

According to the general procedure, in deuterated dichlor-
omethane (500 L), 1a (15.17 mg, 260 pmol), N-bromosucci-
nimide (4.84 mg, 260 umol) at room temperature. The data
matched that of previous literature data.'”! Yield (NMR):
>95%. 6y (CD,Cl,, 300 MHz) 8.30 (t, J 2.03, 1H), 8.10-8.06
(ddd, J0.94,2.15, 8.29, 1H), 7.79-7.76 (ddd, J 0.95, 1.85, 8.00,
IH), 7.59-7.56 (m, 1H). 8¢ (CD,Cl,, 75MHz) 149.26 (s),
138.05 (d), 131.13 (d), 127.02 (d), 123.10 (d), 122.55 (s). m/z
(GC-MS) 202.9 (M™).

1-lodo-3-nitro Benzene (2ac) (Chart 3)

O

+_
2
N

=
Chart 3.

According to the general procedure, in deuterated dichloro-
methane (500 pL), 1a (15.27 mg, 262 pmol), N-iodosuccinimide
(6.38mg, 283 umol) at room temperature. Yield (NMR):
>95%. The data matched that of previous literature data.l'®!"]
oy (CD,Cl,, 300 MHz) 8.48 (t, J 1.94, 1H), 8.13-8.09 (ddd,
J0.96,2.23, 8.23, 1H), 7.99-7.95 (ddd, J 1.00, 1.62, 7.88, 1H),
7.22(t,J8.07, 1H). 8¢ (CD,Cl,, 75 MHz) 143.95 (d), 132.73 (d),
131.16 (d), 128.83 (s), 123.12 (d), 93.70 (s). m/z (GC-MS)
249.0 (M™).

1-lodo-3-nitro Benzene (2ac) (Chart 4)

Chart 4.

According to the general procedure, in deuterated dichloro-
methane (500 pL), 1a (15.10 mg, 260 umol), Barluenga’s reagent
(9.63mg, 260 umol) at room temperature. The data matched
that of previous literature data.'®'”! Yield (NMR): >95%. &y
(CD,Cl,, 300 MHz) 8.42 (t, J 1.99, 1H), 8.21-8.18 (ddd, J 0.94,
2.19, 8.22, 1H), 7.93-7.90 (ddd, J 1.02, 1.76, 7.76, 1H), 7.62
(t, J 8.05, 1H). 8¢ (CD,Cl,, 75MHz) 141.14 (s), 138.03 (d),
132.73 (d), 131.16 (d), 123.12 (d), 93.70 (s). m/z (GC-MS)
249.0 (M™).
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Chlorobenzene (2ba) (Chart 5)
cl

Chart 5.

According to the general procedure, in deuterated benzene
(500 L), 1b (10.79mg, 192 pumol), N-chlorosuccinimide
(2.21mg, 192 umol) at room temperature. This data is in
accordance to the published data." Yield: 65%. 8y (CD,Cl,,
250 MHz) 7.24-7.19 (m, 5H). m/z (GC-MS) 112.0 (M™").

Bromobenzene (2bb) (Chart 6)
Br

Chart 6.

According to the general procedure, in deuterated benzene
(500 L), 1b (10.23mg, 191 pumol), N-bromosuccinimide
(3.52mg, 197 umol) at room temperature. Conversion of the
starting material is monitored by 'H NMR spectrometry and EI
MS in situ. This data is in accordance to the published data.['¥]
Yield NMR): >95%. &y (CD,Cl,, 250 MHz) 7.33-7.29 (m,
SH). m/z (HRMS (EI), 70eV) 154.0938/157.0390 (M)*.

lodobenzene (2bc) (Chart 7)
|

Q

Chart 7.

According to the general procedure, in deuterated benzene
(500puL), 1b (10.13mg, 189 pumol), N-iodosuccinimide
(4.40 mg, 195 umol) at room temperature. Conversion of the
starting material is monitored by "H NMR spectrometry and EI
MS in situ. This data is in accordance to the published data.['¥]
Yield NMR): >95%. &y (CD,Cl,, 250 MHz) 7.39-7.16 (m,
5H). m/z (HRMS (EI), 70eV) 204.9730 (M) ™.

lodobenzene (2bc) (Chart 8)

Q

Chart 8.

According to the general procedure, in deuterated benzene
(500 L), 1b (10.00mg, 186 umol), Barluenga’s reagent
(6.94 mg, 186 umol) at room temperature. Conversion of the
starting material is monitored by '"H NMR spectrometry and EI
MS in situ. This data is in accordance to the published data.!'*!
Yield NMR): >95%. &y (CD,Cl,, 250 MHz) 7.39-7.16 (m,
5H). m/z (HRMS (EI), 70eV) 204.0587 (M)
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1-Chloro-3-methoxybenzene (2ca) (Chart 9)
o]

Q.

Chart 9.

According to the general procedure, in deuterated chloroform
(500 L), 1e¢ (15.14mg, 267 umol), N-chlorosuccinimide
(3.57mg, 267 umol) at room temperature. Conversion of the
starting material is monitored by "H NMR spectrometry and
characterized in situ by NMR spectrometry. The product formed
was purified via column chromatography on silica with petrol
ether and ethyl acetate as eluents to remove the gold, to measure
GC mass. The data matched that of previous literature data.['®
Yield (NMR): >95%. &y (CDCl;, 500 MHz) 7.28-7.25 (m,
1H), 7.10-7.09 (m, 1H), 7.04 (t,J 1.98, 1H), 6.83-6.81 (m, 1H),
3.78 (s, 3H). 6c (CDCls, 125MHz) 160.30 (s), 129.06 (s),
128.57 (d), 119.72 (d), 112.97 (d), 112.84 (d), 55.33 (q). m/z
(GC-MS) 142.5 M) ™.

1-Bromo-3-methoxy Benzene (2cb) (Chart 10)
Br

Q.

Chart 10.

According to the general procedure, in deuterated chloroform
(500 puL), 1c¢ (15.33mg, 271 pmol), N-bromosuccinimide
(4.82mg, 271 umol) at room temperature. Conversion of the
starting material is monitored by 'H NMR spectrometry and
characterized in situ by NMR spectrometry. The product formed
was purified via column chromatography on silica with petrol
ether and ethyl acetate as eluents to remove the gold, to measure
GC mass. The data matched that of previous literature
data.!"""1Yield (NMR): >95%. 8;; (CDCls, 300 MHz) 7.06 (t,
J 7.90, 1H), 7.01-6.98 (m, 2H), 6.78-6.74 (ddd, J 1.29, 2.47,
7.99, 1H), 3.71 (s, 3H). 6 (CDCls, 75 MHz) 160.37 (s), 130.53
(d), 123.76 (d), 122.82 (s), 117.14 (d), 113.08 (d), 55.45 (q). m/z
(GC-MS) 185.9 (M)™.

1-lodo-3-methoxybenzene (2cc) (Chart 11)
I

Q.

Chart 11.

According to the general procedure, in deuterated chloroform
(500 L), 1c (15.43 mg, 273 pmol), N-iodosuccinimide (6.13 mg,
273 pmol) atroom temperature. The data matched that of previous
literature data.l'>'® Yield NMR): >95%. 8;; (CDCls, 300 MHz)
7.37-7.31 (m, 1H), 7.27-7.26 (m, 1H), 7.01 (t, J 8.32, 3H),
6.91-6.86 (ddd, J 0.98, 2.47, 8.35, 1H), 3.80 (s, 3H). 6¢ (CDCl;,
75MHz) 159.78 (s), 131.16 (d), 130.22 (d), 123.41 (d), 114.17 (d),
94.00 (s) 55.78 (q). m/z (GC-MS) 233.9 (M) ™.
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1-lodo-3-methoxybenzene (2cc) (Chart 12)
|

Q.

Chart 12.

According to the general procedure, in deuterated chloroform
(500puL), 1c (15.23mg, 269 pumol), Barluenga’s reagent
(10.01 mg, 269 pumol) at room temperature. The data matched
that of previous literature data.l'*'>'8] Yield (NMR): >95%.
oy (CDCl3, 500 MHz) 7.12-7.07 (m, 2H), 6.92 (t, J 8.05, 1H),
6.80-6.78 (m, 1H), 3.80 (s, 3H). 8¢ (CDCl;, 125 MHz) 159.95
(s), 130.76 (d), 129.84 (d), 123.73 (d), 113.91 (d), 94.36 (s),
55.15 (q). m/z (GC-MS) 233.9 (M) .

Methoxybenzene (3c-H) (Chart 13)

.,

Chart 13.

According to the general procedure, in deuterated chloroform
(500 L), 1e (15.10mg, 267 umol), deuterated trifluoroacetic
acid (3.04 mg, 267 pmol) at room temperature. The data mat-
ched that of previous literature data.!'*'> Yield (NMR): >95%.
8y (CDCl3, 250 MHz) 7.00-6.91 (m, SH), 3.83 (s, 3H).

Methoxy(3—2 H)benzene (3¢c-D) (Chart 14)
D

O/

Chart 14.

According to the general procedure, in deuterated chloroform
(500 uL), 1e (15.22mg, 269 umol), deuterated trifluoroacetic
acid (3.09 mg, 269 pmol) at room temperature. Yield (NMR):
>95%. The data matched that of previous literature data.l**! 8,
(CDCl3, 300 MHz) 7.24-7.18 (m, 2H), 6.89—6.82 (m, 3H), 3.73
(s, 3H). 8¢ (CD,Cl,, 75 MHz) 159.51 (s), 128.23 (d), 127.35 (d),
120.56 (d), 113.90 (d), 113.79 (s), 55.15 (q).

5-Chlorofuran-2-carbaldehyde (2da) (Chart 15)
0

H O,
|/CI

Chart 15.

According to the general procedure, in deuterated chloroform
(500puL), 1d (10.37mg, 187 pumol), N-chlorosuccinimide
(2.50 mg, 187 pmol) at room temperature. The data matched that
of previous literature data.?'! Yield (GC): >95%. m/z (GC-MS)
130.0 M)*.
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5-Bromofuran-2-carbaldehyde (2db) (Chart 16)

(o}

H O,
| / Br

Chart 16.

According to the general procedure, in deuterated chloroform
(500puL), 1d (10.29mg, 186 umol), N-bromosuccinimide
(3.26 mg, 183 pmol) at room temperature. The data matched
that of previous literature data.l'*">! Yield (NMR): >95%. 6y
(CDCls,250 MHz) 8.98-8.97 (m, 1H), 6.17-6.15 (m, 1H), 5.63—
5.61 (m, 1H). m/z (GC-MS) 175.0 (M) ™.

5-lodofuran-2-carbaldehyde (2dc) (Chart 17)

(o}

H (0]
| Y
Chart 17.

According to the general procedure, in deuterated chloroform
(500puL), 1d (10.29mg, 185umol), N-iodosuccinimide
(4.17 mg, 185 pmol) at room temperature. The data matched that
of previous literature data.”?!! Yield (GC): > 95%. m/z (GC-MS)
221.9 M)™.

5-lodofuran-2-carbaldehyde (2dc) (Chart 18)

(0]

H (0]
| Ve
Chart 18.

According to the general procedure, in deuterated chloroform
(500puL), 1d (10.29mg, 185umol), Barluenga’s reagent
(7.04 mg, 185 pmol) at room temperature. The data matched that
of previous literature data.l'*'”! Yield (NMR): >95%. m/z
(GC-MS) 221.9 (M) ™.

5-Chlorofuran-3-carbaldehyde (2ea) (Chart 19)

O,
HWC.

(0]

Chart 19.

According to the general procedure, in deuterated chloroform
(500puL), 1le (10.37mg, 187 umol), N-chlorosuccinimide
(2.50 mg, 187 pmol) at room temperature. The data was matched
that of previous literature data.”? Yield (GC): >95%. m/z
(GC-MS) 130.0 (M) ™.
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5-Bromofuran-3-carbaldehyde (2eb) (Chart 20)

O,
HW&

(e}

Chart 20.

According to the general procedure, in deuterated chloroform
(500 L), 1le (10.29mg, 185pumol), N-bromosuccinimide
(3.31' mg, 185umol) at room temperature. The Yield (GC):
>95%. m/z (GC-MS) 175.0 (M) ™.

5-lodofuran-3-carbaldehyde (2ec) (Chart 21)

O

(o)

Chart 21.

According to general procedure, in deuterated chloroform
(500pL), 1le (11.20mg, 202umol), N-iodosuccinimide
(4.54 mg, 202 pmol) at room temperature. Yield (GC): >95%.
m/z (GC-MS) 221.9 (M) ™.

5-lodofuran-3-carbaldehyde (2ec) (Chart 22)

O

(e}
Chart 22.

According to general procedure, in deuterated chloroform
(500 uL), le (10.49mg, 189 pumol), Barluenga’s reagent
(7.17 mg, 189 pmol) at room temperature. Yield (GC): >95%.
m/z (GC-MS) 221.9 (M) ™.

(Chloroethynyl)benzene (2fa) (Chart 23)

cl
=

Chart 23.

According to general procedure, in deuterated chloroform
(500 pL), 1f (15.35mg, 274 pmol), N-chlorosuccinimide
(3.65mg, 274 umol) at room temperature. The data matched
that of previous literature data.l'*'”! Yield (NMR): >95%.
oy (CDCl;, 250MHz) 7.24-7.18 (m, 5H). m/z (GC-MS)
136.5 M) ™.

(Bromoethynyl)benzene (2fb) (Chart 24)

Br
=

Chart 24.

A. S. K. Hashmi et al.

According to general procedure, in deuterated chloroform
(500pL), 1f (15.32mg, 273 umol), N-bromosuccinimide
(4.86 mg, 273 umol) at room temperature. The data matched that
of previous literature data.'** Yield (NMR): >95%. 8;; (CDCls,
250 MHz) 7.24-7.16 (m, SH). m/z (GC-MS) 179.9 (M) ™.

(lodoethynyl)benzene (2fc) (Chart 25)

|
=

Chart 25.

According to general procedure, in deuterated chloroform
(500pL), 1f (15.57mg, 278 umol), N-iodosuccinimide
(6.28 mg, 278 pmol) at room temperature. The data matched that
of previous literature data.®* Yield (NMR): >95%. 6y (CDCl;,
250 MHz) 7.24-7.18 (m, 5H). m/z (GC-MS) 227.9 (M)*.

(lodoethynyl)benzene (2fc) (Chart 26)

|
=

Chart 26.

According to general procedure, in deuterated chloroform
(500 puL), 1f (15.57mg, 278 umol), Barluenga’s reagent
(10.31 mg, 278 umol) at room temperature. The data matched
that of previous literature data.”* Yield (NMR): >95%.
oy (CDCls, 250MHz) 7.24-7.18 (m, 5H). m/z (GC-MS)
227.9 (M)*.

Ethynylbenzene (3f-H) (Chart 27)

H
=

Chart 27.

According to general procedure, in deuterated chloroform
(500 uL), 1f (15.23 mg, 271 pmol), deuterated trifluoroacetic
acid (3.09mg, 271 umol) at room temperature. The data
matched that of previous literature data.l'*!* Yield (NMR):
>95%. 6y (CDCls, 250 MHz) 7.24-7.19 (m, 5H). m/z (GC-MS)
102.0 (M)™.

(*H)ethynylbenzene (3f-D) (Chart 28)

D
=

Chart 28.

According to general procedure, in deuterated chloroform
(500 uL), 1f (15.16 mg, 271 pmol), deuterated trifluoroacetic
acid (3.12mg, 271 umol) at room temperature. The data
matched that of previous literature data.'* Yield (NMR):
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>95%. 8}; (CDCls, 250 MHz) 7.24-7.17 (m, SH). m/z (GC-MS)
103.0 (M)*.

4,4'-Dimethoxy-1,1-biphenyl (4g) (Chart 29)

Chart 29.

To Selectfluor (26.0mg, 74.0 umol, 1.05eq) in acetonitrile
(5mL) was added 4-methoxyphenyl(triphenylphosphan)gold
(40.0mg, 71.0 pmol, 1.00 eq) and stirred at room temperature
for 1h. The reaction mixture was adsorbed onto silica and
purified by flash column chromatography (20% ethyl acetate in
petroleum ether) to give the product as a white solid (8.0 mg,
94%). The NMR data is in accordance with literature data.[** 64
(CDCl3,250 MHz) 7.48 (d,J 8.78,4H), 6.96 (d, J 8.79, 4H), 3.85
(s, 6H). m/z (EIT) 214 (100%) [M]™. Spectroscopic data match
those in the literature.!")

4,4'-Dimethyl-2,2'-di(propan-2-yl)-3,3'-bifuran-
5,5 (2H,2'H)-dione (4h)

To a solution of ethyl 2,5-dimethylhexa-2,3-dienoate (KG-26)
in acetonitrile, one equivalent of gold(i) trichloride was added
and the reaction mixture was stirred for 6 h at 80°C. The product
formed was purified via column chromatography on silica with
petrol ether and ethyl acetate as eluents. Yield: 76% as a mixture
of two diastereomers.

Diastereomer 1: 63 (CD3;CN, 300 MHz) 0.72 (d, J 6.89, 3H),
1.15(d,J6.89,3H), 1.85 (s, 3H), 1.78 (s, 3H), 2.05 (m, 1H), 4.92
(m, 1H). 6c (CD;CN, 75 MHz) 10.37 (q), 14.09 (q), 20.04 (q),
30.08 (d), 86.19 (d), 130.06 (s), 151.82 (s), 173.68 (s).

Diastereomer 2: 611 (CD;CN, 300 MHz) 0.64 (d, J 6.89, 3H),
1.12(d,J6.89,3H), 1.79 (s, 3H), 1.85 (s, 3H), 2.04 (m, 1H), 5.06
(m, 1H). 8¢ (CD;CN, 75MHz) 11.19 (q), 14.60 (q), 21.16 (q),
31.40 (d), 86.97 (d), 130.80 (s), 152.49 (s), 173.89 (s).

Acknowledgement

This work was supported by the Deutsche Forschungsgemeinschaft
(SFB 623). A.S.-K.T. thanks the DAAD for a fellowship. We are grateful to
Umicore AG & Co. KG for the donation of gold salts.

References

[1] (a) G. Dyker, Angew. Chem. 2000, 112, 4407. doi:10.1002/1521-3757
(20001201)112:23<4407::AID-ANGE4407 > 3.0.CO;2-K
(b) G. Dyker, Angew. Chem. Int. Ed. 2000, 39, 4237. doi:10.1002/
1521-3773(20001201)39:23<4237::AID-ANIE4237 > 3.0.CO;2-A
(c) A. S. K. Hashmi, Gold Bull. 2003, 36, 3.
(d) A. S. K. Hashmi, Gold Bull. 2004, 37, 51.
(e) N. Krause, A. Hoffmann-Roder, Org. Biomol. Chem. 2005, 3, 387.
doi:10.1039/B416516K
() A. S. K. Hashmi, Angew. Chem. 2005, 117, 7150. doi:10.1002/
ANGE.200502735
(g) A. S.K. Hashmi, Angew. Chem. Int. Ed. 2005, 44, 6990. doi:10.1002/
ANIE.200502735
(h) A. S. K. Hashmi, G. Hutchings, Angew. Chem. 2006, 118, 8064.
doi:10.1002/ANGE.200602454
(1) A. S. K. Hashmi, G. Hutchings, Angew. Chem. Int. Ed. 2006, 45, 7896.
doi:10.1002/ANIE.200602454
() A. S. K. Hashmi, Chem. Rev. 2007, 107, 3180. doi:10.1021/
CR000436X
(k) A. Arcadi, Chem. Rev. 2008, 108, 3266. doi:10.1021/CR068435D
(1) E. Jiménez-Nuiez, A. M. Echavarren, Chem. Rev. 2008, 108, 3326.
doi:10.1021/CR0684319

(2]
(3]

(4]

[5]

(6]

(7]

(8]
[]

RESEARCH FRONT

1625

(m) Z. G. Li, C. Brouwer, C. He, Chem. Rev. 2008, 108, 3239.
doi:10.1021/CR068434L

(n) A. S. K. Hashmi, Aldrichimica Acta 2010, 43, 27.

A. S. K. Hashmi, M. Rudolph, Chem. Soc. Rev. 2008, 37, 1766.
doi:10.1039/B615629K

(a) A. S. K. Hashmi, Angew. Chem. 2010, 122, 5360. doi:10.1002/
ANGE.200907078

(b) A. S. K. Hashmi, Angew. Chem. Int. Ed. 2010, 49, 5232. doi:10.1002/
ANIE.200907078

(a) For such examples, see: A. S. K. Hashmi, S. Pankajakshan,
M. Rudolph, E. Enns, T. Bander, F. Rominger, W. Frey, Adv. Synth.
Catal. 2009, 351, 2855. doi:10.1002/ADSC.200900614

(b) A. S. K. Hashmi, M. Rudolph, J. Huck, W. Frey, J. W. Bats,
M. Hamzic, Angew. Chem. 2009, 121, 5962. doi:10.1002/ANGE.
200900887

(c) A. S. K. Hashmi, M. Rudolph, J. Huck, W. Frey, J. W. Bats,
M. Hamzic, Angew. Chem. Int. Ed. 2009, 48, 5848. doi:10.1002/
ANIE.200900887

(d) A. S. K. Hashmi, S. Schifer, M. Wolfle, C. Diez Gil, P. Fischer,
A. Laguna, M. C. Blanco, M. C. Gimeno, Angew. Chem. 2007, 119,
6297. doi:10.1002/ANGE.200701521

(e) A. S. K. Hashmi, S. Schifer, M. Wolfle, C. Diez Gil, P. Fischer,
A.Laguna, M. C. Blanco, M. C. Gimeno, Angew. Chem. Int. Ed. 2007,
46, 6184. doi:10.1002/ANIE.200701521

(f) A. S. K. Hashmi, M. Rudolph, H.-U. Siehl, M. Tanaka, J. W. Bats,
W. Frey, Chem. Eur. J. 2008, 14, 3703. doi:10.1002/CHEM.
200701795

(a) C. M. Krauter, A. S. K. Hashmi, M. Pernpointner, ChemCatChem
2010, 2, 1226. doi:10.1002/CCTC.201000136

(b) A. S. K. Hashmi, Catal. Today 2007, 122, 211. doi:10.1016/
J.CATTOD.2006.10.006

(c) A. S. K. Hashmi, L. Schwarz, P. Rubenbauer, M. C. Blanco, Adv.
Synth. Catal. 2006, 348, 705. doi:10.1002/ADSC.200505464

(a) J. P. Weyrauch, A. S. K. Hashmi, A. Schuster, T. Hengst,
S. Schetter, A. Littmann, M. Rudolph, M. Hamzic, J. Visus,
F. Rominger, W. Frey, J. W. Bats, Chem. Eur. J. 2010, 16, 956.
doi:10.1002/CHEM.200902472

(b) S. F. Kirsch, J. T. Binder, B. Crone, A. Duschek, T. T. Haug,
C. Liébert, H. Menz, Angew. Chem. Int. Ed. 2007, 46, 2310.
doi:10.1002/ANIE.200604544

(¢) M. Yu, G. Zhang, L. Zhang, Org. Lett. 2007, 9, 2147. doi:10.1021/
OL0706370

(d) B. Crone, S. F. Kirsch, J. Org. Chem. 2007, 72, 5435. doi:10.1021/
JO070695N

(e) A. Buzas, F. Gagosz, Org. Lett. 2006, 8, 515. doi:10.1021/
OL0531000

(f) A. Buzas, F. Gagosz, Synlett 2006, 2727. doi:10.1055/S-2006-
950253

(g) A. Buzas, F. Istrate, F. Gagosz, Org. Lett. 2006, 8§, 1958.
doi:10.1021/0L0606839

(h) Z. Shi, C. He, J. Am. Chem. Soc. 2004, 126, 3596. doi:10.1021/
JA046890Q

(i) S. K. Bhargava, F. Mohr, M. A. Bennett, L. L. Welling, A. C. Willis,
Organometallics 2000, 19, 5628. doi:10.1021/0M000672Y

(a) A. S. K. Hashmi, C. Lothschiitz, R. Dépp, M. Rudolph, T. D.
Ramamurthi, F. Rominger, A4ngew. Chem. 2009, 121, 8392.
doi:10.1002/ANGE.200902942

(b) A. S. K. Hashmi, C. Lothschiitz, R. Dépp, M. Rudolph, T. D.
Ramamurthi, F. Rominger, Angew. Chem. Int. Ed. 2009, 48, 8243.
doi:10.1002/ANIE.200902942

(c) A. S. K. Hashmi, R. Ddpp, C. Lothschiitz, M. Rudolph, D. Riedel,
F. Rominger, Adv. Synth. Catal. 2010, 352, 1307. doi:10.1002/
ADSC.201000159

(d) Y. Shi, S. D. Ramgren, S. A. Blum, Organometallics 2009, 28,
1275. doi:10.1021/0M801206G

A. S. K. Hashmi, T. D. Ramamurthi, F. Rominger, J. Organomet.
Chem. 2009, 694, 592. doi:10.1016/J.JORGANCHEM.2008.11.054
(a) G. Zhang, Y. Peng, L. Cui, L. Zhang, Angew. Chem. Int. Ed. 2009,
48,3112. doi:10.1002/ANIE.200900585



RESEARCH FRONT

1626

[10]

(1]

[12]

[13]

(b) L. Cui, G. Zhang, L. Zhang, Bioorg. Med. Chem. Lett. 2009, 19,
3884. doi:10.1016/J.BMCL.2009.03.127

For subsequent reports on C-C bond formation by oxidation, see:
(a) M. N. Hopkinson, A. Tessier, A. Salisbury, G. T. Giuffredi, L. E.
Combettes, A. D. Gee, V. Gouverneur, Chem. Eur. J. 2010, 16, 4739.
doi:10.1002/CHEM.201000322

(b) M. G. Auzias, M. Neuburger, H. A. Wegner, Synlett 2010, 2443.
doi:10.1055/S-0030-1258566

(c) H. A. Wegner, Chimia 2009, 63,44. doi:10.2533/CHIMIA.2009.44
(d) G. Zhang, L. Cui, Y. Wang, L. Zhang, J. Am. Chem. Soc. 2010, 132,
1474. doi:10.1021/JA909555D

For related results, which might proceed by similar steps:
(e) A. Kar, N. Mangu, H. M. Kaiser, M. Beller, M. K. Tse, Chem.
Commun. 2008, 386. doi:10.1039/B714928]

(f) A. Kar, N. Mangu, H. M. Kaiser, M. K. Tse, J. Organomet. Chem.
2009, 694, 524. doi:10.1016/J.JORGANCHEM.2008.11.016

J. Barluenga, M. A. Rodriguez, J. M. Gonzalez, P. J. Campos,
Tetrahedron Lett. 1990, 31, 4207. doi:10.1016/S0040-4039(00)
97583-X

A. S. K. Hashmi, M. C. Blanco, D. Fischer, J. W. Bats, Eur. J. Org.
Chem. 2006, 1387. doi:10.1002/EJOC.200600009

(a) M. Pazicky, A. Loos, M. J. Ferreira, F. Rominger, C. Jikel, A. S. K.
Hashmi, M. Limbach, Organometallics 2010, 29, 4448. doi:10.1021/
OM1005484

(b) Compare to the homogeneous gold-catalyzed oxidative esterification
reported recently: A. S. K. Hashmi, C. Lothschuetz, M. Ackermann,

[14]
[15]
[16]
[17]
[18]
[19]
[20]
[21]
[22]
[23]

[24]

A. S. K. Hashmi et al.

R. Doepp, S. Anantharaman, B. Marchetti, H. Bertagnolli, F. Rominger,
Chem. Eur. J. 2010, 16, 8012.

WSS: Spectral data were obtained from Wiley Subscription Services,
Inc. (US).

H. Wu, J. Hynes, Jr, Org. Lett. 2010, 12, 1192. doi:10.1021/
0L9029337

A. Hubbard, T. Okazaki, K. K. Laali, J. Org. Chem. 2008, 73, 316.
doi:10.1021/J0701937E

J. Zilberman, Org. Process Res. Dev. 2003, 7, 303. doi:10.1021/
OP020058T

S. Bhattacharya, A. K. Bauri, S. Chattopadhyay, M. Banerjee, Chem.
Phys. Lett. 2005, 401, 323. doi:10.1016/J.CPLETT.2004.11.034

R. S. P. Hsi, W. T. Stolle, J. Labelled Comp. Radiopharm. 1986, 23,
433. doi:10.1002/JLCR.2580230413

M. D’Auria, G. Mauriello, Synthesis 1995, 248. doi:10.1055/S-1995-
3899

D. Florentin, B. P. Roques, M. C. Fournie-Zaluski, Bull. Soc. Chim. Fr.
1976, 1999.

M. Okutani, Y. Mori, J. Org. Chem. 2009, 74, 442. doi:10.1021/
JO802101A

D. J. Nelson, C. D. Blue, H. C. Brown, J. Am. Chem. Soc. 1982, 104,
4913. doi:10.1021/JA00382A029

R. A. Outten, G. D. Daves, J. Org. Chem. 1989, 54, 29. doi:10.1021/
JO00262A014

J Aust. J. Chem.
httpz//www.publish.csiro.aujoumnals/aje



