
Homocoupling of Iodoarenes and Bromoalkanes Using Photoredox
Gold Catalysis: A Light Enabled Au(III) Reductive Elimination
Huy Tran, Terry McCallum, Mathieu Morin, and Louis Barriault*

Centre for Catalysis, Research and Innovation, Department of Chemistry and Biomolecular Sciences, University of Ottawa, Ottawa,
Ontario, Canada

*S Supporting Information

ABSTRACT: The formation of homocoupled alkane byproducts have been
identified in the reduction of bromoalkanes via photoredox gold catalysis with
dimeric Au(I) complexes. This prompted further investigation into the
mechanism of formation of these byproducts and the diversity of C−X bonds
amenable to this transformation. Examples were found when considering
bromoalkanes while a wide variety of iodoarenes underwent this process in good
to excellent yields. The light enabled homocoupling of iodoarenes made possible by photoredox gold catalysis is reported.

Symmetrical biaryl compounds are among potent natural
products that present antimitotic activity.1 These structurally

diverse natural products contain linkages that have been the
subject of many transitionmetal oriented synthetic studies.2 Such
molecules are targets for medicinal chemists, total synthesis
efforts, and pharmaceutical exploration, Figure 1.3 When
considering haloarenes, the Ullman coupling provides a
convenient route to homocoupled arene products, one of the
longest standing and practical methods in organic synthesis.4

This methodology is often subject to stoichiometric transition
metals/reagents and additives under harsh conditions. Presently,
haloarene homocoupling methodology has seen the develop-
ment of catalytic transition metals with stoichiometric reductants
to achieve such reactivity while such methodology for alkane

homocoupling is rare (eq 1).5 Catalytic methodology involving
silyl-functionalized arenes with Au(I) complexes and external
oxidants has resulted in homocoupled biaryl products (eq 2).5g,h

A standing challenge in organic chemistry is the development of
arene and haloalkane homocoupling methodology under mild
and convenient reaction conditions. Currently, these types of
alkane couplings are limited to benzylic functionalized moieties
which take advantage of their stability and likeliness to dimerize.6

In this Letter, the identification and development of the
homocoupling of iodoarenes and bromoalkanes using photo-
redox gold catalysis is described.
Tremendous interest in photoredox catalysis has cultivated a

wide variety of methodology development.7 Owing to the high
energy found in excited state complexes, photochemistry has
once again established itself as a powerful tool in organic
synthesis.8 Inspired by Nature, excited state transition metal
based complexes and organic dyes generated by mild sources of
light irradiation (light bulbs and LEDS) are used to trigger single
electron transfer (SET) events through an oxidative or reductive
quenching mechanism.9 Access to one-electron mechanisms of
important reactions in synthesis has proven to be a valuable
alternative to classic protocols in radical chemistry.10

Recently, our group and others have been interested in the
development of synthetically useful photoredox catalyzed radical
transformations using dimeric Au(I) complexes.11 During the
course of studying mechanisms associated with these complexes,
we observed the radical cyclization and subsequent homocou-
pling of a bromoallylmalonate.12

A radical−radical recombination pathway to this peculiar
product seemed unlikely and warranted further studies. It has
been apparent that many different pathways can be at play in
photoredox catalysis using dimeric Au(I) complexes. One may
be the rarely accessed Au(I)/Au(III) catalytic cycle. Recently,
Au(I)/Au(III) methodology without use of external oxidants has
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Figure 1. Methods of homocoupling reactions.
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been developed, but are limited to hazardous aryl diazonium salts
that also function as an oxidant (eq 3).11i,13 This elusive
mechanism was probed using readily available iodoarenes and
bromoalkanes for the formation of homocoupled products,
lending support to a Au(III) reductive elimination process (eq
4).
To begin, extending the previously described methodology to

iodoarene 1a was investigated (Table 1). Preliminary screening
using a 1:1 mixture of MeCN/MeOH (0.5 M) in the presence of
triethylamine (TEA, 1 equiv) was found to be optimal, yielding
product 2a (75%) and dehalogenated product 3a (Table 1,
entries 1 and 2). To our delight, addition of K2HPO4 gave
quantitative conversion to the homocoupling product 2a (Table
1, entry 3). Removal of TEA gave minor conversion to 2a, and
removal of photocatalyst gave mostly degradation (Table 1,
entries 4 and 5). No product was formed in the absence of UVA
LED irradiation (Table 1, entry 6). It should be noted that the
corresponding methyl 4-bromobenzoate had limited success
(<20%) under the described optimized conditions.
Having determined the optimal conditions for the homocou-

pling of iodoarenes, the general applicability of the trans-
formation was investigated (Figure 2). Electron-poor iodoarene
1b afforded product in 60% yield. Iodoarenes 1c and 1d (m- and
o-substituted methyl benzoates) gave 2c and 2d in 66% and 14%
yields, respectively, showing that steric effects hinder the
transformation. Substrates 1e−m were converted to the
corresponding products 2e−m in 31−63% yields. Surprisingly,
N-acetyl functionalized 1n gave exclusively the dehalogenated
arene 3n in 85% yield showing that hydrogen atom transfer
(HAT) is a competing process. Relatively electron-neutral alkyl
functionalized iodoarenes 1o−q gave modest conversions of
2o−q in 34−53% yields while electron-rich 1r gave 2r in 29%
yield. We were pleased to find phenylalanine and estrone
surrogates 1s and 1t were compatible to the conditions by giving
homocoupled products 3s and 3t in 66% and 28% yields,
respectively.
To further probe the mechanism of this transformation,

substrates 1u and 1v were considered to show whether
homocoupling or cyclization processes were more favorable
under the described conditions (Scheme 1). Allyl functionalized
iodoarene 1u gave the cyclized and homocoupled product 4u in
20% yield. Interestingly under these conditions, compound 4u

was the only product isolated from the reaction mixture.
Iodoarene 1v gave mostly 1,6-cyclized product 4v in 56% yield,
and homocoupling product 2vwas not observed. Minor products
3v (reduced) and 5v (arising from the 1,5-ipso substitution and
fragmentation of SO2) were isolated in 25% yield in a 72:28 ratio.
These results indicate that free radical intermediates undergo
cyclization processes competitively before homocoupling occurs
(without consideration of equilibria between free alkyl/aryl
radicals and addition to Au centers). Next, the homocoupling of
bromoalkanes was revisited by applying the described homo-
coupling methodology to 6a (Table 2). It was found that TEA (1
equiv) gave good conversion to homocoupled product 7a as a
mixture of diastereomers in 75% yield (Table 2, entry 1).
However, this was accompanied by a significant amount of the
reduced product 8a (24% yield), presumably through a hydrogen
atom transfer event (HAT). Deuteration of TEA or the solvents
resulted in slightly elevated ratios of 7a:8a (Table 2, entries 2 and
3). The use of deuterated TEA and solvents increased the
formation of 7a (Table 2, entry 4). The addition of cyclo-
hexadiene gave 8a as the sole product in 95% yield (68%
isolated) (Table 2, entry 5). These experiments support the

Table 1. Optimization of the Iodoarene Homocouplinga

yield (%)

entry TEA (equiv) 1a 2a 3a

1b 1 0 75 25
2b 2 0 69 11
3 1 0 98 (91) 2
4 − 70 22 8
5c 1 22 2 8
6d 1 99 0 0

a1a (0.2 mmol), [Au2(dppm)2]Cl2 (5 mol %), TEA (0.2 mmol),
K2HPO4 (0.2 mmol), MeCN/MeOH (0.5 M), Ar degas, UVA LED
irradiation for 16 h at room temperature. Yields determined by 1H
NMR analysis using an internal standard using mesitylene (isolated).
bIn absence of K2HPO4.

cIn absence of [Au2(dppm)2]Cl2.
dIn absence

of UVA LED irradiation.

Figure 2. Homocoupling of iodoarenes. Conditions: See Table 1, entry
3. Isolated yields reported. In the case of 1n, dehalogenated product 3n
was afforded.

Scheme 1. Possible Mechanistic Insights
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formation of an intermediate free radical that can undergo HAT
processes with TEA, the solvents, or intermediates that may
form.14 Using deuterated TEA and solvents, the HAT pathway is
attenuated because deuterium is abstracted more slowly by free
radicals than hydrogen and allows more time for free radicals to
undergo homocoupling processes. The addition of TEMPO
resulted in no reaction possibly due to catalyst inhibition rather
than the formation of a TEMPO-functionalized product (Table
2, entry 6). Removal of TEA, [Au2(dppm)2]Cl2, or UVA LED
irradiation resulted in no product formation (Table 2, entries 7−
9).
Using the optimized conditions, some bromoalkanes were

surveyed (Figure 3). Good yields were found for the
homocoupling of a few primary and secondary bromoalkanes
(6b−d, up to 51% yield isolated). As expected, benzyl chloride
(6e) gave bibenzyl (7e) in 77% yield as benzyl radicals are known
to undergo radical−radical recombination. Notably, 7c remained
enantiopure when using (R)-(1-bromopropan-2-yl)benzene
(6c) but the corresponding racemic 6c gave a statistical mixture
of diastereomers. This supports products arising from free
radicals as intermediates that lead to the statistical mixture of
products. Although the bromoalkane homocoupling method-
ology may not be cost-effective, these results shed light on the
possible intermediacy of free radicals in this process.

Given the relatively low concentration of radical intermediates
present, it is difficult to consider a radical−radical coupling
mechanism as the major pathway to homocoupled products.
Furthermore, the cyclization products observed in Scheme 1, the
complete reduction of 6a to 8a in the presence of cyclohexadiene
(Table 2, entry 5), and the statistical mixture of products
obtained by racemic 6c indicate that free radicals may be
intermediates in this process (possibly in equilibrium with
addition upon a Au center). In the presence of triethylamine, it is
likely that a reductive quenching pathway of the excited state
dimeric Au(I) complex I* is dominating (2.7 × 107 M−1 s−1 for
N,N-diisopropylethylamine (similar to triethylamine) vs 2.9 ×
106M−1 s−1 for bromobutane), leading to intermediate II (Figure
4).12 One can assume that this dimeric gold intermediate is a
powerful reducing agent, capable of activating bromoalkanes and
iodoarenes (∼ −1.9 to −2.5 V vs SCE),15 leading to carbon
centered radicals and regeneration of the photocatalyst I. This
pathway likely takes place until a high enough concentration of
carbon centered radicals is formed, where addition upon Au(I) is
favorable, intermediate III. The resulting intermediate III is
prone to accept another radical to reach a more stable Au(III)
intermediate IV, which can then reductively eliminate homo-
coupled arenes and alkanes along with catalyst regeneration.13i,l

An oxidative quenching pathway of the excited state dimeric
Au(I) complex with iodoarenes or bromoalkanes seems unlikely
but cannot be ruled out. Complex I* could form an exciplex with
C−X bonds, leading to productive pathways, but the lack of
reactivity in the absence of TEA does not support such a
mechanism. In summary, the light enabled homocoupling of
iodoarenes and bromoalkanes was disclosed. These findings
show promise that Au(I) complexes have potential in future
studies considering alkyl and aryl homocoupling processes,
possibly through an unusual Au(I)/Au(III) mediated coupling
pathway. The current study found broad applicability in scope of
iodoarene homocoupling and reasonable applicability when
considering bromoalkanes. A dimeric Au(I) photocatalyst was
required in the homocoupling of these substrates. Studies in the
application of this methodology to cross-coupling processes and
also to the synthesis of natural products are currently underway
and will be reported in due course.
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Table 2. Investigation of the Bromoalkane Homocouplinga

yield (%)

entry base 6a 7a 8a

1 TEA 0 75 24
2 d15-TEA 0 72 20
3 TEAb 0 66 7
4 d15-TEA

b 0 89(53) 9c

5 TEAd 0 0 95(68)
6 TEAe 100 0 0
7 − 100 0 0
8 TEAf 100 0 0
9 TEAg 100 0 0

a6a (0.2 mmol), [Au2(dppm)2]Cl2 (5 mol %), base (1 equiv), 1:1
MeCN:MeOH (0.5 M), Ar degas, UVA LED irradiation for 16 h at
room temperature. Yields determined by 1H NMR analysis using an
internal standard of mesitylene (isolated). bDeuterated solvents used
(CD3OD and CD3CN).

cProduced corresponding deuterated 8a as
byproduct. d1,4-Cyclohexadiene (3 equiv) added. eTEMPO (3 equiv)
added. fIn absence of [Au2(dppm)2]Cl2.

gIn absence of UVA LED
irradiation.

Figure 3. Homocoupling of bromoalkanes. Conditions: See Table 2,
entry 4. In the case of 7e, benzyl chloride used as starting material.

Figure 4. Proposed mechanism of homocoupling reactions.
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Experimental procedures and analytical data including 1H
and 13C NMR spectra for all new compounds (PDF)
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