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ABSTRACT: Ortho-substituted aryl silanes have previously been found to undergo much slower Au-catalyzed intermo-
lecular arylation than their m,p-substituted isomers, with many examples failing to undergo turnover at all. A method to 
indirectly quantify the rates of C–Si auration of o-substituted aryl silanes, under conditions of turnover, has been devel-
oped. All examples are found to undergo very efficient C–Si auration, indicative that it is the subsequent C–H auration 
that is inhibited by the ortho substituent. A simple Ar-Au conformational model suggests that C–H auration can be 
accelerated by chelation. A series of ortho-functionalized aryl silanes are shown to undergo efficient arylation. 

Introduction 
Organosilanes are an attractive class of reagent for 

transition metal catalyzed couplings,1 with benefits of 
high stability, ease of preparation, and low toxicity.1g The 
gold-catalyzed2 direct arylation3 of aryltrimethylsilanes 
(1) with π-rich arenes (2) to afford biaryls (3) was first 
reported 2012.4 The reaction can be conducted under air, 
using laboratory grade solvent (CHCl3/MeOH), often at 
ambient temperature, and around 160 examples have 
been published to date.4-8 Mechanistic studies5-7 indicate 
that turnover proceeds via sequential electrophilic 
aromatic aurations (SEAr) of the silane (k4,5), then the arene 
(k5,6), followed by reductive elimination (k6,7) and 
Au(I)/I(III) redox (k7,4) Scheme 1. For the vast majority of 
cases, the turnover-rate limiting event is intermolecular 
C-H arylation (k5,6), proceeding with a first-order kinetic 
dependence on 2 and a negative entropy of activation.5 

Whilst the substrate scope for the coupling has proven 
to be reasonably broad,4-8 ortho-substituted arylsilanes (o-
1) undergo slow intermolecular coupling, requiring 
prolonged reaction times or elevated temperatures, 
Scheme 1.4,5,8b Indeed, a number of examples of hindered 
ortho-substituted arylsilanes fail to couple at all. In 
contrast, substituted arenes (2) can be efficiently coupled, 
even though these must also generate a sterically-
hindered diaryl-gold intermediate, 6. The slow rates of 
arylation of o-1 also contrast other SEAr processes, e.g. 
protodesilylation,9 and mercuridesilylation,10 where 
ortho-substituted arylsilanes react significantly faster 
than predicted based on the inductive effect of the 
substituents alone. Herein we analyze the reactivity of o-

1 in Au-catalyzed arylation and show that efficient 
coupling can be induced by o-functionalization. 

 

 
Scheme 1. General catalytic cycle for Au-catalyzed 
arylation, and comparison of conditions for arylation of 
ortho- versus para-ArSiMe3 (o/p-1).a 

Discussion 
We began by testing how steric hindrance affects the C–

Si auration (k4,5) of the arylsilane, comparing the relative 
rates of a small series of o-alkyl arylsilanes (o-1a-j) under 
catalytic conditions. Conventional competition 
experiments determine relative rates (krel) for a pair of 
substrates by monitoring their ratio as a function of their 
conversion to product. However, this cannot be 
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employed with the many examples of o-1 that do not 
undergo turnover to product. We therefore developed an 
alternative approach that solely analyzes the effect of o-1 
on the kinetics of another substrate that does undergo 
turnover. The intramolecular coupling of 1a to form 
fluorene (3a, Figure 1) proved ideal. 

 
Figure 1. Rate-attenuation analysis to determine krel.a 

In the absence of competitor (o-1), the cyclization of 1a 
to 3a proceeds to completion, with clean pseudo-zero 
order kinetics, in about 15 minutes (2 mol% cat., 21 °C). 
Any factor that causes a decrease in the active catalyst 
concentration over the course of the reaction leads to 
curvature in the temporal concentration profile.11 The rate 
of generation of 3a is thus attenuated by competing C–Si 
auration (k4,5) of o-1. The rate-attenuation depends on the 
reactivity of o-1 (k4,5) and the concentration of o-1, relative 
to 1a. An example analysis for o-1b is shown in Figure 1. 
The onset of rate-attenuation for generation of 3a becomes 
increasingly evident as the inhibitor concentration is 
raised (0, 2.5, 5, 7.5, 10 mol %). Kinetic simulation of the 
evolution of 3a, with inclusion of pre-catalyst activation 
and turnover, see SI, allows extraction of the relative rates 
of C–Si auration (k4,5) for the series o-1b-j, Scheme 2. It is 
notable that all of the examples in the series, including 
sterically hindered o-tBu 1f and 2,6-Me2 1j, undergo more 
rapid C–Si auration (k4,5) than unhindered para-1b. 

 

Scheme 2. Relative rates of C–Si auration (k4,5) for o-1b-j.a 

The acceleration of aryl silane protodesilylation,9 and 
mercuridesilylation,10 by ortho-methyl substituents arises 
from alleviation of ground-state steric strain on approach 
to a pseudo-tetrahedral Wheland intermediate.9,10,12 An 
analogous effect in C–Si auration (k4,5), Figure 2A, may 
explain why o-1b reacts more than twenty-fold faster than 
p-1b (Scheme 2). The similar rates of C–Si auration of the 
ortho-benzyl, -methyl, -ethyl, -isopropyl, and -cyclohexyl 
substrates (o-1a-e) will arise from a combination of effects, 
including access to Ar-CHR2 conformations that 
minimize steric compression with the silane (such a 
conformation is absent in the fastest reacting substrate o-
1f), steric interaction with the incoming Au-electrophile, 
Figure 2B, and steric shielding of the charge-polarized 
Wheland intermediate from solvation. Analogous steric 
interactions attenuate the rate of protodesilylation of 
ArSiR3 species with larger Si-substituents.13 The EtMe2Si 
and Et3Si substrates o-1h,i behave accordingly, Figure 2C. 

 

Figure 2. A. steric decompression during electrophilic 
auration (k4,5) of o-1b. B. Similar reactivities of ortho 
methyl, ethyl, isopropyl and cyclohexyl substrates o-1b-e. 
C. Reduction in reactivity of ArSiMe2Et and ArSiEt3 o-1hi. 

Since the rate attenuation analysis (Scheme 2) shows 
that all of the o-arylsilanes undergo efficient C–Si auration 
(k4,5), the inhibiting effect14 of the ortho-substituent on the 
overall coupling (1 ®6) is therefore not manifest until the 
subsequent step: the C–H auration of o-5 (k5,6). In our 
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previous mechanistic studies on the cyclization of 1a we 
found that, unusually, the turnover-rate limiting event is 
reductive elimination from the corresponding biaryl 
intermediate 6a, leading to pseudo zero-order kinetics 
(Figure 1).6 Consideration of the conformational 
equilibrium around the Ar-Au bond in the mono-aryl 
precursor 5a suggests that a perpendicular arrangement of 
the benzyl group to the square-plane of ligands at gold 
(5aper) will be favored, on steric grounds, over a coplanar 
arrangement (5aco), Figure 3. 

 

Figure 3. Conformations of Ar-Au intermediates (o-5co / o-
5per) leading to arylation (k5,6) and the impact of chelation. 

Arrangement 5aper allows the benzyl group to undergo 
associative p-complexation then C-H auration (k5,6) to 
access the resting state (6a). In contrast to 5a, 
intermediates of the type 5b-f,h-j14 must undergo 
turnover-rate limiting intermolecular associative p-
complexation to effect arylation (k5,6).5,6 Conformer o-5per 
will be significantly less accessible15 to the incoming arene 
(2) than o-5co. Thus, the more sterically imposing the ortho-
substituent, the further the equilibrium (Kco) will biased 
toward o-5per and the greater the suppression of the rate of 
turnover. We have previously shown that the electronic 
influence of m- and p-arylsilane substituents on the rate of 
turnover is negligible (r = –0.2).5 The conformational 
equilibrium (Kco), and steric shielding effect (o-5per) thus 
provides a simple explanation for the five-fold faster 
turnover of p-1b by 2-bromothiophene compared to o-1b, 
Scheme 3. The rate is further suppressed by Et (o-1c), with 
complete inhibition of turnover by tBu (o-1f), despite the 
latter undergoing the fastest C-Si auration (Scheme 2). 

The o-Au-Ar conformational model15 suggests that the 
rate of arylation (k5,6), and thus net rate of turnover,5,6 can 
be accelerated by using chelation to bias the equilibrium 
toward the reactive species, 5co. Introduction of ortho-n-
alkylhydroxy groups (o-1k-n) resulted in an increase in 
turnover rate for intermolecular coupling, reacting 

smoothly at ambient temperature at a similar rate to p-1b, 
Scheme 3. 

 

Scheme 3. Relative rates of intermolecular arylation (k5,6) 
of o-5 by 2-bromothiophene. 

Unsurprisingly, the nature of the tether, e.g. 
coordinating ability, chelate ring size, and substitution 
pattern (steric effects), strongly impacts the rate of 
turnover. Detailed analysis is complex as the overall effect 
will arise though changes in chelate equilibrium (Kco) and 
the efficiency of coordination of the incoming arene (k5,6). 
For example, addition of methyl substituents (o-1o-q) 
does not reduce turnover as much as might be 
anticipated, possibly due to a gem-disubstituent16 effect 
biasing Kco. In contrast, the o-alkoxymethyl series (o-1r-t) 
induce a significant increase in turnover rate, with o-1r 
undergoing coupling >20-fold faster than p-1b. The 
marked difference in turnover rate between pairs of 
alcohols o-1k,n and ethers o-1r,s suggests that shorter 
tether neutral two-electron (L-type) ligation, rather than 
X-type, provides the greater overall activating effect (Kco 
and k5,6). The rates for the trimethylsilyl (o-1k) and 
triethylsilyl (o-1l) substrates were identical, despite o-1k 
undergoing addition (k4,5) to Au approximately 5-fold 
faster than o-1l, Scheme 2. This result is consistent with 
turnover-rate limiting intermolecular arylation (k5,6), i.e. 
both substrates converge on the same aryl-Au 
intermediate (5k = 5l). A selection of the more-efficient 
substrates from Scheme 3 (o-1k; o-1mn; o-1rs) plus a small 
range of other functional groups17 were then explored for 
preparative arylation; isolated yields of the coupling 
products (o-3a-ai; 1 mmol scale) are shown in Scheme 4. 
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Scheme 4. Preparative arylation of o-aryl silanes. 

The majority of the potentially-coordinating ortho-
substituents tested,17 including ethers (o-1u), esters (o-1aa, 
o-1ab), a carbamate (o-1z), various sulfur-containing 
functional groups (o-1v-x), and a phosphine oxide, (o-1y) 
induced efficient intermolecular coupling, at ambient 
temperature. A small number of ortho-substituents that 
were tested underwent competing solvolysis, 
protodesilylation, or oxidation under the arylation 
conditions; see the SI for details. Hindered arenes 
underwent slow (o-3ah) or no reaction (o-3ai). When two 
silyl groups are present in the substrate (o-1ac), coupling 
is selective for the more-reactive ortho-silyl group, 
yielding o-3ac; the meta-arylated isomer could not be 
detected.18 

Conclusions 
In prior studies, ortho-substituted arylsilanes have been 

found to undergo slow intermolecular arylation under 
oxidative gold catalysis, usually requiring high 
temperatures and prolonged reactions times,4-8 with some 

substrates failing to turn-over at all. Herein, we employed 
rate-attenuation analysis,11 Figure 1, to confirm that the C-
Si auration step (k4,5) is significantly accelerated by 
substitution at the ortho-position, even with sterically-
demanding substituents, Scheme 2. The effect is 
analogous to other SEAr reactions of ortho-arylsilanes, 
where there is alleviation of steric strain upon formation 
of the Wheland intermediate.9,10,12,13 

The marked reduction, or complete inhibition, of 
turnover by simple ortho substituents (e.g. o-1f, Scheme 3) 
arises from the impact of the substituent on the 
subsequent C-H auration step (k5,6). A model involving 
two conformations of the aryl-Au intermediate 5, with 
steric shielding15 arising in the dominant conformer 5co, 
Figure 3, accounts for the inhibiting effect of o-alkyl 
substituents.14 Based on the model, ortho-chelation should 
increase the population of the reactive co-planar 
conformer 5co. A diverse range of synthetically-useful 
functional groups allow the arylated products to be 
obtained in good yield (Scheme 4). Of the carefully 
selected range17 of functional groups tested, short-
chained methyl ethers, e.g. o-1r-u, induced the fastest 
rates of arylation. 

The above observations regarding the importance of 
Ar-Au conformation in the Au-catalyzed oxidative 
arylation of aryl silanes (Scheme 1), and the ability to bias 
this by chelation (Scheme 3) can be applied in the analysis 
and development of the wide range of other catalyzed 
reactions involving aryl-gold intermediates.2,19 

AUTHOR INFORMATION 
Corresponding Author 
* guy.lloyd-jones@ed.ac.uk 

Funding Sources 
The research leading to these results has received funding 
from the European Research Council under the European 
Union's Seventh Framework Programme (FP7/2007-2013) / 
ERC grant agreement n° [340163]. 

ASSOCIATED CONTENT  
Supporting Information. Additional discussion, experi-
mental procedures, kinetic data and simulations, substrate 
and product characterization data and NMR spectra. This 
material is available free of charge via the Internet at 
http://pubs.acs.org. 

ACKNOWLEDGMENT  
We thank AstraZeneca and CatSci for support. 

REFERENCES 
(1) a) Hatanaka, Y.; Fukushima, S.; Hiyama, T. Selective Syn-

thesis of Unsymmetrical Biaryls via Palladium-Catalyzed 
Cross-Coupling of Arylfluorosilanes with Aryl Iodides. 
Chem. Lett. 1989, 18, 1711–1714; b) Hatanaka, Y.; Hiyama, 

SiMe3
R

Ar OMe

SiMe3

73%

S

Br

Ar OMe

90%

Ar
OMe

95%

Ar

O

t-Bu

91%

Ar

OH

Ar
OH

Ar OH

78%b,c,d 79%b,e 80%

Ar
CO2Me

51%

Ar

OPiv

83%

Ar
S

Me

O

75%

Ar
S

Me

OO Ar
S

NEt2

O

86%

O Ar
PPh2

O

80%

Ar
O NEt2

O

77%

79%

Ar OMe
Me

70%b,f

[a] [hydroxy(camphorsulfonyloxy)iodo]benzene [b] 2 equiv 2-bromothiophene; [c] With 1 
equiv 2-bromothiophene 60% yield; [d] Triethylsilyl analogue o-1l gave 67% yield; [e] 
With 1 equiv 2-bromothiophene 54% yield; [f] Purity estimated to be 90% by 1H NMR. [g] 
no products detected, other than initial bromodesilylation of o-1r, after 40 h.

SiMe3

OMe

o-1r

thtAuBr3 (2 mol%)
HCIB (1.3 equiv)a

CHCl3 / MeOH (50:1)
21 °C, (time)

R

2-Br-thiophene
(1 equiv.)

o-3k o-3m o-3n o-3r o-3s

o-3u o-3v o-3w o-3x o-3y

o-3z o-3aa o-3ab o-3ac o-3ad

o-1 o-3

Me

thtAuBr3 (2 mol%)
HCIB (1.3 equiv)a

CHCl3 / MeOH (50:1)
21 °C, (time)

(16 h.) (12 h.) (16 h.) (1 h.) (10 h.)

(12 h.) (16 h.)(16 h.)(16 h.) (16 h.)

(16 h.) (16 h.) (16 h.) (10 h.) (16 h.)

OMe

Me

77%
o-3ag

OMe

Me

31%
o-3ah

OMe

Me

MeMe

0%
o-3ai

S

Br

OMe

83%
o-3af

S

Br

OMe

76%
o-3ae

Br

Br

Ar

OMe

Ar-H  (1 equiv.)

(16 h.) (12 h.) (24 h.) (36 h.) g

MeMe

Page 4 of 6

ACS Paragon Plus Environment

ACS Catalysis

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



 

T. Highly Selective Cross-Coupling Reactions of Organo-
silicon Compounds Mediated by Fluoride Ion and a Palla-
dium Catalyst. Synlett 1991, 845–853; c) Denmark, S. E.; Re-
gens, C. S. Palladium-Catalyzed Cross-Coupling Reactions 
of Organosilanols and Their Salts: Practical Alternatives to 
Boron- and Tin-Based Methods. Acc. Chem. Res. 2008, 41, 
1486–1499; d) Denmark, S. E.; Ambrosi, A. Why You Really 
Should Consider Using Palladium-Catalyzed Cross-Cou-
pling of Silanols and Silanolates. Org. Process Res. Dev. 
2015, 19, 982-994; e) Tamao, K.; Kobayashi, K.; Ito, Y. Palla-
dium-Catalyzed Cross-Coupling Reaction Of Alkenyl-
alkoxysilanes With Aryl and Alkenyl Halides in the Pres-
ence of a Fluoride. Tetrahedron Lett. 1989, 30, 6051–6054; f) 
Komiyama, T.; Minami, Y.; Hiyama, T. Recent Advances in 
Transition-Metal-Catalyzed Synthetic Transformations of 
Organosilicon Reagents. ACS Catal. 2017, 7, 631–651; g) 
Franz, A. K.; Wilson, S. O. Organosilicon Molecules with 
Medicinal Applications. J. Med. Chem. 2013, 56, 388–405. 

(2) For selected recent examples of stoichiometric and cata-
lytic reactions involving aryl-gold intermediates see: a) 
Chakrabarty, I.; Akram, M. O.; Biswas, S.; Patil, N. T. Visi-
ble Light Mediated Desilylative C(Sp2)–C(Sp2) Cross-Cou-
pling Reactions of Arylsilanes with Aryldiazonium Salts 
Under Au(I)/Au(III) Catalysis. Chem. Commun. 2018, 54, 
7223–226; b) Harper, M. J.; Arthur, C. J.; Crosby, J.; Emmett, 
E. J.; Falconer, R. A.; Fensham-Smith, A. J.; Gates, P. G.; 
Leman, T.; McGrady, J. E.; Bower, J. F.; Russell, C. A. Oxi-
dative Addition, Transmetalation, and Reductive Elimina-
tion at a 2,2′-Bipyridyl-Ligated Gold Center. J. Am. Chem. 
Soc. 2018, 140, 4440–4445; c) Carrillo-Arcos, U. A.; Porcel, 
S. Gold Promoted Arylative Cyclization of Alkynoic Acids 
with Arenediazonium Salts. Org. Biomol. Chem. 2018, 16, 
1837–1842; d) Akram, M. O.; Shinde, P. S.; Chintawar, C. 
C.; Patil, N. T. Gold(I)-Catalyzed Cross-Coupling Reac-
tions of Aryldiazonium Salts with Organostannanes. Org. 
Biomol. Chem. 2018, 16, 2865–2869; e) Rochigiani, L.; Fer-
nandez-Cestau, J.; Budzelaar, P. H. M. Bochmann, M. Re-
ductive Elimination Leading to C−C Bond Formation in 
Gold(III) Complexes: A Mechanistic and Computational 
Study. Chem. Eur. J. 2018, 24, 8893–8903; f) Hofer, M.; 
Genoux, A.; Kumar, R.; Nevado, C. Gold-Catalyzed Direct 
Oxidative Arylation with Boron Coupling Partners. An-
gew. Chem. Int. Ed. 2017, 56, 1021–1025; g) Gauchot, V.; 
Sutherland D. R.; Lee, A.-L. Dual Gold and Photoredox 
Catalysed C–H Activation of Arenes for Aryl–Aryl Cross 
Couplings. Chem. Sci, 2017, 8, 2885–2889; h) Rekhroukh F.; 
Blons C.; Estévez, L.; Mallet-Ladeira, S.; Miqueu, K.; 
Amgoune, A.; Bourissou. D. Gold(III)–Arene Complexes 
by Insertion of Olefins Into Gold–Aryl Bonds. Chem. Sci, 
2017, 7, 4539–4545; i) Serra, J.; Parella, T.; Ribas. X. Au(III)-
Aryl Intermediates in Oxidant-Free C–N and C–O Cross-
Coupling Catalysis. Chem. Sci, 2017, 7, 946–952; j) Harper, 
M. J.; Emmett, E. J.; Bower, J. F.; Russell, C. A. Oxidative 
1,2-Difunctionalization of Ethylene via Gold-Catalyzed 
Oxyarylation. J. Am. Chem. Soc. 2017, 139, 12386–12389; k) 
Kang, K.; Liu, S.; Xu, T.; Wang, D.; Leng, X.; Bai, R.; Lan, 
Y.; Shen, Q. C(sp2)–C(sp2) Reductive Elimination from 
Well-Defined Diarylgold(III) Complexes. Organometallics, 
2017, 36, 4727–4740; l) Sauer, C.; Liu, Y.; A. De Nissi, Protti, 
S.; Fagnoni, M.; Bandini, M. Photocatalyst-free, Visible 

Light Driven, Gold Promoted Suzuki Synthesis of (Het-
ero)biaryls. ChemCatChem, 2017, 9,  4456–4459. 

(3) For reviews on direct arylation, see: a) Liu, C.; Yuan, J.; 
Gao, M.; Tang, S.; Li, W.; Shi, R.; Lei, A. Oxidative Cou-
pling between Two Hydrocarbons: an Update of Recent C–
H Functionalizations. Chem. Rev. 2015, 115, 12138–12204; b) 
Yamaguchi, J.; Yamaguchi, A. D.; Itami, K. C–H Bond 
Functionalization: Emerging Synthetic Tools for Natural 
Products and Pharmaceuticals. Angew. Chem. Int. Ed. 2012, 
51, 8960–9009; c) Ackermann, L. Carboxylate-Assisted 
Transition-Metal-Catalyzed C−H Bond Functionalizations: 
Mechanism and Scope. Chem. Rev. 2011, 111, 1315–1345; d) 
Lyons, T. W.; Sanford, M. S. Palladium-Catalyzed Ligand-
Directed C−H Functionalization Reactions. Chem. Rev. 
2010, 110, 1147–1169; e) Ackerman, L.; Vicente, R.; Kapdi, 
A. R. Transition-Metal-Catalyzed Direct Arylation of (Het-
ero)Arenes by C–H Bond Cleavage. Angew. Chem. Int. Ed. 
2009, 48, 9792–9826; f) McGlacken, G. P.; Bateman, L. M. 
Recent Advances In Aryl–Aryl Bond Formation By Direct 
Arylation. Chem. Soc. Rev. 2009, 38, 2447–2464. 

(4) Ball, L. T.; Lloyd-Jones, G. C.; Russell, C. A. Gold-Cata-
lyzed Direct Arylation. Science 2012, 337, 1644–1648. 

(5) Ball, L. T.; Lloyd-Jones, G. C.; Russell, C. A. Gold-Cata-
lyzed Oxidative Coupling of Arylsilanes and Arenes: 
Origin of Selectivity and Improved Precatalyst. J. Am. 
Chem. Soc. 2014, 136, 254–264.  

(6) Corrie, T. J. A.; Ball, L. T.; Russell, C. A.; Lloyd-Jones, G. C. 
Au-Catalyzed Biaryl Coupling To Generate 5- to 9-Mem-
bered Rings: Turnover-Limiting Reductive Elimination 
versus π-Complexation. J. Am. Chem. Soc. 2017, 139, 245–
254.  

(7) Corrie, T. J. A.; Lloyd-Jones, G. C. Formal Synthesis of (±)-
Allocolchicine Via Gold-Catalysed Direct Arylation: Impli-
cation of Aryl Iodine(III) Oxidant in Catalyst Deactivation 
Pathways. Top. Catal. 2017, 60, 570–579. 

(8) a) Hata, K.; Ito, H.; Segawa, Y.; Itami, K. Pyridylidene Lig-
and Facilitates Gold-Catalyzed Oxidative C–H Arylation 
of Heterocycles. Beilstein J. Org. Chem. 2015, 11, 2737–2746; 
b) Hua, Y.; Asgari, P.; Avullala, T.; Jeon, J. Catalytic Reduc-
tive ortho-C−H Silylation of Phenols with Traceless, Versa-
tile Acetal Directing Groups and Synthetic Applications of 
Dioxasilines. J. Am. Chem. Soc. 2016, 138, 7982–7991; c) 
Cresswell, A. J.; Lloyd-Jones, G. C. Room-Temperature 
Gold-Catalysed Arylation of Heteroarenes: Complementa-
rity to Palladium Catalysis. Chem. Eur. J. 2016, 22, 12641–
12645. 

(9) a) Benkeser, R. A.; Krysiak, H. R. Electrophilic Substitution 
by Hydrogen in the Xylenes. The Kinetics of Acid Cleavage 
of the Trimethylsilylxylenes. J. Am. Chem. Soc. 1954, 76, 
6353–6358; b) Eaborn, C.; Walton, D. R. M.; Young, D. J. 
Aromatic Reactivity. Part XXXVIII. Protodesilylation of 
1,2-Dihydrobenzocyclobutene, Indan, and Tetralin. J. 
Chem. Soc. B 1969, 12–15. 

(10) Benkeser, R. A.; Hoke, D. I.; Hickner, R. A. A New Method 
for Determining the Reactivity of a Particular Ring Position 
in an Aromatic System. J. Am. Chem. Soc. 1958, 80, 5294–
5297. 

(11) Catalyst inhibition by co-reaction with substrate analogs 
has been extensively applied as a mechanistic tool in enzy-
mology. For the principles of the experiment and various 

Page 5 of 6

ACS Paragon Plus Environment

ACS Catalysis

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



 

methods of analysis, see: Segel, I. H. In Enzyme Kinetics: Be-
havior and Analysis of Rapid Equilibrium and Steady-State En-
zyme Systems; Wiley-Interscience: New York, 1993; p793. 

(12) Eaborn, C. Cleavages of Aryl-silicon and Related Bonds by 
Electrophiles. J. Organomet. Chem. 1975, 100, 43–57. 

(13) Bott, R. W.; Eaborn, C.; P.M. Jackson. Organosilicon Com-
pounds XXXIX. Effects of Varying R on the Rate of Acid 
Cleavage of p-MeOC6H4SiR3 Compounds. J. Organomet. 
Chem. 1967, 7, 79–83. 

(14) The inhibition induced by the phenyl-bearing example o-
1g arises through generation of an isolable cycloaurate, see 
reference 5. 

(15) A steric-shielding effect by ortho-aryl substituents has been 
inferred in square planar complexes of the M2+ group 10 
metals, see: a) Chatt, J.; Shaw, B. L. Alkyls and Aryls of 
Transition Metals. Part III. Nickel (II) Derivatives. J. Chem. 
Soc. 1960, 1718–1729; b) Basolo, F.; Chatt, J.; Gray, H. B.; 
Pearson, R. G.; Shaw, B. L. Kinetics of the Reaction of Alkyl 
and Aryl Compounds of the Nickel Group with Pyridine. 
J. Chem. Soc. 1961, 2207–2215. 

(16) For a detailed review see Jung, M. E.; Piizzi, G. Gem-Di-
substituent Effect: Theoretical Basis and Synthetic Appli-
cations. Chem. Rev. 2005, 105, 1735–1766. 

(17) A number of the more orthodox 'directing' groups, such as 
amines, imines, thiols, etc. were not tested due to know in-
compatibility with the oxidative acidic and solvolytic reac-
tion conditions (ArIX2; CSA; MeOH). 

(18) Complete regioselectivty for ortho-substituted arylsilanes 
has also been noted in other electrophilic desilylations: a) 
Bennetau, B.; Krempp, M.; Dunogues, J.; Ratton, S. Une 
Voie Originale et Selective de Fonctionnalisation en Posi-
tion Ortho du Fluoro- ou de L’Ethylbenzene.Tetrahedron 
Lett. 1990, 31, 6179–6182; b) Bennetau, B.; Krempp, M.; Du-
noguès, J.; Ratton, S. Une Voie Originale et Selective de 
Fonctionnalisation en Position Meta du Fluoro- et de 
L’Ethylbenzene. Tetrahedron 1990, 46, 8131. 

(19) Whilst it is not clear whether an Ar-Au intermediate is in-
volved in the gold-catalyzed oxyarylation of terminal al-
kenes by arylsilanes, it is of note that o-1m reacts more ef-
ficiently than o-1b, see: a) Ball, L. T.; Green, M; Lloyd-Jones, 
G. C.; Russell, C. A. Arylsilanes: Application to Gold-Cat-
alyzed Oxyarylation of Alkenes. Org. Lett 2010, 12, 4724–
4727; b) Brenzovich, Jr. W. E.; Brazeau, J.-F.; Toste, F. D. 
Gold-Catalyzed Oxidative Coupling Reactions with Ar-
yltrimethylsilanes. Org. Lett 2010, 12, 4728. 

 
 

Table of Contents Graphic 

 

Au X
X

L

R

Au X
R

X

fast

R

S Br S
Br

krel = 1slow R = Me

H

krel = 190R = OMe

Page 6 of 6

ACS Paragon Plus Environment

ACS Catalysis

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60


