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ABSTRACT: Two series of sterically encumbered gold(I)-acyclic diaminocarbene (ADC) complexes were prepared by reaction of 
mono- and dialkylamines with gold-bound 2-mesitylphenyl isocyanide (monomesityl series) and 2,6-dimesitylphenyl isocyanide 
(dimesityl series). X-ray crystal structures and solution 1H NMR data showed that the ADC-gold complexes adopt major rotameric 
conformations with the bulky biaryl/terphenyl group and one alkyl group located syn to gold. This engenders substantial steric hin-
drance at the metal, as evidenced by percent buried volume (%Vbur) parameters of 35.7 – 37.2 for the monomesityl series and 46.4 – 
52.4 for the dimesityl series. Modest out-of-plane distortions of the ADC N-substituents in the dimesityl series were attributed to 
attractive CHꞏꞏꞏπ interactions between alkyl groups and mesityl rings on the basis of dispersion-corrected density functional theory 
calculations.  Gold-catalyzed regiodivergent domino cyclization/hydroarylation reactions of a 1,6-enyne with indole revealed that the 
bulky biaryl/terphenyl substituents of the ligands exert a strong influence on product selectivity, with the bulkier dimesityl ADC-Au 
catalysts inducing a shift away from the cyclopropane-fused product toward the normally disfavored alkene product. Incorporation 
of a yet bulkier bis(2,6-diisopropylphenyl)-substituted terphenyl moiety into the ADC led to a gold catalyst that provided exclusive 
selectivity for the alkene product. Computational modeling suggested that bulky terphenyl groups hinder attack at the  carbon in the 
initially formed organogold intermediate, allowing steric effects to override the intrinsic electronic preference for the cyclopropane 
product. 

INTRODUCTION  
Gold(I) catalysts have garnered increasing attention from 

synthetic organic chemists in recent years due to their ability to 
generate complex molecular structures, including polycyclic 
carbo- and heterocycles, from readily accessible precursors.1  
Most gold-catalyzed reactions occur via initial π-activation of 
unsaturated bonds toward attack by internal or external nucleo-
philes, often followed by intricate further transformations.2  
These reactions are often susceptible to regiodivergent mecha-
nistic pathways that lead to mixtures of isomeric products.2a,3  
In order to make these transformations synthetically useful, cat-
alysts that selectively favor one isomeric product over another 
are highly desirable.4  A number of studies have demonstrated 
that the regioselectivities of gold-catalyzed processes can be 

tuned by varying the ligand attached to gold.5,6  Although ligand 
electronic effects are often invoked in these studies,7 the inter-
play of ligand donicity with steric and other factors in gold ca-
talysis has not been widely investigated,8 limiting chemists’ 
ability to rationally control selectivity in gold catalysis.9,10 

Ligand scaffolds with readily modified structural features 
offer promise for harnessing ligand effects to achieve selective 
gold catalysis.  Acyclic diaminocarbenes (ADCs), also known 
as nitrogen acyclic carbenes (NACs), represent a relatively un-
derdeveloped ligand platform that could be useful in this re-
gard.11  Although ADCs can be synthesized and metalated by 
several routes,11b their formation via metal-templated addition 
of protic nitrogen nucleophiles to isocyanides has special ad-
vantages for catalyst tuning and optimization, as both the amine 
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and isocyanide components can be widely varied to generate 
structurally diverse arrays of ADC ligands (Figure 1).12  We and 
others have utilized this approach to prepare libraries of ADC 
complexes for catalyst screening and optimization, with a focus 
on palladium(II)13 and gold(I)14  As well as being catalytically 
versatile, these metal ions are sufficiently electrophilic to acti-
vate isocyanides toward nucleophilic attack by amines under 
mild conditions, resulting in ADCs that are sufficiently robust 
to serve as ancillary ligands.9a,12,15  This approach to catalyst 
discovery has yielded some notable successes, including several 
palladium cross-coupling catalysts that display high air/mois-
ture stability13a and/or very high turnover numbers,13b,e and a 
number of highly enantioselective chiral gold(I)-ADC cata-
lysts.14e-h  In addition, a few promising hints of regioselectivity 
control have been reported for gold catalysts with ADC lig-
ands.14a,b,16-18 

 

 

Figure 1.  Pertinent features of ADC ligands for catalysis 

 

Discussions of the advantages of ADCs as ligands for ca-
talysis have typically focused on their unique electronic proper-
ties.  ADCs are believed to be stronger σ-donors than the related 
and widely studied cyclic diaminocarbenes (N-heterocyclic car-
benes, NHCs)19 as a result of their larger N-C-N angles and con-
comitantly reduced HOMO s-character,20 but they also possess 
increased π-acceptor capability.21,22  Another important conse-
quence of the larger N-C-N angles of ADCs is that nitrogen sub-
stituents are placed closer to the metal (Figure 1), potentially 
engendering increased influence on the reactivity of a bound 
substrate through steric and/or noncovalent interactions.  This 
structural feature has likely contributed to the success of chiral 
ADC ligands in achieving high enantioselectivities in certain 
gold-catalyzed transformations, despite the 180° bond angle 
separating the chiral ligand from the substrate binding site.14e-h 

Given these considerations, we viewed ADC ligands as a 
promising platform for the construction of highly encumbered 
carbene ligands that could potentially exert steric influences on 
selectivity in gold catalysis.  Ligand steric effects have received 
less attention than electronic effects in gold catalysis,7-8 alt-
hough a number of reports in the literature suggest that they can 
positively influence both selectivity and activity.  Evidence for 
ligand-based steric control of diastereoselectivity23 or regiose-
lectivity6e,k,n,24 in gold-catalyzed reactions has been reported in 
a few notable studies.  Sterically encumbered biaryl- and 
bis(biaryl)phosphine ligands have been shown to provide 
higher turnover numbers (TON) and/or turnover frequencies 
(TOF) compared with less bulky ligands in gold-catalyzed nu-
cleophilic additions to alkynes,25 presumably by preventing for-
mation of off-cycle geminally diaurated species.26  The steri-
cally encumbered NHC ligands IMes and IPr, characterized by 
large percent buried volume parameters (%Vbur)27,28  of 36.5 and 
45.6 (Chart 1a), are widely used in gold catalysis and have en-
abled some of the best reported activities5b,29 and selectivi-
ties.6d,h,30  Gold complexes of NHC and related cyclic  

Chart 1.  Representative examples of sterically encumbered 
(di)aminocarbene ligands 
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alkylaminocarbene (CAAC) ligands with greatly enhanced ste-
ric hindrance (%Vbur > 50), such as IPr*,31 IPr**,32 ITr,33 and 
CAAC-menth34 (Chart 1b), have been prepared, but investiga-
tions of their use in catalysis have so far been limited.31b,32b,35  
Hong and co-worker have provided precedent for highly bulky 
ADC ligands and their use in gold catalysis (Chart 1c),16 alt-
hough these were prepared from amidinium precursors rather 
than by the isocyanide route.  Notably, the steric profile of 
Hong’s Ad2Ph2ADC gold complex (%Vbur 45.7) is comparable 
to that of IPr.36  Both Ad2Ph2ADC and t-Bu2Ph2ADC exhibit 
severe out-of-plane distortions of the ADC N-substituents in 
their L-AuCl complexes, and it was proposed that these distor-
tions influence selectivity in regiodivergent catalysis.16 

The isocyanide-based synthetic route offers potential ad-
vantages for the synthesis of very bulky ADC ligands.  Syn-
thetic routes based on deprotonation of formamidinium precur-
sors can suffer from undesired side reactions of the relatively 
unstable free acyclic carbenes,37 even when the carbene is pro-
tected by bulky groups.38  In addition, synthetic routes to forma-
midinium ions from chloroiminium precursors are hampered by 
non-removable ammonium salt byproducts,38a,39 and routes in-
volving alkylation of N,N′-disubstituted formamidines are only 
feasible with methyl electrophiles,18e,39-40 limiting the degree of 
steric bulk that can be attained.  Hong’s synthesis of amidinium 
precursors to Ad2Ph2ADC and t-Bu2Ph2ADC (Chart 1c) by re-
action of chloroiminium salts with RN(SiMe3)Ph obviates the 
problem of ammonium salt byproducts, but this procedure is 
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still predicated on the stability of the free carbene and has seen 
limited application.16  Previous work suggests that the isocya-
nide route can tolerate significant steric encumbrance:  several 
gold(I)-ADC complexes have been prepared from sterically 
hindered primary or secondary amines and correspondingly 
bulky isocyanides, as shown by the representative examples in 
Chart 1d.14b,d  To the best of our knowledge, the t-Bu2H2ADC 
ligand14d exhibits the largest reported %Vbur (44.3)28 of any 
structurally characterized ADC-AuI complex yet prepared by 
this synthetic route. 

A possible limitation of this approach is highlighted by 
previous studies showing that a high degree of steric strain in 
ADC ligands containing N-H groups can result in reversion of 
the carbene into amine and metal-isocyanide fragments.41  Thus, 
achieving pronounced steric bulk comparable to that of IPr or 
Hong’s Ad2Ph2ADC using the isocyanide route could be prob-
lematic.  We hypothesized that the use of bulky biaryl42 or meta-
terphenyl43 moieties as ligand building blocks could facilitate 
construction of new ADC ligands that have high levels of steric 
hindrance but avoid a detrimental degree of ligand distortion.  
These sterically encumbering aromatic ligand scaffolds can 
shield a significant portion of the coordination sphere, yet min-
imize severe intra-ligand or ligand-metal-ligand steric repul-
sions that could destabilize the ADC ligand by removing most 
of the steric bulk from the ligand plane.   

Herein, we report a new family of sterically encumbered 
biaryl and terphenyl ADC-gold(I) complexes, some of which 
are characterized by extraordinarily large %Vbur parameters 
(%Vbur> 50).  Steric tuning of the ADC ligands by variation of 
the biaryl/terphenyl and amine components has been shown to 
engender steric control of selectivity in a regiodivergent gold-
catalyzed 1,6-enynye cyclization/indole addition reaction.6c,d  In 
addition, rational modification of the steric bulk on the ADC 
ligand resulted in exclusive selectivity for the hydroarylation 
product resulting from remote attack of indole, overriding the 
intrinsic electronic preference for the isomeric product arising 
from indole attack alpha to gold. 

RESULTS AND DISCUSSION  
Syntheses.  As synthons for highly bulky biaryl- and ter-

phenyl-based ADC ligands, we initially chose 2-mesitylphenyl 
isocyanide 1 and 2,6-dimesitylphenyl isocyanide 2 (Scheme 1).  
These compounds were readily prepared from 2-bromoaniline 
and 2,6-dibromoaniline by a Suzuki coupling/formylation/de-
hydration sequence, following a procedure originally reported 
by Nagashima for related derivatives.44  Figueroa’s group has 
extensively developed the coordination chemistry of 2 and re-
lated bulky meta-terphenyl isocyanides as a means of stabiliz-
ing a variety of metals in low oxidation states and low coordi-
nation numbers.45  Isocyanides 1 and 2 have not been previously 
utilized as precursors to carbene ligands. 

The gold(I) chloride adducts of 1 and 2 were readily ob-
tained via ligand substitution reactions with Au(THT)Cl46 
(Scheme 1).  The different degree of steric shielding provided 
by the two isocyanides is evident in the solid-state structures of 
their complexes (Figure 2).  o-Mesitylphenyl isocyanide com-
plex 3 aggregates via aurophilic interactions47 into cyclic te-
tramers, characterized by puckered-square Au4 rings with 
AuꞏꞏꞏAu distances of 2.25 – 2.31 Å (Figure 2a).48  By contrast, 
complex 4 forms two distinct crystalline polymorphs, both of 
which exhibit reduced aurophilic contacts.  One polymorph (4a) 
is monomeric (shortest AuꞏꞏꞏAu distance 6.9 Å), and the other 

(4b) contains weak aurophilic dimers with AuꞏꞏꞏAu distances 
of 3.28 Å (Figure 2b).  The increased bulk of the 2,6-dimesityl 
isocyanide ligand evidently blocks further aggregation of the 
dimers in 4b. 

 

Scheme 1.  Synthesis of Sterically Encumbered Gold(I)-
ADC Complexes 

 

 

 

Figure 2.  X-ray structures of Au(isocyanide)Cl complexes, show-
ing assembly of 3 into tetramers (a) and 4 into dimers (b, poly-
morph 4a) through aurophilic interactions.  Selected bond dis-
tances:  (a) 3, Au1-Au1′ 3.254 Å, Au1-Au2 3.290 Å, Au2-Au2′ 
3.290 Å; (b) 4a, Au1-Au2 3.276 Å.  For details of a second, crys-
tallographically independent tetramer in the structure of 3 and a 
second polymorph of 4 (4b), see the Supporting Information.
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Figure 3.  Ellipsoid plots (50% probability) and steric contour maps of the monomesityl and dimesityl series of Au(ADC)Cl complexes, 
derived from X-ray structures.  Steric maps are drawn with Au,Cl and H atoms removed, and show only the portion of the ligand within the 
3.5 Å radius sphere used to calculate %Vbur values. The overall %Vbur value for 6c is an average for two crystallographically independent 
molecules in the crystal structure; the plot and quadrant %Vbur values depict only one of the two molecules (see the Supporting Information) 
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Table 1. Selected Bond Distances, Angles, and Torsion Angles for Au(ADC)Cl Complexes 

 5a† 5c 5d 6a 6b 6ca 6d 

Distances (Å)        

Au-Ccarbene 1.991(2) 2.006(2) 2.005(2) 1.979(6) 1.984(2) 1.992(3) 2.001(2) 

Au-Cl 2.2911(5) 2.2920(4) 2.2909(4) 2.298(2) 2.2876(5) 2.2846(8) 2.2928(5) 

Ccarbene-N1 1.326(3) 1.334(2) 1.328(2) 1.326(7) 1.330(3) 1.332(4) 1.334(2) 

Ccarbene-N2 1.340(3) 1.348(2) 1.349(2) 1.329(7) 1.345(3) 1.343(4) 1.345(2) 

        

Angles (°)        

N1-C1-N2 115.7(2) 117.7(2) 116.8(2) 114.8(5) 115.1(2) 117.5(3) 119.2(2) 

Au-C1-N1 122.9(2) 121.7(1) 123.5(1) 122.8(4) 125.4(2) 123.3(2) 123.2(1) 

Au-C1-N2 121.3(2) 120.6(1) 119.6(1) 122.3(4) 119.3(1) 119.2(2) 117.4(1) 

yaw angleb 0.8(1) 0.55(7) 1.95(7) 0.3(3) 3.1(1) 2.1(1) 2.90(7) 

        

ADC substituent tor-
sion angles (°) 

       

N1-C1-N2-C11 174.1(2) 176.4(2) 176.8(2) 177.2(5)c 166.8(2) 164.1(3) 166.5(2)c 

N2-C1-N1-C2 -172.8(2) 176.6(2) 177.2(2) -179.8(5)c 170.3(2) -172.0(3) -169.8(2)c 

        

Aryl dihedral from 
NCN plane (°)d 

130.9 124.5 129.9 93.9 109.3 96.3, 85.0e 83.7 

        

C11 deviation from 
NCN plane (Å) 

0.120(4) 0.078(3) 0.065(3) 0.059(10) 0.271(4) 0.330(4) 0.286(3) 

a6c has two independent molecules per asymmetric unit; listed structural parameters are averages for the two distinct molecules, except as 
noted. bYaw angle = [(Au-C1-N1)-(Au-C2-N2)]/2 (ref. 49). cSign of torsion angle reversed for ease of comparison with other complexes.  
dAngles >90° signify that top of aryl ring (C12) is tilted away from Au.  eDihedral angles shown separately, as they differ for the two 
crystallographically independent molecules. 

 

Both (isocyanide)gold(I) complexes reacted cleanly with a 
series of four primary and secondary alkyl amines of varying 
steric encumbrance [iPrNH2, t-BuNH2, iPr(Me)NH, and 
iPr2NH] upon heating at 40 °C for 4-6 h in chloroform, afford-
ing two new series of AuI(ADC)Cl complexes (Scheme 1).  
These are referred to herein as the monomesityl series (5a-d) 
and the dimesityl series (6a-d). 

Structural and steric features of ADC ligands.  X-ray 
crystal structures were obtained for all of the new AuI(ADC)Cl 
complexes except 5b, which did not form suitable crystals (Fig-
ure 3, Table 1).  The ADC ligands in all seven structurally char-
acterized complexes adopt similar stereoisomeric confor-
mations, with the bulky aryl substituent on the isocyanide-de-
rived nitrogen atom oriented syn to gold.  For the ADCs synthe-
sized from unsymmetrical amines (i.e. all except 5d and 6d), 
the larger of the two N-substituents on the amine-derived nitro-
gen atom is also located syn with respect to gold.  Thus, the 
bulkiest parts of the ADC ligands are well positioned to impart 
steric shielding to the metal center as judged by the solid-state 
structures.   

However, 1H NMR spectroscopy revealed that two confor-
mational isomers are present in CD2Cl2 solution for most of the 
Au-ADC complexes (Table 2).  Only one conformer is observed 
for 5d, 6c, and 6d; complexes 5a, 5c, 6a and 6b all exhibit two 
conformers, denoted A and B.  A 1D-EXSY experiment with 

5a (see the Supporting Information) indicated that the two con-
formers are in a dynamic equilibrium at 25 °C, consistent with 
the well-known propensity of N-substituents in ADC ligands to 
undergo rapid exchange via hindered rotation about the C-N 
bonds.14d,20a  The minor conformer (B), which is proposed to 
have the smaller amine substituent syn to gold, is only signifi-
cant in the monomesityl ADC complexes derived from primary 
amines (5a,b), where its concentration in solution is ~50-80% 
that of A by 1H NMR integration.  For the other complexes, in-
cluding the dimesityl ADCs derived from primary amines 
(6a,b), conformer B constitutes only up to 5-6% of the total 
concentration.  Since the major conformer A corresponds to the 
geometry observed in the X-ray structures, the significant steric 
shielding evident in the solid state is likely to be a close reflec-
tion of the steric properties of the ADC ligands in solution for 
most of the complexes. 

Complex 5b is unique in this series in showing evidence of 
four different conformers in CD2Cl2 solution, including two in 
which the bulky biaryl group is in the “upper” position of the 
ADC ligand (see the Supporting Information).  This is attributed 
to the bulky tert-butyl substituent, which is proposed to lower 
the barrier for hindered rotation about the Ccarbene-N bonds 
through destabilizing steric interactions. 

The (di)alkylamine units of the ADC ligands appear to ex-
ert subtly greater steric pressure within the Au-carbene plane 
than the bulky biaryl- or terphenyl groups, as judged by the 
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slightly larger Au-C-N angles on the alkyl side (Au-C-N1, Table 
1).  This results in modest “yaw” angles49 (Figure 4, Table 1) of 
0.25 – 3.1° that push the bulky mesityl groups toward the gold 
centers.  The slightly lesser steric pressure on the biaryl/ter-
phenyl side of the ADCs can be attributed to the placement of 
the mesityl groups at the aryl ortho positions, which removes 
most of their substantial bulk from the Au-carbene plane. 

Two of the monomesityl (ADC)AuCl complexes exist as 
aurophilic dimers in the solid state (5a,d; see Figure 5), whereas 
all of the dimesityl ADC complexes are monomeric.  This pro-
vides further evidence of significantly larger steric hindrance in 
the dimesityl series of ADC ligands, as aurophilic interactions 
require a fairly close approach (typically ≤3.5 Å) of the two 
gold atoms.47 

 

Table 2.  Equilibrium Ratios of Au(ADC)Cl Conformers in 
CD2Cl2 Solution 
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dimesityl series (R = Mes) 

6a iPr H 95:5 

6b t-Bu H 94:6 
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6d iPr iPr N/Ac 

aDetermined by integration of 1H NMR signals. bTwo additional 
conformers observed (A:B:C:D ratios 43:35:12:10; see the Sup-
porting Information. cTwo conformers are degenerate (R′=R″=iPr). 
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Figure 4.  Definition of carbene yaw angle (ref. 49) as applied to 
ADC ligands. 

 

The steric properties of the ADC ligands were assessed us-
ing the Percent Buried Volume (%Vbur) model, which represents 
steric bulk as the percentage of space occupied by the ligand 
within a sphere of r = 3.5 Å centered at the metal.  This model 

has been developed extensively for the closely related NHC lig-
ands due to its suitability for steric quantification of non-cone-
shaped ligands.27c,50  The %Vbur parameters derived from the X-
ray structures28 occupy the ranges of 35.7 to 37.2 for the mo-
nomesityl series and 46.4 to 52.4 for the dimesityl series (Figure 
3).  The combination of the bulky 2,6-dimesitylphenyl group 
with diisopropylamine endows 6d with the bulkiest ADC ligand 
in the series (%Vbur 52.4).  This ligand compares favorably with 
the extremely bulky NHC ligand IPr* (%Vbur 50.6, Chart 1b)31 
and Bertrand’s highly encumbered CAAC-menth (%Vbur 
51.5),34 although it falls short of the yet more sterically encum-
bered NHCs IPr**32 and ITr33 (%Vbur 54.3 and 57.1, Chart 1b). 
All of the dimesityl ADC ligands in 6a-d exhibit %Vbur param-
eters larger than those of Hong’s tetrasubstituted t-Bu2Ph2ADC 
and Ad2Ph2ADC ligands (Chart 1c)16 as well as those of other 
bulky ADCs prepared by the isocyanide route (e.g. t-
Bu2H2ADC, %Vbur 40.4, Chart 1d).14b,d 

 

 

Figure 5.  Centrosymmetric aurophilic dimer present in the X-ray 
structure of 5a (Au1-Au1′ 3.26 Å).  A similar dimer with a longer 
Au1-Au1′ distance (3.59 Å) is found in the structure of 5d (Figure 
S9, Supporting Information) 

 

A more detailed picture of the steric environment sur-
rounding Au in each complex was gleaned by comparing the 
%Vbur contributions of individual quadrants in the steric maps 
of the ADC ligands (light blue numbers in Figure 3).51  For both 
the monomesityl and dimesityl ADC complexes, the most hin-
dered quadrants are located in the biaryl/terphenyl region.  For 
the monomesityl complexes, the SW quadrant consistently con-
tains the highest amount of bulk (%Vbur 41.1-46.1), correspond-
ing primarily to the edge of the aryl ring opposite the mesityl 
group.  The mesityl groups themselves contribute relatively lit-
tle to the overall %Vbur of 5a,c,d.  The N-bound aryl ring in each 
of these complexes is rotated 125-131° with respect to the N-
Ccarbene-N plane of the ADC, evidently to minimize steric inter-
actions between the mesityl o-CH3 groups and the Au center 
(e.g. shortest AuꞏꞏꞏCMe distance 4.12 Å for 5d).  This results in 
moderate steric bulk in the NW quadrants (%Vbur 36-41), which 
is not much greater than the bulk presented by the alkyl groups 
in the SE and SW quadrants (%Vbur 29.2-36.5).   

For the dimesityl series, the presence of two o-mesityl sub-
stituents sterically prohibits the tilted aryl geometry seen in 
5a,c,d, instead favoring orientation of the central aryl rings at 
dihedral angles nearer to 90° with respect to the N-C-N plane 
(actual range 83.7° - 109.3°, Table 1)  This causes a protrusion 
of steric bulk from the mesityl o-CH3 groups into the coordina-
tion sphere of each dimesityl ADC complex, as shown by the 
large %Vbur contributions of the NW and/or SW quadrants 
(maximum %Vbur 62.7 – 69.7).  Although the terphenyl groups 
of 6a-d are still sufficiently tilted to remove some mesityl bulk 
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from one of the western quadrants, all of these complexes dis-
play short AuꞏꞏꞏCMe distances involving the two nearest o-CH3 
groups (e.g. 3.64 Å and 3.65 Å for 6d), illustrating the greater 
steric constraints present in this series compared with the mo-
nomesityl series. 

The unusually large overall %Vbur parameter of 52.4 for the 
ADC ligand of 6d can be attributed to a cooperative effect of 
the sterically demanding terphenyl group on the rotameric con-
formation of the alkyl substituents.  Steric pressure forces the 
iPr2N unit of 6d to adopt a geometry with the isopropyl -CH3 
groups facing toward gold, whereas the iPr groups of 5a, 5c, 5d, 
and 6a are able to minimize steric repulsions by orienting away 
from gold.  The resulting increase in steric shielding around Au 
is apparent in the alkyl region of the steric map of 6d (Figure 
3).  Specifically, the %Vbur contributions of the NE and SE quad-
rants of 6d (52.9 and 41.6) are significantly larger than the cor-
responding values for 5d (31.1 and 32.2) and the other iPr-sub-
stituted ADC complexes. 

 

 

Figure 6.  a) Overlay of the crystal structures of 6a and 6d, showing 
an apparent CHꞏꞏꞏ interaction and concomitant distortion of C11 
out of the carbene plane; b) NCI plot of the DFT optimized struc-
ture of 6d [BP86-D3/6-31+G* (main group),CEP-31G (Au)]. 
Green surfaces indicate weak noncovalent interactions. For a plot 
that differentiates weak attractive from weak repulsive interactions, 
see Figure S10 (Supporting Information). 

 

The dimesityl ADC complexes 6b-d display noticeable 
out-of-plane distortions of the ADC N-substituents in their X-
ray structures.  This is apparent in the torsion angles of 164.1 – 

166.8° for the terphenyl ipso carbons (N1-C1-N2-C11), i.e., de-
viations of 13-16° from the ideal 180°, as well as in the lesser 
distortions involving the alkyl groups syn to gold (N1-C1-N2-
C2 torsion angles 170-172°).  The corresponding torsion angles 
are closer to 180° for the monomesityl series (Table 1).  In ad-
dition, the absolute deviations of the N-bound carbon atoms 
from the N-C-N least-squares plane are larger for the dimesityl 
series (i.e. 0.27 – 0.33 Å for C11 in 6b-d, versus 0.07 - 0.12 Å 
for the monomesityl series).   

These distortions may serve to slightly relieve steric 
crowding of the mesityl o-CH3 groups of 6b-d with the ADC 
NH groups (avg shortest CHꞏꞏꞏHN distance 2.44 Å).  This 
crowding is slightly greater in the less distorted ADC ligand of 
6a (avg shortest CHꞏꞏꞏHN distance 2.26 Å) and significantly 
less in the monomesityl analogues 5c and 5d (avg shortest 
CHꞏꞏꞏHN distance 3.29 Å).  However, the ADC ligand distor-
tions also appear to facilitate potentially attractive CHꞏꞏꞏπ inter-
actions52 involving N-alkyl groups and one of the two mesityl 
rings, as illustrated by a C-HꞏꞏꞏCAr contact of 2.86 Å involving 
the “upper” isopropyl group in the crystal structure of 6d (Fig-
ure 6a, magenta structure).  The absence of an isopropyl group 
in this position in 6a precludes this type of interaction, and no 
corresponding distortion of the ADC substituents is evident in 
6a (Figure 6a, blue structure).   

 

 

Figure 7.  Comparison of experimental (X-ray) and DFT-
calculated torsion angles indicating out-of-plane distortion of the 
biphenyl/terphenyl groups in Au(ADC)Cl complexes.   

 

To gain insights into the possible role of attractive non-
covalent interactions in the observed ligand distortions, we uti-
lized density functional theory (DFT) to calculate optimized 
gas-phase geometries of all of the Au-ADC complexes, both 
with and without Grimme’s empirical dispersion correction 
(D3).53  This correction has been shown to improve modeling 
of noncovalent interactions derived from London dispersion 
forces.54  A benchmarking study showed that the BP86 func-
tional, in combination with the 6-31G* basis set for main group 
elements and the CEP-31G pseudopotential basis set for Au, re-
liably modeled important bond distances and angles within the 
ADC ligands (see the Supporting Information).  Calculations 



8 

without the dispersion correction (BP86) produced ADC ligand 
geometries with very little out-of-plane distortion: the N1-C1-
N2-C11 torsion angles are in the range of 173-179°, and no sig-
nificant differences in these angles are apparent between the 
monomesityl and dimesityl series (Figure 7, black bars).  Use 
of the dispersion-corrected functional (BP86-D3), however, re-
produced the distortions observed in the X-ray structures of 6b-
d reasonably well, with calculated N1-C1-N2-C11 torsion an-
gles in the range of 164-167° (Figure 7, green bars). 

The BP86-D3-optimized structures of 6b-d also exhibit 
CHꞏꞏꞏπ contacts qualitatively similar to those seen in the X-ray 
structures (e.g. C-HꞏꞏꞏCAr contact of 3.03 Å in 6d), although 
some of them involve different CH bonds or mesityl carbon at-
oms (Table 3).  In addition, the central aryl rings of the ter-
phenyl are rotated to a significantly larger degree in the BP86-
D3-optimized structures (C1-N2-C11-C12 torsion angles 117-
133°) than in the X-ray geometries (76 -118°).  This appears to 
facilitate noncovalent Auꞏꞏꞏπ interactions (e.g. AuꞏꞏꞏCortho 3.21 
Å for one mesityl ring of 6d, Table 3) that are not evident in the 
X-ray structures.  Overall, the computational results support the 
idea that attractive noncovalent interactions contribute to the 
distortions observed in the dimesityl Au-ADC complexes, 
while also pointing out the difficulties of modeling such inter-
actions in a large and complex ligand. 

 

Table 3. Noncovalent interactions involving mesityl aro-
matic rings in Au(ADC)-Cl complexes 

Complex Interaction Distance 
(Å) 

X-ray structure   

6b t-Bu -CH2-Hꞏꞏꞏcentroid  4.30 

6ca iPr -CH2-HꞏꞏꞏCpara 2.96 

 Me -CH2-HꞏꞏꞏCortho 3.16 

6d iPr -CH2-HꞏꞏꞏCmeta 2.86 

 iPr2 -CH2-HꞏꞏꞏCmeta2 3.37 

DFT geometryb   

6b t-Bu -CH2-HꞏꞏꞏCmeta 2.89 

 AuꞏꞏꞏCmeta
c 3.25 

6c Me -CH2-Hꞏꞏꞏ Cpara 2.95 

 Me -CH2-Hꞏꞏꞏ Cmeta
 3.01 

 AuꞏꞏꞏCortho
c 3.26 

6d iPr -CH2-Hꞏꞏꞏ Cpara 3.03 

 AuꞏꞏꞏCortho
c 3.21 

aAverage values for two crystallographically independent but 
conformationally similar molecules of 6d.  bGas phase geometries 
optimized using DFT [BP86-D3/6-31+G* (main group),CEP-31G 
(Au)].  cComparable Au-π interactions do not occur in the X-ray 
structures, although some short alkyl CHꞏꞏꞏAu contacts (2.54 – 
2.85 Å) are apparent in all of them. 

 

Yang’s method for visualization of noncovalent interac-
tions,55 as implemented in the NCIPLOT 3.0 program,56 pro-
vided further evidence for attractive interactions in the DFT-
optimized structure of 6d (Figure 6b).  Green surfaces represent 
regions in which the electron density indicates the presence of 
weak interactions.55  The largest such regions in 6d correspond 

to the C-Hꞏꞏꞏπ and Auꞏꞏꞏπ interactions discussed above (Figure 
6b).  The attractive nature of these interactions was corrobo-
rated using a reported method (see Figure S10 Supporting In-
formation).57 

We postulate that some of the discrepancies between the 
observed and BP86-D3-modeled ligand distortions (e.g. in 6a, 
Figure 7) may arise from crystal packing interactions, given that 
the rotation barriers of conjugated amino groups are typically 
small (~≤10 kcal mol-1) and thus easily overcome even by weak 
forces.20a,58  Nevertheless, both the solid-state X-ray and gas-
phase BP86-D3 structures for 6b-d suggest a greater propensity 
for the bulkier dimesityl ADC ligands to undergo torsional de-
formations, which is also likely to be the case in solution. 

 

 

Figure 8.  View along the carbene NCN planes for 6d (only ipso 
carbons of mesityl rings shown for clarity) and Hong’s 
Ad2Ph2ADC complex, showing out-of-plane distortions of substit-
uents.  Numbers in green are torsion angles relative to the N-Ccar-

bene-N unit. 

 

The out-of-plane distortions in the dimesityl ADC ligands 
of 6b-d are markedly less than those seen in Hong’s sterically 
demanding tetrasubstituted ADC ligands, t-Bu2Ph2ADC and 
Ad2Ph2ADC (Chart 1c),16 despite 6b-d having larger %Vbur pa-
rameters (Figure 3).  The crystal structures of Hong’s 
Au(ADC)Cl complexes show severe torsional displacements of 
the two phenyl groups on the “upper” positions the ADCs from 
the carbene N-C-N planes, with average N-Ccarbene-N-CPh tor-
sion angles of 36.0° for t-Bu2Ph2ADC and 41.0° for 
Ad2Ph2ADC (Figure 8).  The bulky alkyl groups show more 
modest degrees of twist similar to those observed for the 2,6-
dimesitylphenyl group in 6b-d, with average N-Ccarbene-N-Calkyl 
torsion angles of 165.5° for ADC-tBu2Ph2 and 163.6° for ADC-
Ad2Ph2, corresponding to respective deviations of 14.5° and 
16.4° from the ideal 180°.  The pronounced distortions in 
Hong’s ADCs appear to result primarily from a need to maxim-
ize favorable offset π-π interactions and minimize repulsive di-
rect π-π interactions of the adjacent phenyl groups,59 as pro-
posed by the authors, although steric interactions of the large t-
Bu and adamantyl groups with the Au atom may also play a 
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role.16  By comparison with these and other sterically encum-
bered Au(ADC)Cl complexes,14b,d the dimesityl ADC com-
plexes 6b-d display a distinctive combination of large %Vbur 
and minimal to moderate out-of-plane distortions.  We attribute 
this to a combination of factors:  1) steric bulk that is substantial 
but somewhat removed from the carbene ligand plane via the 
terphenyl framework; 2) the presence of no more than one hy-
drocarbyl substituent in the “upper” position of each ADC lig-
and, which limits both repulsive and attractive interactions in-
volving these groups; 3) the lack of aryl groups on one side of 
the ADC, which precludes π-π interactions. 

Catalytic Enyne Cyclization/Hydroarylation.  The gold-
catalyzed domino cycloisomerization/hydroarylation of 1,6-
enyne 7 with indole (Table 4) is a well-studied regiodivergent 
reaction in which selectivity is known to be strongly dependent 
on the nature of the ancillary ligand.6c,d  Previous studies have 
established that electronic control of regioselectivity is possible, 
with relatively weak-donor ligands such as triarylphosphites fa-
voring the alkene product 86c and stronger donors such as NHCs 
favoring the cyclopropane product 9.6d,16,60  Given that the two 
products arise from indole attack at two different sites either 
adjacent to or remote from Au,6c,d,16,60 we viewed this transfor-
mation as an ideal test reaction for evaluating steric control of 
regioselectivity with the new series of gold-ADC catalysts. 

 

Table 4. Regiodivergent 1,6-Enyne Cyclization/Hydroary-
lation Catalyzed by Au-ADC complexes.a,b 

TsN

Ph

DCE, 25 °C

[Au] 
(5 mol%)

N
H

+
TsN Ph

H

NH

TsN +
H

Ph

NH

7

8 9  

Precatalyst Yield (%)c 8:9 Ratio 

 

monomesityl series 

  

5a 46 38:62 

5b 64 34:66 

5c 75 29:71 

5d 75 34:66 

dimesityl series   

6a 82 35:65 

6b 84 44:56 

6c 85 47:53 

6d 88 44:56 

refined catalyst   

13c 88 >99:1d 

a Both products are racemic mixtures of enantiomers; only one 
enantiomer shown. b Reaction conditions: 7 (0.15 mmol), indole 
(0.17 mmol), catalyst (0.008 mmol), 25 °C, 3 h.  cIsolated yield of 
inseparable mixture of 8 and 9 after silica gel chromatography.  d9 
not detected in either crude or isolated product. 

 

Active catalysts for the cyclization/hydroarylation of 7 
with indole were generated by treating the Au(ADC)Cl com-
plexes with AgSbF6 in CH2Cl2 solution, followed by filtration 
through Celite.  All of the catalysts yielded mixtures of the two 
isomeric products 8 and 9 in moderate to good yields, but sig-
nificant changes in the 8:9 ratio were observed as a function of 
ADC ligand substituent (Table 4).  The monomesityl series of 
Au-ADC catalysts favored the cyclopropane product, with 8:9 
ratios varying from 38:62 for 5a to 29:71 for 5c.  The least bulky 
dimesityl ADC complex (6a) gave a similar product ratio to the 
monomesityl catalysts (35:65), but the bulkier members of the 
series 6b-d showed a shift toward lower selectivities, with 9 
only slightly favored (product ratios 44:56 to 47:53).  The prod-
uct selectivities do not correlate smoothly with the overall steric 
bulk of the ADC ligands as represented by %Vbur (Figure 9).  
Rather, the monomesityl and dimesityl series of catalysts form 
two distinct clusters, with all of the monomesityl complexes 
giving 8:9 product ratios near 0.5 and all of the dimesityl com-
plexes except 6a giving closer to equal ratios of products.   

 

 

Figure 9.  Enyne cyclization/hydroarylation product ratio versus 
%Vbur of the ADC ligand of the Au catalyst.  *The %Vbur value of 
5b was calculated from the DFT optimized (BP86-D3) geometry; 
all others are derived from X-ray structures. 

 

These results suggest that the alkyl substituents of the ADC 
ligands exert a lesser influence on product selectivity than the 
bulky aryl groups in the cyclization/hydroarylation of 7.  Spe-
cifically, the bulky terphenyl groups of the dimesityl ADCs ap-
pear to cause a shift in selectivity away from cyclopropane 
product 9 and toward alkene product 8, with a net result of near-
equal product ratios for this catalyst series.   

 

Scheme 2.  Proposed Intermediates in Gold-Catalyzed 
Enyne Cyclization/Hydroarylation 

8 9

TsN
H

H
Ph

10a

+

Au L

TsN Ph

H

Au

+

L

TsN Ph

H

Au
+

L

Ar-H

Ar-H

10b 10c
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In the consensus mechanism for enyne cyclization/hy-
droarylation, product selectivity is determined by the site of in-
dole attack on the proposed organogold intermediate 10 
(Scheme 2).6c,d,16,60  This intermediate can be viewed as lying on 
a continuum between a monocyclized gold vinyl species with a 
remote benzylic carbocation at the δ position (10a) and a bicy-
clic -metallocarbenium species (10b); the latter is sometimes 
represented as a gold carbene (10c).61  Attack at the gold-bound 
carbon (C) leads to the cyclopropane-containing product 9, 
whereas alkene product 8 arises from remote indole attack at 
Cδ.  Previous studies have attributed the observed selectivity for 
9 with gold-NHC catalysts to the strong donicity of NHC lig-
ands, which should relatively favor the -carbocationic reso-
nance form 10b.6d,16,60  ADC ligands might be expected to en-
gender similar selectivities for 9, given that they are proposed 
to be even stronger σ-donors than NHCs.20  However, we hy-
pothesize that the large terphenyl steric bulk of the dimesityl 
ADC-Au complexes is sufficient to hinder the attack of indole 
at C to some extent, counterbalancing the intrinsic electronic 
preference for 9. 

Catalyst Refinement for Optimization of Regioselectiv-
ity.  We hypothesized that further steric blockage of C in in-
termediate 10 could lead to improved selectivity for alkene 
product 8.  To test this hypothesis, we sought to enhance the 
steric encumbrance of the ADC ligand platform by using 
CNArDipp2 (11), a bulkier m-terphenyl isocyanide developed by 
Figueroa,45c,d,45f-h,j as a synthon.  However, attempts to create a 
more hindered analogue of 6d via reaction of Au(CNArDipp2)Cl 
(12, Scheme 3) with HNiPr2 failed.  NMR tube reactions in 
CD2Cl2, CD3CN, CDCl3, and DCE-d4 showed no detectable Au-
ADC product as monitored by 1H NMR, even when 12 was 
heated with HNiPr2 for up to 3 d at 60°.  We postulate that the 
high steric encumbrance of the CNArDipp2 ligand either prevents 
its reaction with this relative hindered amine or results in an un-
stable ADC complex that immediately reverts to reactants.41   

 

Scheme 3.  Synthesis of Au(ADC)Cl Complex Containing 
the Sterically 2,6-Dipp2Ph Group 

11

Au(THT)Cl

-THT

CH2Cl2, rt

12 h

12 (87%)

HN(Me)iPr

CHCl3, N2

60 °C, 6 h

N

Au

Cl

N

Me

H

N
C

Au
Cl

13c (59%)

N
C

no reaction 
with HNiPr2

 

 

Remarkably, reaction of the only slightly less hindered 
amine iPr(Me)NH with 12 led to formation of a stable, isolable 
ADC complex (13c).  The X-ray structure of 13c reveals signif-
icant effects of the bulkier terphenyl moiety on the structural 
features of the ADC ligand (Figure 10a).  Steric pressure from 
the o-isopropyl groups, corroborated by short nearest AuꞏꞏꞏCme-

thine distances of 3.50 Å and 3.53 Å (compared with AuꞏꞏꞏCMe ≥ 

3.64 Å for 6d), enforces an almost perfectly perpendicular ori-
entation of the central aryl ring of the terphenyl (C1-N2-C11-
C12 torsion angle −89.5°).  The carbene yaw angle is reduced 
nearly to zero for 13c [0.4(2)°], further supporting increased 
steric pressure from the Dipp2  -Ar group of 13c compared to the 
Mes2-Ar groups of 6b-d (Table 1).  Notably, the terphenyl and 
alkyl ADC substituents of 13c show very little deviation from 
the N-Ccarbene-N plane [relevant torsion angles: N1-C1-N2-C11 
178.2(4)°, N2-C1-N1-C2 174.6(4)°], in contrast to the signifi-
cant distortions seen in 6b-d (Table 1, Figure 7).  We attribute 
this to the sterically enforced symmetrical distribution of iPr 
steric bulk on both sides of the N-C-N plane (i.e., left side of 
the steric map in Figure 10b), which prevents the terphenyl 
group from engaging in the types of noncovalent interactions 
that were identified as likely drivers of the distortions observed 
in 6b-d (Figure 6, Table 3).  Despite the noticeable influence of 
steric bulk on the ligand’s structure, and the high steric hin-
drance (%Vbur >65%) present in the NW and SW quadrants of 
the steric map, the overall %Vbur parameter of 53.2% for the 
ADC ligand in 13c is only modestly larger than that of the bulk-
iest dimesityl ADC complex, 6d (%Vbur 52.4%). 

With highly encumbered Au-ADC complex 13c as the 
precatalyst, cyclization/hydroarylation reactions of 7 with in-
dole displayed exclusive selectivity for the alkene product 8, 
with no detectable formation of 9 (Table 4, last entry).  To the 
best of our knowledge, no other reported catalyst has attained 
100% selectivity for the alkene product in the hydroarylation of 
1,6-enynes with indole.6c,d,16,60  The highest reported 8:9 ratios 
in this reaction have been achieved with gold catalysts contain-
ing an electron-poor phosphite ligand (91:9)6c,d and a p-ter-
phenyl phosphine ligand (95:5).8  

 

 

Figure 10.  X-ray structure of complex 13c:  a) Ellipsoid plot (50% 
probability) and b) steric contour map.  For detailed structural pa-
rameters, see the Supporting Information. 
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Discussion of Ligand Effects on Regioselectivity.  Com-
parison of our results with those obtained by Hong and co-
workers using the encumbered t-Bu2Ph2ADC and Ad2Ph2ADC 
ligands (Chart 1c)16 are interesting.  In the enyne cyclization/hy-
droarylation of 7 with indole, the t-Bu2Ph2ADC-Au catalyst was 
nonselective (51:49 ratio of 8:9), whereas the bulkier 
Ad2Ph2ADC-Au catalyst favored the alkene product 8 by a 
82:18 ratio.  The authors suggested that the relative selectivities 
for 8, in contrast to the predominant formation of 9 with Au-
NHC catalysts,6d,16,60 might be attributable to increased π-accep-
tor ability in the ADC ligands as a result of the large observed 
out-of-plane distortions (Fig. 8b) and consequent disruption of 
π-conjugation.16  Increased π-backbonding was proposed to re-
duce the electron density at gold, thus disfavoring the -carbo-
cationic resonance form of the initial cyclization intermediate 
(10b, Scheme 2) and leading to preferential attack of the nucle-
ophile at the δ carbon (i.e., via 10a).   

This electronic rationale for selectivity does not appear 
valid for our Au-ADC catalysts, however.  Complexes 6b-d 
provided similar 8:9 ratios to Hong’s t-Bu2Ph2ADC-Au catalyst 
despite having much less distorted ADC ligands, and the high-
est selectivity for 8 was achieved with Dipp2-substituted cata-
lyst 13c, which exhibits almost no out-of-plane distortion.  In 
addition, there are only small differences in the observed metal-
ligand bond lengths for the distorted dimesityl ADC complexes 
6b-d compared with their monomesityl counterparts (Table 1).  
The average Au-Ccarbene distance for 6c and 6d is only 0.010(2) 
Å longer than that for the monomesityl analogues 5c and 5d, 
while the corresponding difference in Au-Cl distances is even 
smaller at 0.003(1) Å.  As Au-Cl distances are regarded as a 
useful measure of relative trans influence,8,62 these data suggest 
very similar donor properties for all of the new ADC ligands.  

 

Table 5. Selected Parameters Relevant to Gold-ADC Bond-
ing 

 δ 13C:a NBO charge:b Calculated 

Complex Ccarbene
 Au Ccarbene d(Au-Cl)b 

5a 186.3 0.254 0.210 2.317 

5b 187.6 0.252 0.212 2.320 

5c 189.0 0.259 0.205 2.321 

5d 189.3 0.263 0.208 2.323 

6a 187.8 0.262 0.208 2.326 

6b 188.4 0.253 0.214 2.327 

6c 191.7 0.263 0.214 2.329 

6d 192.0 0.248 0.218 2.334 

13c 192.4 0.240 0.212 2.334 

aExperimental values.  bCalculated values [BP86/6-31+G* (main 
group),CEP-31G (Au)]. 

 

Experimental 13C NMR data and DFT-calculated NBO 
charges show somewhat contradictory trends, with the 
dimesityl and DIPP2 ADC complexes exhibiting modestly more 
downfield Ccarbene chemical shifts (by 1-3 ppm) but slightly 
lower calculated positive charges on Au, at least for 6d and 13c, 
versus the monomesityl series (Table 5).  Calculated Ccarbene 
NBO charges do not support greater backbonding in the more 
encumbered Au-ADC complexes, instead predicting a slightly 

higher average positive charge (by 0.005) for dimesityl com-
plexes 6a-d versus monomesityl complexes 5a-d (Table 5).  
There is a modest trend toward longer calculated Au-Cl bond 
lengths as steric encumbrance increases, which could be inter-
preted as reflecting changes in metal-carbene bonding.8,62  How-
ever, the calculated Au-Cl values are almost identical for 6d and 
13c, so this parameter does not correlate with the significant 
differences in selectivity seen between these two catalysts. 
Taken together, the data do not support the notion that steri-
cally-induced electronic effects could be the origin of the ob-
served selectivity differences in cyclization/hydroarylation of 7 
observed with the bulky terphenyl ADC ligands. 

DFT calculations on the proposed organogold intermediate 
10 resulting from initial cyclization of 7 provided support for 
steric control of regioselectivity in the indole addition step.  Ge-
ometry-optimized intermediates 10-5d, 10-6d, and 10-13c all 
displayed structural features more closely resembling the Cδ-
carbocation resonance form 10a (Table 6), as judged by strong 
double-bond character in the C-C bonds (b, 1.37 – 1.38 Å) 
and trigonal planar geometries about C (sum of bond angles 
359.7-359.9°), although some incipient cyclopropane character 
was evident (C-C, d, 1.96 – 2.01 Å).  The similarity of bonding 
in all of these models provides further evidence that there are 
no significant electronic differences between the differently 
substituted ADC ligands. 

 

Table 6. Selected Bond Lengths and Angles in DFT-
Calculated Enyne Cyclization Intermediate (10) With Dif-

ferent ADC Ligandsa 

 

Com-
plexb 

a, Å b, Å c, Å d, Å θ, deg 

10-5d 2.028 1.373 1.455 2.005 82.8 

10-6d 2.030 1.376 1.453 1.957 80.3 

10-13c 2.032 1.375 1.453 1.968 80.9 

      

aDFT-optimized structures [BP86/6-31+G* (main group), CEP-
31G (Au)].  bIntermediate 10 derived from complexes 5d, 6d, and 
13c.   

 

A spacefilling plot of the optimized geometry of 10-6d 
shows that, although the Au atom is well shielded by the 2,6-
dimesitylphenyl and NiPr2 moieties, C is not enclosed by these 
groups and remains largely exposed to attack (Figure 11a).  In 
10-13c, by contrast, the o-iPr substituents of the sterically en-
cumbering DIPP2-Ph moiety almost entirely block the approach 
to C, providing a simple explanation for the absence of product 
9 in enyne cyclization/hydroarylation reactions catalyzed by 
13c.  Notably, the site of attack leading to alkene product 8 (Cδ, 
green, Figure 13) is far removed from the ADC ligand and ap-
pears equally open to attack in all three calculated model inter-
mediates (see the Supporting Information for additional views, 
including 10-5d).  Thus, the ability of catalyst 13c to attain com-
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plete selectivity for 8 can be attributed to extreme steric hin-
drance from the Dipp2-phenyl group overriding an intrinsic 
electronic preference for attack at C  This steric control of 
selectivity is in contrast to the electronically-controlled prefer-
ence for cyclopropane product 9 with the less hindered mo-
nomesityl series of Au-ADC catalysts 5a-d and with previously 
reported catalysts containing NHC ligands that are similarly 
strong donors.6d,16,60. 

 

 

Figure 11.  Spacefilling plots of DFT-optimized geometries 
[BP86/6-31+G* (main group), CEP-31G (Au)] of intermediates 10 
derived from Au-ADC complexes (a) 6d and (b) 13c.   

 

CONCLUSION 
A family of nine gold(I) acyclic diaminocarbene com-

plexes with large and tunable steric bulk was prepared via addi-
tion of protic amines to gold-bound biaryl and terphenyl isocy-
anides.  The isocyanide-based synthetic approach was shown to 
be suitable for the construction of highly sterically encumbered 
carbene ligands, including some terphenyl ADC ligands with 
%Vbur parameters greater than 50%.  These are comparable in 
overall steric hindrance to some of the bulkiest reported NHC 
ligands.31-32,34  Structural studies revealed that conformations of 
the most hindered ADC ligands appear to result from an inter-
play of the steric properties of the different N-substituents.  The 
bulky terphenyl moieties rotate to near-90° dihedral angles to 
minimize steric interactions of the outermost aryl groups with 
Au, while steric pressure within the Au-carbene plane forces 
both the terphenyl and the larger of the two amine substituents 
to adopt syn orientations relative to gold, resulting in substantial 
steric encumbrance adjacent to the metal coordination sphere.  
Slight out-of-plane distortions of the ADC N-substituents were 
attributed to noncovalent interactions of bulky aryl groups ra-
ther than to repulsive steric forces.  These distortions are much 
smaller than those observed in previously reported bulky 
tetrasubstituted ADC-Au complexes,16 despite the larger overall 
%Vbur parameters of the trisubstituted ADC ligands reported in 
this study.  Computational, structural, and spectroscopic data do 
not support a significant change in the π-backbonding character 
of these ligands as a result of these minor distortions. 

Studies of the effects of the ADC ligand structure on regi-
oselectivity in the gold-catalyzed cyclization/hydroarylation of 
a 1,6-enyne with indole showed that product ratios were de-
pendent primarily on the encumbrance of the bulky biaryl/ter-
phenyl group, with the (di)alkyl amino groups exerting little in-
fluence.  Replacing a 2-mesitylphenyl group with a bulkier 2,6-
dimesitylphenyl group on the ADC ligand resulted in relatively 
modest changes in selectivity, from ~1:2 in favor of the cyclo-
propane product for the monomesityl series toward a ~1:1 ratio 

of alkene and cyclopropane products for the more hindered 
dimesityl series.  By contrast, use of the yet more encumbered 
Dipp2-phenyl-substituted catalyst 12c caused a drastic shift in 
selectivity, affording exclusively the alkene product.  This ab-
rupt switch in selectivity could not have been predicted simply 
by comparing the %Vbur parameters of the series of ADC com-
plexes, which showed only minor differences for catalysts with 
vastly different selectivities (i.e. %Vbur 52.4 for 6d versus 53.2% 
for 13c).  These results imply that a global steric descriptor such 
as %Vbur may not be well-suited to capturing local changes in 
steric shielding at key reaction sites (in this case, C of inter-
mediate 10) that are crucial for tuning the selectivity of re-
giodivergent reactions. 

In conclusion, this study demonstrates the value of a mod-
ular and readily tunable ligand framework that is compatible 
with highly encumbering groups in achieving highly regiose-
lective gold catalysis.  Given that carbene ligands typically fa-
vor the cyclopropane product in the chosen enyne cycliza-
tion/hydroarylation test reaction6d,16,60 and that previous efforts 
to control regioselectivity in this reaction by tuning carbene lig-
and donor ability did not achieve selectivity for the alkene prod-
uct,60 the attainment of exclusive alkene selectivity with catalyst 
13c is a promising demonstration of the ability to override the 
intrinsic electron preference of a regiodivergent reaction though 
steric control.  

EXPERIMENTAL SECTION 
General Experimental Methods.  All air-sensitive synthesis steps 

were performed under argon atmosphere using a vacuum line or under 
nitrogen atmosphere in a glovebox unless otherwise noted.  All solvents 
for synthesis were dried and distilled immediately before use.  Diethyl 
ether, benzene, pentane, and hexanes were dried over and distilled from 
sodium benzophenone ketyl.  Chloroform, dichloromethane, and DCE 
were washed with a sequence of concentrated H2SO4, deionized water, 
5% Na2CO3 and deionized water, followed by pre-drying over anhy-
drous CaCl2, and were then refluxed over and distilled from P2O5 under 
nitrogen.  NEt3 was dried over activated 4 Å molecular sieves and then 
distilled, degassed, and stored over dried 4 Å sieves under nitrogen.  
CD2Cl2 was dried over and stored on activated 4 Å molecular sieves 
under vacuum and was vacuum-distilled before use.  Pd(PPh3)4 (min. 
99.5%, min. 9% wt/wt Pd) was purchased from Chem-Impex Interna-
tional, Inc.  Au(THT)Cl46 was synthesized from tetrachloroauric acid,63 
which was prepared from high-purity metallic gold (99.99%).  2ʹ,4ʹ,6ʹ-
trimethyl-[1,1ʹ-biphenyl]-2-amine,64 2,6-Dimesitylphenyl isocyanide 
(2),45a and N-cinnamyl-4-methyl-N-(prop-2-yn-1-yl)benzenesulfona-
mide (7)65 were synthesized according to literature procedures.  All 
other reagents were obtained from Sigma-Aldrich or Acros in the high-
est available purity and used as received.   

IR spectra were performed on Nujol mulls using a Nicolet 6700 FT-
IR instrument.  1H and 13C NMR spectra were collected on Varian 
VNMRS (400 MHz and 500 MHz) and Varian Unity INOVA (600 
MHz) FT-NMR spectrometers.  Reported NMR chemical shifts were 
referenced to residual solvent peaks (CDCl3: 1H NMR, 7.26 ppm, 13C 
NMR, 77.2 ppm; CD2Cl2: 1H NMR, 5.32 ppm, 13C NMR, 53.8 ppm).66  
Single crystal X-ray diffraction data were obtained on Bruker APEX II 
or Rigaku Oxford XtaLAB Synergy-S diffractometers.  See the Sup-
porting Information and deposited CIF files (CCDC 1945190-
1945201) for details.  Elemental analyses were performed by Midwest 
Microlab, Indianapolis, Indiana, or Complete Analysis Laboratories, 
Highland Park, NJ. 
N-(2ʹ,4ʹ,6ʹ-trimethyl-[1,1ʹ-biphenyl]-2-yl)formamide. To a stirred 

solution of 2ʹ,4ʹ,6ʹ-trimethyl-[1,1ʹ-biphenyl]-2-amine (1.56 g, 4.74 
mmol) in 100 mL of benzene was added formic acid (95%, 2.68 ml, 
71.0 mmol), and the reaction mixture was refluxed for 8 hours with 
periodic removal of water via a Dean-Stark apparatus. Upon comple-
tion of the reaction as monitored by TLC, the reaction mixture was 
added to deionized water and then extracted with EtOAc.  The organic 



13 

layer was washed with saturated aqueous NaHCO3 followed by drying 
over Na2SO4, and the EtOAc was then removed under reduced pressure.  
The resulting product was purified by flash column chromatography on 
silica (5:1 hexanes:EtOAc).  Rf 0.44 (5:1 hexanes:EtOAc), white solid, 
mp = 173-175 °C, yield 1.02 g (90%).  Mixture of two conformational 
isomers: major 58%, minor 42% by integration of 1H NMR signals. 1H 
NMR (600 MHz, CDCl3): δ 8.74 (d, J = 11.5 Hz, 1H), 8.48 (d, J =7.8 
Hz, 1H), 8.20 (s, 1H, CH minor), 8.19 (s, 1H, CH major), 7.39 (q, J = 
7.8 Hz, 2H), 7.33 (d, J = 7.8 Hz, 1H), 7.24 (t, J = 7.8 Hz, 1H), 7.19 (t, 
J = 7.8 Hz, 1H), 7.13 (d, J = 7.8 Hz, 1H), 7.07 (d, J = 7.8 Hz, 1H), 7.00 
(s, 2H) 6.97 (s, 2H), 6.94 (br s overlapped, 1H, NH minor), 6.81 (br s, 
1H, NH major), 2.35 (s, 3H major),  2.33 (s, 3H minor), 1.96 (s, 6H 
major), 1.93 (s, 6H minor). 13C NMR (151 MHz, CDCl3): δ 161.4, 
158.9, 138.3, 138.2, 137.1, 136.6, 134.7, 134.5, 133.0, 132.6, 131.0, 
130.9, 129.8, 129.7, 129.0, 128.9, 128.6, 128.4, 125.2, 124.7, 120.7, 
116.4, 21.19, 21.15, 20.3. IR (Nujol, cm-1): ν 3268, 1693, 1661. Anal. 
calcd for C16H17NO: C, 80.30; H, 7.16; N, 5.85 %. Found: C, 80.38; H, 
7.21; N, 5.90 %. 

2-Mesitylphenylisocyanide (1).  To a stirred solution of N-(2ʹ,4ʹ,6ʹ-
trimethyl-[1,1ʹ-biphenyl]-2-yl)formamide (1 g, 4.19 mmol) and tri-
ethylamine (2.92 mL, 20.94 mmol) in CH2Cl2 (50 mL) at 0 °C under 
nitrogen was added freshly distilled POCl3 (0.78 mL, 8.37 mmol).  The 
reaction mixture was stirred and monitored by TLC until starting ma-
terial had been consumed.  The reaction mixture was then washed se-
quentially with water (2 x 100 mL), saturated aqueous NaHCO3, and 
brine, and the organic layer was dried over Na2SO4.  The CH2Cl2 sol-
vent was removed under reduced pressure, and the product was purified 
by flash column chromatography on silica (4:1 hexanes:CH2Cl2).  1H 
NMR (400 MHz, CD2Cl2): δ 7.51-7.46 (m, 2H), 7.41 (dt, J = 7.6 Hz, 
1.6 Hz, 1H), 7.23 (dd, J = 7.6 Hz, 1.6 Hz, 1H), 6.99 (s, 2H), 2.34 (s, 
3H) 1.97 (s, 6H). 13C NMR (101 MHz, CD2Cl2): δ 166.0, 139.1, 138.2, 
136.1, 134.3, 131.2, 129.9, 128.6, 128.4, 127.4, 126.4, 21.2, 20.2. IR 
(Nujol, cm-1): 2118. Anal. calcd for C16H15N: C, 86.84; H, 6.83; N, 6.20 
%. Found: C, 87.02; H, 6.83; N, 6.20 %. 

Chloro(2-mesitylphenylisocyanide)gold(I) (3). 2-Mesitylphenyli-
socyanide 1 (131 mg, 0.90 mmol) and Au(THT)Cl (276 mg, 0.86 
mmol) were dissolved in dry CH2Cl2 and allowed to stir for 12 h at 25 
°C under nitrogen. The solvent was removed under reduced pressure, 
and the resulting product was washed with Et2O and purified by re-
crystallization from CH2Cl2/pentane. White crystalline solid, yield 354 
mg (91%). 1H NMR (400 MHz, CD2Cl2): δ 7.68-7.64 (m, 2H), 7.53-
7.49 (m, 1H), 7.35-7.33 (m, 1H), 7.01 (s, 2H), 2.35 (s, 3H) 1.96 (s, 6H). 
13C NMR (151 MHZ, CD2Cl2): δ 142.8, 140.7, 139.1, 135.9, 132.6, 
132.3, 131.9, 129.0, 128.96, 127.7, 124.3, 21.3, 20.2. IR (Nujol) 2234.8 
cm-1. Anal. calcd for C16H15NAuCl: C, 42.36; H, 3.33; N, 3.09%. 
Found: C, 42.65; H, 3.46; N, 3.09%.  

Chloro(2,6-dimesitylphenylisocyanide)gold(I) (4).  2,6-Dimesit-
ylphenylisocyanide 2 (201 mg, 0.589 mmol) and Au(THT)Cl (180 mg, 
0.560 mmol) were dissolved in dry CH2Cl2 and allowed to stir for 12 h 
at room temperature under nitrogen. The solvent was removed under 
reduced pressure, and the resulting product was washed with Et2O and 
purified by recrystallization from CH2Cl2/pentane.  White crystalline 
solid, yield 294 mg (92%). 1H NMR (400 MHz, CD2Cl2): δ 7.70 (t, J = 
8 Hz, 1H), 7.33 (d, J = 8 Hz, 2H), 7.01 (s, 4H), 2.35 (s, 6H), 2.01 (s, 
12H). 13C NMR (101 MHz, CD2Cl2): δ 143.8, 140.9, 139.0, 135.8, 
133.0, 132.2, 130.4, 129.0, 124.0, 21.3, 20.2. IR (Nujol, cm-1): ν 2205 
(m). Anal. calcd for C25H25NAuCl: C, 52.50; H, 4.41; N, 2.45 %. 
Found: C, 52.54; H, 4.39; N, 2.45%. 

General procedure for synthesis of gold(acyclic diaminocar-
bene) chloride complexes.  To a solution of chloro(2-mesitylphenyli-
socyanide)gold(I) 3 or chloro(2,6-dimesitylphenylisocyanide)gold(I) 4 
(0.22 mmol)  in CHCl3 (2 mL) under a nitrogen atmosphere was added 
2 equiv of neat amine. The reaction mixture was heated to 40 °C for 4-
6 h.  The progress of the reaction was monitored via TLC using basic 
alumina plates.  Using 20-30% CH2Cl2 in hexanes as the eluent, the 
gold isocyanide complex could be observed as a mobile spot, while the 
Au(ADC)Cl product remained at the base of the TLC plate.  After full 
conversion of the gold isocyanide complex, the reaction mixture was 
cooled to room temperature and filtered through Celite.  Hexanes (3 
mL) were added to precipitate the crude product as a white solid.  The 
product was purified by recrystallization from CH2Cl2/pentane. 

Chloro(N-2-mesitylphenyl-Nʹ-isopropyldiaminocarbene)gold(I) 
(5a).  White solid, yield 94 mg (83%). Mixture of two conformational 
isomers: major 70%, minor 30% by integration of 1H NMR signals. Rf 
0.22 (alumina, 4:1 hexanes/CH2Cl2). The product was purified by re-
crystallization from CH2Cl2/Et2O. 1H NMR (400 MHz, CD2Cl2): δ 8.40 
(d, J = 8 Hz, 1H, minor), 8.24 (br s, 1H, minor), 7.48-7.44 (m, 2H ma-
jor) 7.40-7.36 (m, 1H major, 1H minor), 7.28 (br s, 1H minor), 7.18-
7.15 (m, 1H major), 7.05 (br s, 2H minor), 7.00 (s, 1H major), 6.97 (s, 
2H major), 6.68 (d, J=5.6Hz, 1H minor), 6.60 (br s, 1H major), 6.38 (br 
s, 1H minor), 4.44 (br multiplet, 1H, major), 3.15 (septet, J = 7 Hz, 1H, 
minor), 2.33 (s, 3H, major), 2.30 (s, 3H, minor) 1.95 (s, 6H, minor), 
1.92 (s, 6H, major), 1.22 (d, J = 4 Hz, 6H, major), 0.89 (d, J = 4 Hz, 
6H, minor). 13C NMR (101 MHz, CD2Cl2, four peaks in carbene/aro-
matic region not located due to apparent overlap of major/minor isomer 
peaks): δ 186.3, 138.7, 138.3, 137.5, 136.7, 135.9, 133.7, 133.3, 133.2, 
133.0, 130.2, 129.1, 129.0, 128.5, 127.2, 125.6, 122.3, 105.13, 53.4, 
45.2, 23.2, 21.5, 21.2, 21.1, 20.6, 20.5. Anal. calcd for C19H24N2AuCl: 
C, 44.50; H, 4.72; N, 5.46 %. Found: C, 44.39; H, 4.67; N, 5.36%. 

Chloro(N-2-mesitylphenyl-Nʹ-tert-butyldiaminocarbene)gold(I) 
(5b).  White solid, 89 mg (77%).  Mixture of four conformational iso-
mers: major A 43%, minor B 35%, minor C 12%, minor D 10% by 
integration of 1H NMR signals. Rf 0.30 (4:1 hexanes: CH2Cl2). 1H NMR 
(400 MHZ, CD2Cl2, -2 °C): δ 8.47 (d, J = 8 Hz, 1H major A, 1H minor 
B), 8.39 (d, J = 8 Hz, 1H minor C, 1H minor D), 8.25 (br s, NH, 1H, 
minor D), 8.23 (br s, NH, 1H, major A), 8.21 (br s, NH, 1H, minor B), 
8.20 (br s, NH, 1H, minor C),  7.49-7.29 (m, 2H major A, 2H minor B, 
2H minor C, 2H minor D), 7.31 (br s, NH, 1H minor C, 1H minor D), 
7.18-7.10 (m, 1H major A, 1H minor B), 6.99 (s, 2H major A, 2H minor 
B, 2H minor C, 2H minor D), 6.96 (s, 1H, NH major A, minor B), 6.62 
(br s,1H, NH, minor C, minor D), 6.47 (d, J = 8 Hz, 1H minor C, 1H 
minor D), 2.38 (s, 3H minor D), 2.34 (overlapped s, 3H minor B, 3H 
minor C), 2.31 (s, 3H major A), 1.96 (s, 6H major A), 1.92 (br s, 6H 
minor B), 1.88 (s, 6H minor C), 1.78 (s, 6H minor D), 1.57 (overlapped 
s, 9H minor C, 9H minor D), 1.53 (br s, 9H minor B) 1.00 (s, 9H major 
A). 13C NMR (101 MHz, CD2Cl2, several peaks not located due to ap-
parent overlap of major/minor isomer peaks): δ 187.6, 138.9, 138.3, 
137.7, 136.9, 136.0, 133.5, 130.2, 129.2, 129.0, 128.5, 127.2, 122.1, 
54.9, 31.2, 29.0, 21.2, 21.1, 20.6, 20.5. Anal. calcd for C20H26N2AuCl: 
C, 45.59; H, 4.97; N, 5.32 %. Found: C, 45.92; H, 4.92; N, 4.93 %. 

Chloro(N-2-mesitylphenyl-Nʹ-isopropyl-Nʹ-methyldiaminocar-
bene)gold(I) (5c).  White solid, yield 100 mg (86%). Mixture of two 
conformational isomers: major 93%, minor 7% by integration of 1H 
NMR signals. Rf 0.20 (4:1 hexanes: CH2Cl2). 1H NMR (400 MHz, 
CD2Cl2): δ 8.35 (d, J = 8 Hz, 1H, major), 8.25 (d, J = 8 Hz, 1H, minor), 
7.49-7.45 (m, 1H major, 1H minor), 7.40-7.36 (m, 1H major, 1H mi-
nor), 7.18 (dd, J = 4 Hz, 1H major, 1H minor), 7.00 (s, 2H major, 2H 
minor), 6.85 (br s, 1H major, 1H minor), 5.37-5.27 (m, 1H major), 3.51 
(m, 1H minor), 3.46 (s, 3H, minor), 2.33 (s overlapped, 3H, major), 
2.33 (s overlapped, 3H, major), 2.31 (s, 3H, minor), 1.97 (s over-
lapped/shoulder, 6H, minor), 1.96 (s, 6H, major), 1.22 (d, J = 8 Hz, 6H, 
major), 0.89 (d, J = 8 Hz, 6H, minor).  13C NMR (101 MHz, CD2Cl2, 
six peaks in carbene/aromatic region not located due to apparent over-
lap of major/minor isomer peaks): δ 189.0, 138.6, 138.2, 136.7, 136.6, 
134.1, 133.4, 130.3, 130.2, 129.1, 129.0, 128.7, 128.3, 127.1, 123.7, 
123.6, 61.8, 48.8, 40.6, 27.7, 21.2, 21.1, 20.7, 20.44, 20.36, 19.1. Anal. 
calcd for C20H26N2AuCl: C, 45.57; H, 4.98; N, 5.32 %. Found: C, 
45.43; H, 4.88; N, 5.23 %. 

Chloro(N-2-mesitylphenyl-Nʹ,Nʹ-diisopropyldiaminocar-
bene)gold(I) (5d).  White solid, yield 102 mg (83%). Rf 0.27 (alumina, 
4:1 hexanes/CH2Cl2). 1H NMR (400 MHZ, CD2Cl2): δ 8.29 (d, J = 7.9 
Hz, 1H), 7.44 (m, 1H), 7.36 (m, 1H), 7.11 (m, 2H), 6.98 (s, 2H), 5.38 
(br s, 1H), 3.67 (sept, J = 7.3 Hz, 1H), 2.28 (s, 3H), 1.95 (s, 6H), 1.24 
(d, J =  6.7 Hz, 6H), 0.84 (d, J = 7.3 Hz, 6H). 13C NMR (101 MHz, 
CD2Cl2, only one set of iPr peaks observed due to fluxionality): δ 189.3, 
138.8, 138.7, 136.9, 134.0, 133.8, 130.1, 129.2, 128.2, 127.0, 123.8, 
46.6, 21.1, 20.6, 20.0. Anal. calcd for C22H30N2AuCl: C, 47.62; H, 5.45; 
N, 5.05 %. Found: C, 47.44; H, 5.52; N, 4.85 %. 

Chloro(N-2,6-dimesitylphenyl-Nʹ-isopropyldiaminocarbene 
gold(I) (6a).  White solid, yield 90 mg (82%). Mixture of two confor-
mational isomers: major 95%, minor 5% by integration of 1H NMR 
signals. Rf 0.05 (3:2 hexanes:CH2Cl2). 1H NMR (400 MHz, CD2Cl2): δ 



14 

7.56 (t, J = 7.6 Hz, 1H, major), 7.51 (br m, 1H, minor), 7.29 (d, J = 7.6 
Hz, 2H, major), 7.26 (br s, 2H, minor), 6.99 (s, 4H, major), 6.94 (s, 4H, 
minor), 6.74 (br s, 1H, major), 6.66 (br s, 1H, minor), 5.93 (br m, 1H, 
minor), 5.71 (br s, 1H, major), 4.08 (septet, J = 6.5 Hz, 1H, major), 3.11 
(multiplet, 1H, minor), 2.33 (s, 6H, major), 2.28 (s, 6H, minor), 2.17 (s, 
12H, minor), 2.05 (s, 12H, major), 0.95 (d, J = 6.6 Hz, 6H, major), 0.81 
(d, J = 6.4 Hz, 6H, minor).  13C NMR (101 MHz, CD2Cl2, six peaks in 
carbene/aromatic region and two in aliphatic region not located due to 
apparent overlap of major/minor isomer peaks): δ 187.8, 139.1, 138.3, 
137.7, 135.3, 134.4, 132.1, 131.6, 130.8, 129.6, 129.4, 128.9, 53.2, 
22.7, 21.7, 21.2, 21.1, 21.0. Anal. calcd for C28H34N2AuCl: C, 53.30; 
H, 5.43; N, 4.44 %. Found: C, 53.88; H, 5.49; N, 4.31 %. 

Chloro(N-2,6-dimesitylphenyl-Nʹ-tert-butyldiaminocarbene 
gold(I) (6b).  White solid, yield 95 mg (84%). Mixture of two confor-
mational isomers: major 94%, minor 6% by integration of 1H NMR 
signals. Rf 0.06 (3:2 hexanes:CH2Cl2). 1H NMR (400 MHz, CD2Cl2): δ 
7.57 (t, J = 7.7 Hz, 1H major, 1H minor), 7.31 (d, J = 7.6 Hz, 2H, 
major), 7.27 (d, J = 7.6 Hz, 2H minor), 6.99 (s, 4H, major), 6.93 (s, 4H 
minor), 6.81 (s, 1H major, 1H minor), 5.99 (br s, 1H, major), 5.96 
(overlapped/shoulder, 1H, minor), 2.32 (s, 6H, major), 2.28 (s, 6H mi-
nor), 2.06 (s, 12H major, ,12 H minor), 1.24 (s, 9H, major), 0.95 (s, 9H 
minor). 13C NMR (101 MHz, CD2Cl2, four peaks in carbene/aromatic 
region not located due to apparent overlap of major/minor isomer 
peaks): δ 188.3, 140.3, 139.8, 138.2, 137.7, 135.3, 135.2, 134.3, 131.6, 
130.7, 129.7, 129.69, 129.3, 129.1, 54.4, 32.0, 30.8, 29.3, 23.0, 21.2, 
21.1, 14.2. Anal. calcd for C29H36N2AuCl: C, 54.00; H, 5.63; N, 4.34 
%. Found: C, 53.84; H, 5.67; N, 4.21 %. 

Chloro(N-2,6-dimesitylphenyl-Nʹ-isopropyl-Nʹ-methyldia-
minocarbene)gold(I) (6c).  White solid, yield 96 mg (85%). Rf 0.16 
(3:2 hexanes:CH2Cl2). 1H NMR (400 MHz, CD2Cl2): δ 7.53 (t, J = 7.6 
Hz, 1H major), 7.28 (d, J = 7.6 Hz, 2H major), 6.92 (s, 4H major), 6.34 
(s, 1H, major), 4.83 (septet, J = 6.8 Hz, 1H, major), 2.30 (s, 6H, major), 
2.28 (s, 3H, major), 2.20 (br s, 12H, major), 0.87 (d, J = 6.8 Hz, 6H, 
major). 13C NMR (101 MHz, CD2Cl2,): δ 191.7, 140.6, 137.5, 136.4, 
135.9, 135.2, 130.7, 128.72, 128.67 (br), 60.5, 26.9, 21.8 (br), 21.0, 
19.8. Anal. calcd for C29H36N2AuCl: C, 54.00; H, 5.63; N, 4.34 %. 
Found: C, 53.89; H, 5.68; N, 4.43 %. 

 Chloro(N-2,6-dimesitylphenyl-Nʹ,Nʹ-diisopropyldiaminocar-
bene gold(I) (6d).  White solid, yield 103 mg (88%). Rf 0.13 (3:2 hex-
anes:CH2Cl2). 1H NMR (400 MHz, CD2Cl2): δ 7.55 (t, J = 7.6 Hz, 1H), 
7.28 (d, J = 7.6 Hz, 2H), 6.96 (br s, 2H), 6.86 (br s, 2H), 6.54 (br s, 1H, 
NH), 4.88 (br s, 1H), 3.47 (m, 1H), 2.48(s, 6H), 2.26 (s, 6H), 1.93 (s, 
6H), 0.96 (d, J = 6.8 Hz, 6H), 0.85 (d, J = 7.2 Hz, 6H). 13C NMR (101 
MHz, CD2Cl2, 3 ℃): δ 192.0, 140.9, 137.5, 135.5, 134.8, 130.6, 129.3, 
128.9, 128.1, 46.0, 23.1 (br), 21.1 (br), 21.0, 20.6 (br), 20.5. Anal. calcd 
for C31H40N2AuCl: C, 55.32; H, 5.99; N, 4.16 %. Found: C, 55.25; H, 
5.82; N, 4.31 %. 

Chloro[2,6-bis(2,6-diisopropylphenyl)phenylisocyanide]gold(I) 
(12).  A solution of CNArDipp2 11 (200 mg, 0.47 mmol) and Au(THT)Cl 
(145 mg, 0.45 mmol, 0.95 equiv.) in dry CH2Cl2 (2 mL) was placed in 
a reaction vial under nitrogen atmosphere inside a glovebox.  The vial 
was sealed and removed from the glovebox, and the reaction mixture 
was stirred at 25 °C overnight. The reaction mixture was then filtered 
through Celite, and hexanes were added to precipitate the crude product 
as a white solid.  The product was purified by recrystallization from 
CH2Cl2/hexanes.  White solid, yield 270 mg (87%). Rf 0.30 (2:1 hex-
anes:CH2Cl2). 1H NMR (500 MHz, CD2Cl2) δ 7.71 (t, J = 7.7 Hz, 1H), 
7.47 (t, J = 7.8 Hz, 2H), 7.40 (d, J = 7.7, 1.0 Hz, 2H), 7.31 (d, J = 7.8Hz, 
4H), 2.47 (septet, J = 6.8 Hz, 4H), 1.14 (dd, J = 6.8 Hz, 6.9 Hz, 24H). 
13C NMR (126 MHz, CD2Cl2) δ 146.8, 144.6, 140.7, 133.2, 131.5, 
130.6, 130.2, 124.9, 123.8, 31.5, 24.6, 24.2. Anal. calcd for 
C31H37NAuCl: C, 56.75; H, 5.68; N, 2.13 %. Found: C, 56.64; H, 5.69; 
N, 2.16 %. 

Chloro[N-2,6-bis(2,6-diisopropylphenyl)phenyl-N'-isopropyl-
N'-methyldiaminocarbene]gold(I) (13c). A solution of 
Au(CNArDipp2)Cl (50 mg, 0.075 mmol) in CHCl3 (1.0 mL) was placed 
in a reaction vial under nitrogen atmosphere inside a glovebox. The vial 
was sealed with a septum cap and removed from the glovebox, and 
iPrMeNH (16 μL, 0.150 mmol, 2 equiv) was added via microsyringe.  
The reaction mixture was then heated to 60 °C for 6 h.  After consump-
tion of the gold isocyanide complex as monitored by TLC, the reaction 

mixture was cooled to room temperature and filtered through Celite. 
Hexanes were added to precipitate the crude product as a white solid.  
The product was purified by recrystallization from CH2Cl2/hexanes. 
Mixture of two conformational isomers: major 95%, minor 5% by in-
tegration of 1H NMR signals. Rf 0.30 (4:1 hexanes: CH2Cl2). Yield 32 
mg (59%). 1H NMR (500 MHz, CD2Cl2; visible minor isomer peaks 
noted; others overlapped or not visible) δ 7.56 (t, J = 7.6 Hz, 1H, ma-
jor), 7.38 – 7.32 (m, 4H, major), 7.22 (d, J = 7.8 Hz, 4H, major), 6.23 
(s, 1H, major), 4.92 (septet, J = 6.6 Hz, 1H, major), 3.11 (s, 3H, minor) 
2.90 (br s, 4H, major), 2.24 (s, 3H, major), 1.32 (d, J = 6.8 Hz, 12H, 
major), 1.30 (d J =  5.4 Hz, 12H, minor), 1.28 (d J =  3.3Hz, 12H, 
minor) 1.06 (d, J = 6.6 Hz, 12H, major), 0.87 (d, J = 5.9 Hz, 6H, major), 
0.73 (d, J = 6.6 Hz, 6H, minor). 13C NMR (101 MHz, CD2Cl2; minor 
isomer peaks not visible) δ 192.5, 147.3, 141.0, 136.9, 135.7, 131.7, 
128.9, 128.5, 123.4, 60.8, 31.6, 27.3, 26.2, 24.5, 19.9. Anal. calcd for 
C35H48N2AuCl: C, 57.65; H, 6.63; N, 3.84 %. Found: C, 57.50; H, 6.56; 
N, 3.75 %. 

Gold-catalyzed 1,6-enyne cyclization/hydroarylation.  The 
gold catalyst [(L)Au]+[SbF6]- was freshly prepared by stirring 
(L)AuCl (3.8-5.1 mg, 5 mol%) and AgSbF6 (2.6 mg, 5 mol%) in 
DCE (1.0 mL) for 15 min in a reaction vial inside a nitrogen-filled 
glovebox.  The mixture was then passed through a 1.0 cm pad of 
Celite in a glass Pasteur pipet, and the filtrate was added to a solu-
tion of N-cinnamyl-4-methyl-N-(prop-2-yn-1-yl)benzenesulfona-
mide (7) (50 mg, 0.15 mmol) and indole (20 mg, 0.17 mmol) in 1.0 
mL of dry DCE under nitrogen atmosphere.  The vial was sealed 
with a septum cap, and the reaction mixture was stirred at 25 °C for 
3 h. The mixture was filtered through Celite, evaporated under re-
duced pressure, and purified using silica column chromatography 
(5:1 hexanes:EtOAc).  The ratio of products 10 and 11 was obtained 
by comparing the 1H NMR integral values of the two signals at δ 
6.59 (d, J = 1.9 Hz, 1H, 10), 4.75 (d, J = 1.5 Hz, 1H, 11). 

 

COMPUTATIONAL METHODS 
DFT calculations were performed using the Gaussian 09 software 

package67 with the BP86 functional.68 Main group elements were de-
scribed using the 6-31+G(d) Pople basis set as implemented in Gauss-
ian 09.69  Gold was described using the relativistic core potential and 
valence basis set combination of Stevens et al.,70 denoted CEP-31G in 
Gaussian09.  This choice of methods was based upon results of a 
benchmark study performed on a model of complex 5c (see the Sup-
porting Information) and on published studies demonstrating that the 
BP86 functional with similar basis sets reliably models key structural 
features of related gold(I) complexes.71  Dispersion-corrected calcula-
tions utilized Grimme’s D3 dispersion correction.53  All geometry op-
timizations were conducted in the gas phase and were validated through 
frequency calculations, which verified the structures as energetic min-
ima with no imaginary frequencies.  Noncovalent interaction plots were 
generated from calculated electron densities using NCIPLOT 3.0,55-56 
and visualized using VMD72 at an isovalue of 0.5. 

Percent buried volumes (%Vbur)27c,50 and steric maps51b were calcu-
lated using SambVca 2.051a with the following input parameters and 
options:  Bondi radii scaled by 1.17, sphere radius 3.5 Å, mesh spacing 
for numerical integration 0.05, hydrogen atoms omitted.  All %Vbur cal-
culations used the crystallographic Au-Ccarbene distances in order to ac-
count for the effect of variations in metal-ligand distance on steric 
shielding. 
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