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Abstract: The advent of homogenous gold catalysis has revolutionized the way of approaching organic synthe-
sis providing new and desirable solutions for challenging chemical manipulations of unactivated unsaturated
hydrocarbons. In the realm of aromatic compounds, dearomatization protocols have been emerging as valu-
able synthetic tools to densely functionalized polycyclic 3D-molecular scaffolds, starting from readily available
2D-aromatic congeners. Gold catalysis contributed substantially in expanding this scenario enabling the con-
densation of numerous electron-rich arenes with hydrocarbons, resulting in the partial or total dearomatization of
the aryl fragment. An overview of the most recent findings in the field, organized by type of electrophilic partners,
is hereby presented.
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1. Introduction

The dearomatization reaction enables
the synthesis of structurally non-trivial
3D-polycyclic fusedcarbon-andheterocy-
clic scaffolds starting from a readily avail-
able and low cost 2D-chemical space.[1]
The partial or total dearomatization of the
aromatic congeners is an endoenergetic
process that commonly requires external
additives in order to achieve syntheti-
cally useful reaction conditions and de-
sirable levels of selectivity. In this realm,
catalysis is the ultimate tool[2] and ho-
mogenous gold(i) catalysis[3] contributes
substantially in discovering, developing
and consolidating new opportunities for
the direct realization of densely function-
alized polycyclic compounds. The main
strategy for the gold-assisted dearomati-
zation of aromatic compounds relies on
the condensation of electron-rich arenes/
heteroarenes with π-systems (i.e. alkynes,
allenes, alkenes) via inter- as well as in-
tramolecular processes (Fig. 1).[4] The
unique aptitude of gold(i) species in per-

forming the electrophilic activation of
unsaturated hydrocarbons makes the site-
selective manipulation of aromatic com-
pounds with π-systems feasible under ex-
tremely mild conditions. Enantioselection
is also accessible by means of chiral gold
complexes. However, being in its infan-
cy, many limitations can still be found.
Among the others it is worthy of men-
tion that while gold catalysis found sat-
isfactory results in the dearomatization
of electron-rich hetero-compounds (i.e.
indoles, naphthols and phenols), elec-
tron-deficient as well as electron-neutral
arenes still suffer from poor reactivity in
the dearomative process. Additionally,
intermolecular methodologies are far less
investigated than intramolecular ones and
developments in these directions are ex-
pected in the near future.

In the present mini-review, the most
recent findings regarding the use of gold
complexes in dearomative protocols, have
been collected and organized based on
the type of π-system employed. There is
no intent to provide a comprehensive and
exhaustive picture of the field; on the con-
trary, we wish to provide a useful guideline
to practitioners emphasizing scopes, limi-
tations and possible perspectives of this
emerging research field.

2. Results and Discussion

2.1AlkynesasElectrophilicPartners
Alkynes are probably the most used

unsaturated hydrocarbons in combina-
tion with homogenous gold catalysis.[5]
Therefore, it is not surprising to record
that the highest number of gold-catalyzed
dearomative examples involves the con-
densation of substituted electron-rich
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quence based on the use of properly de-
signed substituted 1-naphthols[14a] and
phenols.[14b] For a rapid generation of
the acyclic precursors (9), the team took
advantage of their expertise in the Ugi
condensation, running a four-component
variant encompassing electron-rich aro-
matic arenes such as naphthols, phenols
and indoles. The use of PPh

3
AuOTf (10

mol%) or IPrAuOTf (10 mol%, Scheme
2c) triggered the cascade protocol via se-
lective activation of the C–C triple bond.
A range of polyheterocyclic scaffolds 10
was obtained in very high yield and abso-
lute diastereoselectivity.

2.2 Allenamides/Allenoates and
Ynamides as Electrophilic Partners

Electronically modified π-systems
such as allenamides (i.e. N-allenyl am-
ides), allenoates and ynamides have re-
ceived great attention by the chemical
community due to their ready availability,
easy chemical decoration and property
fine-tuning by means of metal as well as
metal-free catalysis.[15] In this context, our
group documented the [Au(i)]-catalyzed
intermolecular condensation of N-allenyl
amides 12 with C(2,3)-disubstituted in-
doles to give C(3)-allylated indolines.[16a]
The regioselectivity of the protocol was
entirely governed by the metal counterion,
with TFA (i.e. trifluoroacetate) being far
superior with respect to less coordinating
ones (Scheme 3a).[16b] The enantioselec-
tive variant of this dearomative process
was presented by Chen in the presence of
chiral C(1)-symmetric phosphoramidite

matization/ipso-cyclization of 4-substi-
tuted 1-naphthols 5 by You and Zhang.[12]
Preliminary insights into the realization
of an enantioselective variant were also
provided by means of chiral counterion
methodology (ee up to 90%, Scheme 2a).
Excellent functional group tolerance and
high yields (up to 99%) were obtained un-
der mild reaction conditions.

Our group has recently joined the
field by documenting a combined ex-
perimental/computational gold cata-
lyzed (JohnPhosAu(ACN)SbF, 2.5
mol%) [3,3]-sigmatropic rearrangement/
dearomative coupling/allenyl-trapping
sequence, leading to regio- and stereo-
chemically defined naphthalen-2(1H)-
ones 8 in high yields (up to 99 %, Scheme
2b).[13a] Mild reaction conditions (rt, re-
agent grade solvent, no moisture restric-
tions) and short reaction time (mins) en-
forced the synthetic appeal of the proto-
col. Simultaneously, the Gagné group[13b]
reported a similar dearomative approach
of 2-naphthols by subjecting aryloxy
ethers comprising allylic, propargylic as
well as allenylic side-arms to PPh

3
AuNTf

2
catalysis (5–10 mol%). Interestingly, the
dearomatization of the 2,4,6-trimethyl-
phenol was also realized by condensing
the transient C(2)-allylated intermediate
with a dienophile trap.

Conventional dearomatization/ipso-
cyclization of naphthols leads to unsatu-
rated ketones that has rarely been sub-
jected to subsequent chemical events.
However, van der Eycken and colleagues
have proposed an interesting cascade se-

arenes with activated as well as unacti-
vated triple bonds. These protocols com-
monly describe intramolecular condensa-
tions with properly designed molecular
scaffolds that, upon cyclization result in
5- or 6-membered polycyclic structures.
In terms of arenes, phenols and indoles
are the main players and the use of substi-
tuted alkynes proved competent in trigger-
ing cascade reactions with applications in
the synthesis of naturally occurring com-
pounds.[6] It is worthy to mention that no
intermolecular variants of alkyne-assisted
dearomative protocols by means of gold
catalysis have been described up to now.

2.1.1 Dearomatization of Indoles
The pioneering work by Echavarren

and coworkers[7] in 2007 paved the way for
many research teams that addressed their
efforts in realizing structurally elaborated
compounds via gold-catalyzed activation
of alkynes.[8]

In 2015, the Toste group[9] reported
the synthesis of enantiomerically enriched
cyclopenta[b]indoles 2 (ee up to 97%) by
means of enantioselective Rautenstrauch-
like rearrangement of C(3)-substituted
indoles (Scheme 1a).

Later on, the site-selective
dearomatization of N-propargyl-2-bromo-
β-tryptamines was described byGuinchard
and coworkers in a diastereoselective pro-
tocol [up to 93:7].[10a,c] The presence of the
bromine atom at the C(2)-position of the
acyclic starting material played a double
function: i) preventing the re-aromatiza-
tion of the system; 2) enabling the forma-
tion of the corresponding oxo-indole via
final treatment with TFA. Shortly after,
the same team also documented on the
enantioenriched synthesis of the C(2)-
spiro-indolines 4 via gold-catalyzed enan-
tioselective desymmetrization of the N,N-
dipropargyl tryptamine 3 (er up to 84:16,
Scheme 1b).[10b]

2.1.2 Dearomatization of Phenols/
Naphthols

The extension of the protocol to oxy-
genated compounds (i.e. phenols) was not
long in coming. In particular, Hamada was
the first to document the dearomatization
of 4-substituted phenols in the presence
of IPrAuNTf

2
(5 mol%) and MsOH (100

mol%).[11a] Almost simultaneously, the
intramolecular dearomatization of aryl
alkynoate esters (PPh

3
AuCl/AgOTf, 5

mol%) was reported by Vadola and col-
leagues.[11b,c] It is worth mentioning that
the latter approach was also very recently
implemented in a di-functionalization of
the triple bond by combining gold catalysis
and visible-light photoredox catalysis.[11d]

Subsequently, the combination of
PPh

3
AuCl and AgOMs (both 5 mol%)

was successfully adopted in the dearo-
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important limitations such as adoptable
arene and reaction-design suggest that fur-
ther developments in the area should be
considered a certitude.
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organic synthesis. The combination of
homogenous gold catalysis and dearoma-
tive processes offers a unique opportunity
to accomplish the target. Although being
in its early stage developments, the gold-
catalyzed dearomatization of electron-rich
arenes is at the forefront in terms of synthe-
sis of biologically relevant compounds and
stereochemistry control. The undoubted
scientific interest for this synthetic meth-
odology, accompanied by some current

gold complexes. A range of pyrroloin-
dolines was realized in excellent yields
and very high enantiomeric excesses (ee
up to 97%).[17] Subsequently, we also re-
alized the enantioselective synthesis of
C(2,3)-cyclobutane-fused indolenines 14
with a similar approach by introducing an
electron-withdrawing group at the N(1)-
position of the indole that favored the for-
mal [2+2]-cycloaddition event (Scheme
3b).[18] With an analogous approach but
through a [5+2]-cycloaddition, very re-
cently Yoo and coworkers documented
the AuCl (5 mol%) dearomatization of
quinolinium zwitterions with allenamides
to provide 1,4-diazepines in high yields.[19]

Very recently, ynamides have also
found application in the IPrAuNTf

2
cata-

lyzed (3 mol%) oxidative intramolecular
annulation of N-alkylated tryptamines 15
with pyridine N-oxide (16).[20] The meth-
odology exploits the unique reactivity of
gold-carbene intermediates that can be
conveniently generated in situ by avoiding
the use of hazardous diazo compounds.[21]
A library of tetracyclic-fused spiroin-
dolines 17 is obtained in very high yield
and diastereoselection (Scheme 3c).

Allenoates are π-systems featuring
complementary electronic properties with
respect to N-allenyl amides and ynamides
(electron-poor vs electron-rich allenyl
groups). Despite that, PPh

3
AuCl/AgOTf (5

mol%) promotes the ipso-dearomatization
of phenols that tether allenoate groups.
The methodology proved competent for
the preparation of densely functionalized
di-spirocyclohexadienones.[22]

2.3 Diazo- as Electrophilic Partners
The metal-assisted transfer of carbenes

from diazo compounds is a current hot
topic in organic synthesis and gold cataly-
sis has been recently applied to the selec-
tive dearomatization of heteroarenes (i.e.
indoles and benzofurans).[23] In particular,
Sun and coworkers documented the con-
densation of diazoesters 18 with nitrogen-
protected indoles followed by treatment
with silica gel and air (IPrAu(PhCN)BAr

F
,

5 mol%).[24a] Under these conditions, the
(Z)-3-methyleneindoline intermediate 19
underwent a metal-free Schenck ene-type
aerobic oxidation to form oxoindoles 20 in
a high diastereoselective manner (Scheme
4). Similar reactivity butwith reverse regio-
selectivity (C(2) vs C(3)) was also docu-
mented by the same team in the presence
of benzofurans.[24b]

3. Conclusions

In summary, the direct and selective
creation of chemical complexity/diversity
from cheap and readily available start-
ing materials is a ‘holy-grail’ of modern
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