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ABSTRACT. A gallium-catalyzed C-H propargylation of arenes using bromoallenes is
described. The development of this new reaction was first hampered by a side hydroarylation

process catalyzed by adventitious protons, easily generated from the solvent (1,2-dichloroethane).



This hidden Brensted acid catalysis could be bypassed by using K>COj3 as insoluble base. The
unexpected compatibility of this base with the Lewis acid catalyst GaCls allowed a strictly
gallium-catalyzed process that was thoroughly studied by kinetics, "'Ga NMR experiments and
DFT computations. The GaClz/K>COs system triggers the C—H propargylation of a wide range of

arenes and heteroaromatics using a variety of bromoallenes.

INTRODUCTION. Organic synthesis greatly relies on catalytic processes, a large part of
which involving Lewis acids. This covers a wide range of transformations, including industrially
relevant ones such as aldol, Friedel-Crafts, Mannich, Michael reactions, coupling reactions, etc.
The field of Lewis-acid catalyzed homogeneous transformations is still a thriving area of
research in which impressive progress is frequently reported. The quest for the true active
species in these reactions is also still actively pursued, and often offers many surprises. For
instance, the role of superelectrophilic species,’ i.e. Lewis acids activated by themselves or other
electrophilic species, > has been disclosed in some reactions such as the carbonyl-olefin
metathesis, *** the Friedel-Crafts alkylation,’ the Diels-Alder cycloaddition® or the transfer
hydrogenation of alkenes.* In addition to such unexpected associations of metals and ligands, the
active species can be formed more insidiously (Scheme 1). For instance, decomposition
processes may generate a new Lewis acid from the counterions of the introduced complex, a
phenomenon that one could call hidden Lewis acid catalysis.” Another decomposition pathway
that can take place with strong Lewis acids is the formation of Brensted acids, notably
superacids, from traces of water, from the solvent or from the ligands. These proton donors may

act as the true active species, a phenomenon referred to as hidden Bronsted catalysis.®
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Scheme 1. Possible Decomposition Pathways Leading to the Real Active Species.

Some tests based on the selectivity of catalytic reactions,” on the loss of activity,'® or on the
formation of colored cations,!! have been developed to reveal the Lewis or Brensted acidity
under given experimental conditions. What remains more common is a blank test with the
Brensted acid corresponding to the Lewis acid used (e.g. HOTf or HNTf, if M(OTf), or
M(NTf,)n have been employed), or the use of a proton scavenger such as 2,6-di-tert-
butylpyridine (DTBP), expected to catch only protons and not metals due to its steric
hindrance.!? However, these tests can be flawed for many reasons: (i) the selectivity of these
Bronsted acid-catalyzed processes can be indistinguishable from that expected for metal-
catalyzed pathways,'>!* (ii) proton scavengers can trap metal ions by forming an out-of-plane c-
complex (Scheme 2, Eq 1), or react with a chlorinated solvent, leading to the deactivation of
the Lewis acid (Scheme 2, Eq 2)’%, and iii) their protonated forms might also be active

catalysts.!®
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Scheme 2. Direct and Indirect Deactivation of the Catalyst by DTBP.

439,17 e have often been confronted to this

During our studies on gallium-catalyzed reactions,
dilemma and the difficulty to develop univocal reaction conditions that would allow the Lewis
acid to express its true nature. We assumed that, since the presence of a hidden acid is always a
source of questioning, the use of a weakly-soluble base that would not interact with the Lewis
acid nor perturb the catalytic cycle would allow a true metal-catalyzed event. This strategy was
applied in this study, in which we show how the C-H propargylation of arenes with
bromoallenes can be performed in the presence of a catalytic amount of GaCls in 1,2-
dichloroethane (1,2-DCE), as long as the insoluble base K,COs is present in the medium

(Scheme 3, Eq 3). In the absence of the base, a hidden-proton-catalyzed hydroarylation of the

allene prevails. With a soluble base, even a hindered one such as DTBP, no reaction takes place.
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Scheme 3. Gallium-Catalyzed C—H Propargylation of Bromoallenes.

The C-H propargylation of arenes is a reaction of great interest, allowing the direct
introduction of an easily transformable alkyne moiety'® through the formation of a Csp?>~Csp?
bond." In contrast with C—H allylations, which have been reported under various transition
metal-catalyzed conditions and others,?® the C—H propargylation of arenes has been much less

studied. In most cases, the coupling partner is a propargylic alcohol,?!

or an alkyne exhibiting a
leaving group at the propargylic position, but avoiding the Sn2’ process leading to an allene®?
instead of the alkyne has been rarely achieved.? Interestingly, Glorius and co-workers have
recently shown that bromoallenes could be used for the direct C—H propargylation of arenes
under manganese(I)/Lewis acid co-catalysis (Scheme 3, Eq 4).>* Usually, allenes exhibiting a
leaving group lead to C—H allenylation products with arenes,? but using Mn(CO)sBr as
precatalyst, BPh3 to strengthen the electrophilicity of the bromoallene and traces of water to
improve the solubility of the base (K3POs), virtually suppressed the formation of the arylallene.

While efficient, this method is limited to 2-pyridylindoles and 2-pyridylpyrroles as arene

partners.

Even though present in a variety of biologically active molecules,?® bromoallenes still represent
an underdeveloped class of reagents in organic chemistry.>” We recently reported a new synthetic
approach towards such compounds by electrophilic bromination of 7-alkynylcycloheptatrienes®®
and their use in different coupling reactions. We then envisioned broadening their application in
direct C-H propargylation by avoiding hidden Brensted catalysis. Herein, we disclose our
findings regarding the in-depth study on this reaction based on a kinetic study and DFT

computations, as well as its applicability to a wide range of substrates in a very efficient way.



RESULTS AND DISCUSSION.

We began our study by probing different catalytic systems towards the reaction of bromoallene
1a and anisole (Table 1). With GaCls as Lewis acid (5 mol%) in 1,2-DCE at 80 °C for 2 h, we
observed the p-allylation product 3aa instead of the C—H propargylation product 2aa (Entry 1).
While clearly identified as the major component of the mixture, 3aa could not be separated from
impurities. It became possible to isolate it in pure form using ZnBr; (Entry 2). Lower reactivity
and decomposition were respectively observed with the corresponding chloro- or iodoallene (see
the Supporting Information, Table S7)The same allylation product was isolated in good yield
using HOTf or HNTH, as catalyst (Entries 3 and 4). We thus supposed that under such reaction
conditions, 3aa was the result of a protocatalyzed reaction, meaning hidden Bronsted catalysis
with GaCls and ZnBr». Several bases were tested to avoid this protocatalysis (2 equiv, Entry 5).
The soluble bases tBuOK, EtsN and DTBP quenched the reactivity, but it could be due to the
formation of a donor-acceptor complex trapping the Lewis acid, even with DTBP with which
one can expect the formation of an out-of-plane c-complex, as shown in Scheme 2, Eq 1. DFT
calculations support this scenario with DTBP and GaCls, the corresponding solvent-corrected
free energy being -15.8 kcal/mol (see the Supporting Information, Scheme S1). Poorly soluble
carbonates were then tested (Entries 6-8). A complete change of selectivity in favor of the C—H
propargylation product 2aa was observed with Li2CO3, NaxCO3 and K>COs. With the latter, an
excellent yield of 90% was obtained.? Gratifyingly, the reaction could be scaled up to 2 mmol
without affecting the yield (87%, 0.47 g) (Entry 9). On the other hand, the more soluble base
Cs2COs led to a lower conversion and a poor 2aa/3aa selectivity (Entry 10). Using NaHCO3, full

conversion was reached, but 3aa was obtained as the major product (Entry 11). Lastly, with



K3POs, the conversion was limited to 68% (Entry 12). Potassium carbonate was thus chosen as
the best base and other factors were next screened. Having verified that the metal catalyst was
mandatory, we tested various Lewis acids of the Group 13 series (B, Al, Ga, In) and also Fe, Ag,
Au and Zn salts (see the Supporting Information, Tables S1-2). The best of this series was
actually ZnBr», but it is not as selective as GaCls.?® Going back to GaCls, lowering the
proportion of KoCO3 lowered the selectivity (Entries 13 and 14). Regarding the reaction media,
while dichloromethane and toluene proved compatible with the title transformation (Entries 15
and 16), all strongly coordinating solvents prevented the reaction (Entry 18). Importantly, in
toluene, a solvent in which less protons are released than in a chlorinated one,”® the C-H

propargylation works without an external base, but the selectivity is not as high as in 1,2-DCE

(Entry 17).
Table 1. Optimization of the Reaction Conditions.
Br tBu
cat. (5 mol%) H ph o |
Ph>: :<Br /@ base (X equiv.) — (Bu Ph
H Bu  Meo 1,2-DCE (0.2 M)
la ) 2h. 80 °C 2aa 3aa
(3 equiv.) ’ MeO
OMe
Conv. Ratio Yield 2aa
Entry Cat. Base X
[%o] 2aa/3aa [%]¢
1 GaCls - - 100 0/1 b
2 ZnBr; - - 100 0/1 67
3 HOTf - - 100 0/1 73
4 HNTf; - - 100 0/1 83
5 GaCls BuOK, EtN, 2 0 i i
or DTBP
6 GaCl; Li,CO; 2 100 1/0 45¢



7 GaCls Na,COs 2 100 1/0 30

8 GaCl; K:COs 2 100 1/0 920
9 GaCls K>CO; 2 100 1/0 874
10 GaCls Cs2COs 2 71 59/41 -

11 GaCl; NaHCO; 2 100 44/66 96
12 GaCls K3PO4 2 68 90/10 -

13 GaCls K>CO; 1 100 83/17 81
14 GaCls K>CO; 0.2 100 41/59 -
15 GaCls K>CO; 2 100 1/0 90°¢
16 GaCls K>CO; 2 100 1/0 75t
17 GaCls - 2 100 57/43 88t
18 GaCls K>COs 2 - - -8

“Yields of isolated 2aa. ° Not separable from impurities. “ Not pure. 4 Reaction on a 2 mmol
scale. ¢ Reaction performed in DCM at 40 °C./ Reaction performed in toluene. ¢ Reaction
performed in Et,O, THF, AcOEt, DMF or 1,4-dioxane.

To the best of our knowledge, this is the first time that GaCls is used jointly with a Brensted
base in a catalytic transformation. We should also point out that this method is complementary to
that reported by Glorius,?* since the Mn(I)/BPhs catalytic system is inactive with, for instance,
anisole (Scheme 4, Eq 5). Clearly, the allylation product 3aa is not an intermediate towards the
propargylation product 2aa, as shown in Eq 6. It seems also clear that K2COs acts as a buffer in
this system, as introducing a soluble proton source such as pivalic acid dramatically lowered the

yield (Eq 7).
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Scheme 4. Control Experiments.

Subsequently, we tested the versatility of the catalytic system with respect to different arenes
and bromoallenes 1 (Scheme 5). The tested arenes proved to be effective coupling partners, in
spite of the electronic effects at the ortho-, meta-, and para-positions (2ab-2aj). We were also
pleased to see that variously substituted phenols were exclusively propargylated at the para or
ortho position (2ak-2an, 78-93%). The reaction sequence is not limited to phenyl nucleophiles
but could be also extended to heteroaromatics displaying indenyl, pyrrolyl, furyl or thienyl
groups, delivering 2ao-2au with usually good regioselectivities. The substituents on the allene 1
are also not limited to tert-butyl and phenyl groups. Trisubstituted allenes bearing electron-poor

or electron-rich arenes, as well as alkyl groups, proved compatible with the gallium-catalyzed C—

H propargylation (2ba-2ia).

Eqg5

Eq 6

Eq7



GaCl; (5 mol%)

% Br H K,CO; (2 equiv.)
. +

:& 1,2-DCE (0.2 M)

H
(3 equiv.) 2h,80°C

1

Variation of aromatic nucleophiles (isolated yield)

Ph Ph Ph Ph Ph
MeQO ——1tBu Me ——1tBu MeO ——1tBu MeO ——tBu K ——1(Bu
+
+
MeO MeO Me F (0]

Me
2ab, 85% 2ac/2ac’ (50/50), 67% 2ad/2ad’ (63/37), 79%7
Ph Ph Ph Ph Ph
Me(){jg%mu Cﬁ%mu Cﬁ%mu — tBu = (Bu
Me MeS BnO 0 \O
2ae, 94% 2af, 91% 2ag, 64%" 2ah, 81%? 2ai, 77%
Ph Ph Ph Ph Ph
Cﬁ%ﬂau d%teu Ho{i%ﬂau Ho{jg%tsu Hogjg%tsu
_/—O HO Me Ph MeO
2aj, 84% 2ak, 82%” 2al, 93% 2am, 84% 2an, 78%

Variation of heteroaromatic nucleophiles

Ph Ph Ph
=——1tBu ——1tBu ——1tBu
\ I\ —
NH
N Me N Me NS
H H
2ao0, 90% 2ap, 66% 2aq, 63%
Ph Ph
Bu ftau — Bu
I\ I\
Me™ SO Me Me S Me
2ar, 50% 2as, 91% 2at, 76% 2au, 47%°
Variation of allenes
Cl MeO,C
=——1tBu =——1tBu OMe
OO S
MeO MeO
2ba, 82% 2ca, 79% 2da, 45% (p/o 55/45) 2ea, 53% (p/o 70/30)
Ph Ph Ph Ph
= = = ——nHex
OMe OBn Ph
MeO MeO MeO MeO

2fa, 86% 2ga, 72% 2ha, 74% 2ia, 60%

@Reaction performed at 40 °C, 72 h. PReaction performed at 25 °C, 24 h. °34% yield of the hydroarylation product also isolated (see Sl)



Scheme 5. Scope of Arenes and Bromoallenes.

Some incompatible substrates are indicated in the Supporting Information, Chart S1. Of note,
the 2-pyridylindole used by Glorius et al** (Scheme 3, Eq 4, R* = H) is not reactive under our
conditions.

To shed light on the mechanism of the C—H propargylation process, additional experiments
were performed (Scheme 6). First, the reaction of the enantioenriched bromoallene 1le is
accompanied by a great loss of the stereochemical information (Eq 8), which suggests a cationic
mechanism. Of note, the allene is configurationally stable under the reaction conditions without
any decomposition (Eq 9, ee determined by chiral HPLC). Stoichiometric reactions were
monitored by "'Ga NMR in CD>Cl, (Eqs 10 and 11). GaCls; was observed as a broad peak at 220
ppm, and no significant change apart from further broadening was observed after adding K-COs
(Eq 10). Either with or without the base, adding substrate 1a promoted an immediate change of
the "'Ga NMR spectrum, showing sharp peaks between 0 and 187 ppm, which are typical of the
presence of GaCls”, GaCl3Br", GaCl,Br2, GaCIBr3™ and GaBr4 3! This suggests an abstraction of
Br™ from 1a to generate GaCl3;Br’, which undergoes ligand redistribution. Addition of anisole to
this mixture did not change the spectrum. DFT computations indicate that the coordination of the
bromoallene to GaCls; or 0.5 GaxCls is a favorable process (-11.1 or -3.3 kcal/mol), as is the
formation of an ion pair (-2.2 kcal/mol, i.e. -13.3 kcal/mol from 1a and GaCls) (Eq 12).
Conductometry was used to corroborate the dissociation of Br™ of 1a in the presence of GaCls
and K>COs3 (see the Supporting Information, Figures S11-12). The conductivity increases

linearly with the 1a concentration, indicating almost complete dissociation into ions.

11



GaCls (5 mol%) nPent nPent

nPent, Br K,COg3 (2 equiv.) — —
e :Q_\ * Meo OMe OMe Eq8
DCE (0.2 M) OMe
OMe 2h,80°C
MeO
(S)-1e, 97% ee 2ea, ee : 10% 2ea’, ee: 10%

GaCl3 (5 mol%)
K,COj3 (2 equiv.)

(S)-1e, 97% ee lea, 97% ee Eq9
DCE (0.2 M)
2h,80°C
Ph Br
H la tBu
GaCly  + K,COs — .\ (Lequiv) Eq 10
(1 equiv.) (3 equiv.) L
220 ppm (broad) 220 ppm (broad)

0; 40; 84; 133; 187 ppm (sharp)
no clear change

GaCly,’; GaClsBr-; GaCl,Bry7; GaClBrg'; GaBry

GaCl,

Ph Br
(1 equiv.) >::< o Eq 11
+ H la tBu
220 ppm (broad) (1 equiv.)
DGjgg -11.1 | DGocn 2.2

Ph Br kcal/mol* ¢ 3Ga\\ kcazlfriol Ph GaCl3Br in accordance with the
>::< + GaClg Ph Br — data collected by Eq 12

H tBu >=:< H o conductometry (see Sl)

l1a H tBu

(* -3.3 with 0.5 Gazcle)

Scheme 6. Mechanistic Experiments.

KINETIC STUDY

As a further step to delineate the mechanism, we performed a reaction monitoring by 'H NMR
with an internal standard with stirring of the NMR tube at a spin rate of 50 Hz (Figure 1, left). If
not stirred efficiently, the formation of the hydroarylation product 3aa (marked in blue) was
observed in addition to the minor C—H propargylation product 2aa (marked in red) without any

decomposition of the substrate (Figure 1, right). This further confirms that if the insoluble base is

12



not efficiently dispersed into the reaction medium, the neutralization of the adventitious Brensted

acid is not efficient and the protocatalytic pathway prevails.

Standard conditions Without regular agitation
02+ 0.2 4,
o = [Bromoallene] laa
- % <
= S 2
2 | 2
g - '-‘_ﬂ,,ﬂ- A 5 = [Bromoallene] 1aa|
ﬁ L P Ly 'y 8 e [Product] 2aa
h -
*E -"hﬁ., N g 4 [By-product] 3aa
8 0.1+ : 8 0.1
g A . g WWWMWWM
] N & O . Vet
0 bt
A;~
3 £
P
& e
0.0 T T T T 0.0+ T T
0 2000 4000 6000 8000 0 10000 20000
Time (sec)

Time (sec)

Figure 1. 'H NMR spectroscopic monitoring of the reaction of 1aa (0.12 mmol) with anisole
(0.36 mmol) in the presence of K»CO3 (0.24 mmol) and GaCls (5 mol%) at 20 °C in CD>Cl;, with

(left) and without regular stirring (right).

Subsequent efforts were devoted to a detailed kinetic study of the gallium-catalyzed C—H
propargylation. When performed in the presence of a large excess (10 equiv) of anisole, an
exponential decay was observed for the concentration profile of 1a, consistently with a first-
order with respect to 1a with an apparent pseudo first-order rate constant of 4.6 10* s! (Scheme
7, see also the details of kinetic study in the Supporting Information, Figures S15-21). The
reaction order in anisole was determined by varying its concentration.’? When plotting the
logarithm of the apparent rate constant against the logarithm of the concentration of anisole
(from 3 to 8 equiv), the slope of the straight line indicated a negative order of -1.3 with respect to
anisole. The kinetic data clearly showed the ability of the nucleophile to inhibit the catalytic

efficiency of GaCls (vide infra). From a set of kinetic experiments with a catalyst loading
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varying within the synthetically relevant range (5—10 mol%), a half-order with respect to GaCls
was assessed using the VTNA method.** This result is consistent with the dissociation of Ga>Cle

into GaCls prior to the rate-determining step.

A. Rate order

GacClj (Y mol%) H

Ph>: :<Br . /@ K,COs (2 equiv.) —tBu
H MeO

tBu CD,Cl, (0.2 M), 300 K

la X equiv. = 2aa
(X equiv.) Y =5,10 MeG

order in GaClj:
0.5

order in anisole:
-1.320.5

order in susbtrate:
0.98+0.1

with rate constant
4,6.10™s

014 Order in bromoallene 1aa

Order in catalyst, with ¢ = 0.5

50+ Order in anisole (ky,, of 3/6/8 equiv)

°

124

Lk, = fLn(ianiso)
inear fting

°

Concentrations (M)

Ln([Br}/[Br];)
Li(kyys / seCY)
&

g

0.044

10 05 )
Ln(anisole] / M)

0 500 1000

Time (sec) Time*[catalyst]

B. Kinetic Isotope Effect

GaCls y Ph

R _
P*‘/E :<Bf . /©/ K,COs (2 equiv.) =—tBu
H MeO

tBu CD,Cl, (0.2 M), 300 K
R=HorD

la kH/kD =1.02 MeO 2aa

Scheme 7. Kinetic Investigations of the Gallium-Catalyzed C—H Propargylation of Arenes
Based on the Consumption of the Substrate using three independent methods relying on

2% ¢¢

“degeneration of order”, “initial rate” and “normalized time scale method”.

The approximately first order dependence of the reaction in substrate 1a and half order in Ga
suggest that bromine abstraction should be the rate-determining step rather than the addition of

anisole on the putative propargyl cation. This was further confirmed by deuterium labelling

14



experiments, where minor kinetic isotope effect of kw/kp= 1.02 was observed, indicating that a
C—H cleavage of the arene is not the rate-limiting step (see the Supporting Information).

DFT

To get more insight into the reaction mechanism, DFT computations were carried out using the
Gaussian 09 software package.’* Geometries of minima and transition states were optimized
using the ®B97-XD?° functional. The 6-31+G(d,p) basis set for selected all atoms.*® The values
presented are AG in kcal/mol at 298.15 K. They include solvation correction for
1,2-dichloroethane, obtained using the PCM method.?” The results are summarized in Scheme 8.
As a reference system (REF), we used 0.5 equiv of GayCls, which is the natural dimeric form of

3839 anisole and bromoallene 1a. The steps

GaCl; in the solid state and in weakly polar solvents,
corresponding to the dissociation of 0.5 Ga,Clg by anisole to form GaClz-(C7HgO) are provided
in the Supporting Information (Figure S25). The highest-lying transition state of this stepwise
dissociation was located at only 3.9 kcal/mol on the free energy surface. Computation of the
bromine abstraction in the presence of anisole yielded TSas, lying 6.0 kcal/mol above REF. It
connects the adduct A, containing GaCls-(C7HgO) and the bromoallene, to the corresponding ion
pair B, which is 3.8 kcal/mol more stable than REF.*’ Alternatively, B can be obtained after
ligand exchange between anisole and the bromoallene to give F, lying at 0.6 kcal/mol. The
corresponding transition state TSrs, found at 4.2 kcal/mol on the energy surface, is 1.8 kcal/mol
more stable than TSas. Attack of anisole to the propargyl cation was modeled through TSac,
providing the Wheland-type intermediate C at -7.0 kcal/mol. Its deprotonation could be
promoted by K»>COs;, with subsequent neutralization of the released proton by K>COs. The

kinetics of a proton elimination cannot be computed, but such a step would be highly exergonic,

leading to E at -69.1 kcal/mol. The deprotonation could also be triggered by the carbonate ions.

15



Of note, optimizing C and CO3* irremediably led to the barrierless formation of a C—O bond at
the anisole meta carbon due to the easy 1,4-addition (see Eq 13).*! The formation of the
carbonate adduct G is markedly exergonic by 40.3 kcal/mol from C. The deprotonation can then
be modeled, but the barrier to reach TSce is 28.2 kcal/mol, which seems difficult to surmount
under the reaction conditions. Another possibility is that the deprotonation is triggered by the
GaCl;Br counterion. In this case, either one chlorine or the bromine atom could serve as a base.
Using the bromine atom, the deprotonation transition state TScp was located at 2.0 kcal/mol.
With a chlorine atom, the corresponding transition state was found at 5.5 kcal/mol (not shown).
In spite of the rearomatization of the anisole moiety, the formation of D is endergonic by 7.8
kcal/mol, which is due to the solvent effect in favor of the ion pair C (without taking the effect of
the polar solvent into account, this step is actually exergonic by 2.4 kcal/mol, which in
agreement with the fact that C—H propargylation is observed in weakly polar toluene in the

absence of an external base).
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Scheme 8. Free Energy Profile (AGaes, kcal/mol) of the Gallium-Catalyzed C—H
Propargylation of Anisole with Bromoallene 1a (* see the Supporting Information for the
dissociation of GaxCls, Figure S25).

In the above mechanism, the rate-determining step (RDS) corresponds to the bromide
abstraction. It is consistent with the finding of an order 1 in bromoallene. The 0.5 order in GaCl;
is a good indicator that most of the catalyst is present as the inactive dimer Ga2Cls before the
RDS.?* Such species are indeed part of the computed dissociation of 0.5 GaxCls (see the
Supporting Information, Figure S25, species K or H). Since anisole is not involved in the RDS,
the low KIE of 1.02 is rationalized.*” However, anisole has a detrimental effect on the reaction

rate due to catalyst trapping.
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CONCLUSION. Chlorinated solvents are often the most efficient ones for Lewis-acid
catalyzed transformations, but the easy formation of protons can promote side reactions or
decomposition. In the present case, we have found that the use of K»COs3 as an insoluble base is
compatible with a GaCls-catalyzed transformation that works best in 1,2-DCE, but which follows
a proton-catalyzed pathway in its absence. By bypassing hidden Brensted catalysis, this strategy
allowed to develop a truly Lewis acid-catalyzed C—H propargylation of arenes using
bromoallenes, which is complementary to a transition-metal catalyzed reaction. The reaction is
compatible with a large range of substrates. Kinetic, "'Ga NMR and DFT studies pointed out the
dissociation of the GaxCls dimer by the arene nucleophile and the formation of an ion pair from
the bromoallene and monomeric GaClz unit by Br™ abstraction (rate determining step). Attack of
the propargyl cation by the arene and deprotonation of the Wheland-type intermediate then
provides the C—H propargylation product. The unexpected compatibility of KoCO3 with GaCls
that we disclosed in this work represents a great opportunity to develop new and truly gallium-

catalyzed transformations.
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