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Abstract: Another class of gold(I) redox-switchable catalysts, incorporating ferrocenyl phosphane-imines,
enriches the existing library of gold(I) complexes. Our catalyst proves efficacy in gold(I)-catalyzed
cyclizations of furans and benzamides, exhibiting reversible “on-off” switching. Furthermore, we explored the
unconventional role of “Magic Blue”, commonly used as an oxidizing agent in various organic trans-
formations, as a potential activator of the Au—Cl bond, initiating conventional gold(I) catalysis.
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Introduction

Gold homogeneous catalysis has become an indispen-
sable tool in modern organic synthesis, garnering
considerable attention for its unique reactivity and
exceptional selectivity in multiple transformations.'!
The use of a diverse range of ligands to fine-tune the
properties of these gold(I) complexes has expanded
their synthetic versatility, facilitating the customization
of their catalytic performance.”” Moreover, homoge-
neous catalysis seems to stand incomplete without the
incorporation of ferrocene. Its unique properties such
as electron density, aromaticity, and reversible redox
characteristics, make ferrocene a privileged scaffold.”!

Despite the significant advancement of gold
catalysis,*! the synergistic interplay between gold and
ferrocene remains relatively underexplored.”’ The
incorporation of the ferrocenyl core within gold
catalysts offers several potential advantages, including:
a) the robustness and stability of the ligands, b) facile
functionalization of the metallocene core, c¢) high
conformational flexibility, d) facile access to chiral
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ferrocenyl ligands, and e) the reversible redox proper-
ties of ferrocene, enabling redox-switchable catalysis
(RSC)." The concept of RSC, pioneered by Wrighton
and colleagues in 1995, relies on adjusting (“switch-
ing on and off”) the catalytic activity of a transition
metal complex, by manipulating the electron-donating
or withdrawing characteristics of a coordinated ligand.
Given ferrocene versatility in exhibiting a reversible
oxidation process, it frequently serves as the redox-
active species in catalytic systems. !

In this context, the groups of Sarkar,® Heinze,"
Peris!"” and Hey-Hawkins!'!! have described a small
number of gold(I) complexes bearing pendant ferro-
cenyl groups, demonstrating their potential as redox
switchable catalysts (Scheme 1a). Two possible activa-
tion mechanisms behind this concept has been re-
ported: a) The oxidation of the ferrocene moiety,
resulting in the generation of a more electron-with-
drawing ligand, thereby enhancing the electrophilicity
and catalytic activity of the Au(I) center'” and b) the
formation of a coordinatively unsaturated Fe(II)/Au(Il)
electromer, which act as a catalytically active putative
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Scheme 1. a) Representative examples of ferrocenyl gold(I)
redox switchable catalysts, b) an example of an activation mode
and c) this work.

Au(Il) complex (Scheme 1b).”** Moreover, the de-
scribed complexes are based on ferrocenyl triazole
mesoionic carbenes,””! Fischer or N-heterocyclic
carbenes,”™'” and tris(ferrocenyl)arene trisphosphane
cores.'! However, to the best of our knowledge the
utilization of ferrocenyl imines remains unexplored
(Scheme 1c). Ferrocenyl imines are considered ‘“non-
innocent” ligands, capable of inducing strong charge
delocalization upon connection by =-linkers. This
delocalization facilitates one-electron redox processes,
wherein the single electron is delocalized throughout
the entire aromatic system.'!

In this regard, triarylaminium cations, derived from
the oxidation of triarylamines, have found extensive
use as one-electron chemical oxidants due to their
strong preference for simple outer-sphere single elec-
tron-transfer (SET) reactions.!"”) Thus, the hexachlor-
idoantimonate salt of the tris(4-bromophenyl)aminium
radical cation, known as “Magic Blue” (Scheme 1c),!"*!
has been widely adopted both as a stoichiometric and
catalytic oxidant because of its stability, ease of
preparation,'”’ commercial availability, and reasonable
oxidizing power (E,.q=0.70 V vs. Fc*/Fc).'"" None-
theless, its potential applications beyond its role as an
oxidant have yet to be explored.

Herein, we present the synthesis of a chloride
gold(I) ferrocenyl imine-phosphane complex as anoth-
er class of gold(I) redox-switchable catalyst. The
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efficacy of this catalyst has been evaluated, employing
“Magic Blue” as an oxidant. Intriguingly, we also
explored an additional role for “Magic Blue” high-
lighting its potential ability to activate the Au—Cl
bond. To elucidate the comparative activation mecha-
nisms of gold complexes via oxidation or halide
abstraction, we contrasted the catalytic performance of
this ferrocene complex, activated by oxidation, against
that of the ubiquitous [AuCl(JohnPhos)] in conven-
tional gold(I) homogeneous catalysis, using “Magic
Blue” as the initiator.

Results and Discussion

Firstly, the synthesis of the gold(I) complex was
carried out by reacting commercial phosphanebenzal-
dehyde 1 with [AuClI(tht)] (tht = tetrahydrothiophene),
resulting in complex 2 (Scheme 2).

The 'H NMR spectrum shows the resonance of the
aldehyde proton at around 10.30 ppm as a doublet, due
to a small coupling (“J;;p =35 Hz) with the phosphorus
atom (Figure S1). In the *'P{'H} spectrum, complex 2
displays a singlet resonating at 6,=32.0 ppm (Fig-
ure S2). A notable deshielding effect is observed upon
coordination of the gold center, compared to the free
phosphane (8p,=—11.7 ppm). Subsequently, the syn-
thesis of the ferrocenyl imine involves the reaction of
complex 2 with aminoferrocene 3 (Scheme 2). This
reaction gives complex 4 in high yield, as a magenta
solid, stable both in solid and solution states. In the 'H
NMR spectrum, resonances from the ferrocene group
appear in the range of 4.50—3.50 ppm. The imine
proton shifts to lower frequencies, appearing around
9.30 ppm (Figure S3), which represents a displacement
of approximately Ady=1.20 ppm compared to the
aldehyde complex. Additionally, the incorporation of
the electron-rich ferrocene moiety leads to significant
shielding in the *'P{'H} spectrum as complex 4
displays a singlet at 6, =28.6 ppm, corresponding to a
displacement of Ad, =—3.4 ppm (Figure S4).

Complex 4 was further characterized by cyclic
voltammetry (see ESI for more information). It
displays both single reversible oxidation (Fe"—Fe'")
and reduction waves (Fe"—Fe"), centered on the
ferrocene unit (Figure la). It exhibits a half-wave
potential value of 92.5mV (see Table S1), slightly

:, NH,
Fle
Phy = Ph,
2O CHyCh 1t 0 CHaCly, 1t 2N
1 30 min 2 8h . \Q)

%Fe

Scheme 2. Synthesis of the ferrocenyl imine-phosphane gold(I)
complex 4.
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Figure 1. A) Superimposition of cyclic voltammograms of
0.5 mM solutions of complex 4 (blue) and ferrocene (orange) in
CH,CL,/0.1 M [Bu,N][PF4] at 250 mV/s, referenced against Fc™*
/Fc couple. B) Superimposition of cyclic voltammograms
recorded at different scan rates (50-500 mV/s). C) Relationship
between peak current (i) and the square root of scan rate (v'?)
(Randles—Sev¢ik equation) for the anodic (black squares, peak
I) and cathodic (black circles, peak II) peaks. Linear fits are
shown in red.

surpassing those of the reference ferrocene (E,,=
0.0 mV) and around 400 mV anodically shifted from
aminoferrocene (E;,=—310.5 mV against Fc*/Fc).!'%
This deviation suggests an enhanced electron donation
from the ferrocene fragment to the gold complex upon
imine formation, consequently leading to a reduction
in electron density on the ferrocene unit. Moreover, all
voltammograms recorded at different scan rates rang-
ing from 50 to 500 mV/s (Figure 1b), were fitted to the
Randles-Sevéik equation (Figure Ic), supporting the
chemical reversibility of the system. Similarly, the
cathodic process and anodic processes demonstrated
similar current peak intensities, as evidenced by the
i,,/1, . ratio approximating 1 (with an average value of
1.08), confirming this chemical reversibility of the Fe"
—Fe'™ transitions (see Table S2).

Additionally, it is noteworthy that the separation
between the anodic peak potentials (E,,) and cathodic
peak potentials (E,;) exceeded (AE,=174 mV) the
theoretical value predicted by the Nernst equation,
typically 59/n mV, where n represents the number of
electrons involved in the redox process (see Table S1).
This deviation could be attributed to increased solution
resistance in the analyzed solution as peak-to-peak
separation for Fc'/Fc is AE,=162mV in the same
cyclic voltammogram.
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Furthermore, single crystal X-ray diffraction re-
vealed that complex 4 crystallizes as a dichloro-
methane solvate (Figure 2).

The gold(I) center adopts a linear coordination
environment, with a P1-Aul-CIl1 angle of 178.43(5)".
The crystal structure reveals that the imine exists as
the E isomer, consistent with its conformation in
solution as indicated by the '"H—'H NOESY spectrum
of 4 (Figure S9). This spectrum shows two cross-peaks
from the imine proton, one with the ortho proton of the
phenyl ring and the other one with the protons from
the Cp ring. Notably, a short contact is observed
between the gold(I) center and the nitrogen atom with
a distance of 3.035(4) A (Table S5).

Following the synthesis of the gold complexes,
their catalytic activity was tested in two benchmark
reactions in gold(I) catalysis: the intramolecular cycli-
zation of furans and propargyl amides to give
phenols!'”! (Table 1) and oxazolines!"® (Table 2), re-

spectively. Initially, we investigated the cyclization of

furan 6a to phenol 8a using complex 4. Full
conversion was achieved within 3 hours; however, the
yield was moderate (Table 1, entry 1). This moderate
yield may be attributed to an undesired side reaction
leading to the intermolecular polymerization of sub-
strate 6a, as previously described by Shi and co-
workers on these furan-ynes."” As the authors
reported, when employing dilution factors ([6a]=
0.08 M or [6a]=0.04 M), a slight increase in yield
was observed (Table 1, entries 2 and 3). Subsequently,
we explored the cyclization of substrate 7a. After
obtaining promising preliminary results, a solvent
screening was conducted, revealing dichloromethane
as the optimal solvent (Table S3). Complex 4 gave 9a

ci

Figure 2. Crystal structure of complex 4-CH,Cl,. Ellipsoids are
shown at 50% probability level. Hydrogen atoms and a
dichloromethane molecule are omitted for clarity.

3 © 2024 The Authors. Advanced Synthesis & Catalysis
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Table 1. Catalytic results of the 5-exo-dig cyclization of furans
(6-7) to phenols (8-9).

1 mol% [ ]cat.
1.25 mol% "Magic Blue"

)L/\>_\ X
(0] X n
— § CH,Cl,, rt

— n 22 OH

6a: X =0, n =1
7a: X=NTs, n=1
7b: X=NTs, n=2

8a: X=0,n=1
9a: X =NTs, n=1
9b: X =NTs, n=2

Entry™  Substrate  [Au],,  Time (h)  Yield™ (%)
1 6a 4 3 46
2 6a 4 24 52

3 6al 4 24 60
4 6a 2 3 10

5 6a 5 3 12
6 Ta 4 6 78]
7 Ta 4 14 96

8 7b 4 14 15

9 Ta 4 14 93l
10 7a 210 24 nr.
11 Ta 4t 24 n.r.
12 7a 3] 24 nr.
13 Ta 3 24 n.r.
14 Ta None 24 n.r.
15 Ta 2 6 15
16 7a 5 6 27
17 7a 5l 6 nr.

[ Reaction conditions: 0.1 mmol of substrate, 0.001 mmol
(1 mol%) catalyst, 0.00125 mmol (1.25 mol%) oxidant
(“Magic Blue”), 0.5 mL of CH,Cl,, 20-25 °C (rt).

™ Determined by 'H NMR using 1,3,5-trimethoxybenzene as
internal standard.

[ Isolated yield after column chromatography.

[41'0.2 mmol of substrate in 2.5 mL of CH,Cl,.

(1.0.2 mmol of substrate in 5 mL of CH,Cl,.

[ No oxidant. n.r. =no reaction.

[e] Reaction at one gram scale (3.5 mmol).

in 78% yield within 6 hours (Table 1, entry 6), which
increased to nearly quantitative 96% yield after
14 hours (Table 1, entry 7). Extending the carbon chain
length on furan 7 from prop-2-yne 7a to but-3-yne 7b
significantly reduced catalytic activity, resulting in a
15% yield of compound 9b over 14 hours (Table 1,
entry 8). Interestingly, increasing the amount of sub-
strate 7a to gram scale (35times more) did not
significantly alter the yield (Table 1, entry 9), demon-
strating the scalability of the methodology. Pure
product 9a was ecasily obtained by filtering the
precipitate from the crude mixture followed by
washing the solid with cold dichloromethane.

We also conducted some background reactions
using complex 2 and aminoferrocene 3, both in the
presence and absence of “Magic Blue” (Table 1,
entries 10—17). As anticipated, complexes 2 and 4 were
inactive without “Magic Blue” (Table 1, entries 10 and
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11). Furthermore, both 3 and aminoferrocenium cation,
generated in situ from 3 and “Magic Blue”, did not
yield the cyclization product (Table 1, entries 12 and
13), also “Magic Blue” itself exhibited no reactivity
(Table 1, entry 14).

Unexpectedly, when complex 2 was tested in the
presence of “Magic Blue” (Table 1, entry 15), a 15%
yield was achieved within 6 hours. This intriguing
result prompted us to further investigate the role of
“Magic Blue” in this redox catalysis. It appears that
“Magic Blue” may function both as an oxidant or as a
chloride scavenger, initiating conventional gold(I)
catalysis, depending on the gold(I) complex tested. To
further explore this hypothesis, we evaluated the well-
known gold(I) complex [AuCl(JohnPhos)] 5§ (John-
Phos =[1,1"-biphenyl]-2-yl-di-tertbutylphosphane), in
these reactions. Indeed, it resulted to be catalytically
active, yielding 27% of product 9a in 6 hours (Table 1,
entry 16). In contrast, in the absence of oxidant, 5 did
not yield phenol 9a (Table 1, entry 17).

As discussed, the role of “Magic Blue” in the
presence of this gold(I) chloride complex may engage
the Au—Cl bond, with a subsequent labilization,
probably due to a weak intermolecular Au—Cl—N™**
interaction, the formation of which benefits from a
possible pnictogen bond (with a deeper m-hole) or a
higher Lewis acidic properties of the radical cation
compared to a conventional ammonium salt.”” To gain
insight into the activation process, we investigated the
interaction between 5 and “Magic Blue” using *'P{'H}
NMR spectroscopy to monitor chemical shift changes.
Upon mixing equimolar amounts of 5 and “Magic
Blue” in CD,Cl,, a chemical shift of Aj,= +0.23 ppm
was observed compared to free 5 (6,=60.07 ppm),
accompanied by broadening of the phosphorus signal,
with a Aw®,,= +25.5 Hz, compared to the value for
complex 5, ®,,=3.7 Hz (see Figure S28). As previ-
ously reported by Fiksdahl and Erdelyi,*" the presence
of a charge transfer via halogen bonding, possibly
through pnictogen bonding in this case, leads to a
depletion of electron density around the phosphorus
atom. This results in a positive chemical shift differ-
ence between the free complex and the mixture in the
presence of “Magic Blue”.

With these results in hand, we further investigated
the kinetic profiles of complexes 2, 4, and S in the
presence of “Magic Blue”. Additionally, we employed
NaBAr", (BAr", =tetrakis[3,5-bis(trifluorometh-
yl)phenyl]borate),** a silver-free anion abstractor, as a
non-oxidizing chloride scavenger, in combination with
complex 4 (Figure 3).

Both gold(I) complexes 2 (TOF =5.7x10"*s™") and
5 (TOF=1.1x10"s™") exhibited the slowest reaction
rates.”””! Notably, the catalytic activity of 5 was almost
two times higher than that for 2. In contrast, complex 4
demonstrated the highest conversion rates for the
cyclization of 7a (Figure 3). Specifically, the catalytic

© 2024 The Authors. Advanced Synthesis & Catalysis
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Figure 3. Conversion for the cyclization of 7a to 9a as a
function of reaction time, employing complexes 2, 4 and 5.

activity of 4 in presence of “Magic Blue” (TOF=
3.0x107° s™") was 5.3 times higher than that of 2. The
incorporation of the redox-active ferrocene moiety in
4, markedly increases the reaction rate, indicating that
this complex can be activated via a straightforward
oxidation step. This activation significantly enhances
the activity in the gold(I)-catalyzed cyclization process,
in contrast to complex 2, where “Magic Blue” initiates
gold(I) catalysis by possibly inducing Au—Cl bond
lability. Furthermore, in the presence of NaBAr",
complex 4 (TOF=2.0x10"s"") exhibited a lower
catalytic activity compared to its activation through
oxidation. However, it demonstrated superior activity
compared to the activation of complexes 2 and 5 using
“Magic Blue”, suggesting that this aminium radical
cation is a less efficient chloride scavenger than the
BAr", anion. Notably, the redox activation of complex
4 outperformed all other activation methods, resulting
in 1.5 times increase in activity compared to conven-
tional halide abstraction (Figure 3). This improvement
is further evidenced by higher conversion values
observed, within the first hour, for complex 4 when
activated by “Magic Blue”, compared to its activation
by NaBAr",.

Then, we evaluated the redox-switchable catalysis
capability of complex 4, given its electrochemically
reversible oxidation process (Figure S30). Decameth-
ylferrocene (FeCp,*) was selected as the reducing
agent due to its common use in RSC studies and its
compatibility with the catalytic system (Figure 4).

Upon examination of the NMR spectra, the cata-
lytic process progressed in two differentiated phases
over a nine-hour period. Initially, the introduction of
“Magic Blue” served as a catalyst “switch on”,
triggering a gradual increase in substrate conversion.
After 1 hour, approximately 50% of the substrate was
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Figure 4. Conversion versus time plot of the cyclization of 7a
to 9a during redox switchable catalysis using “Magic Blue”
(1.25 mol% respect to 4) and FeCp,* (1.25 mol% respect to 4).
Arrows indicate the time points at which said reagents were
added to the reaction mixture.

converted to the desired product (Figure 4). The later
addition of FeCp,*, effectively “switches off” the
catalytic activity. Subsequent monitoring over the next
4 hours revealed no further conversion, confirming
catalyst deactivation. To reinitiate the catalytic cycle, a
second addition of “Magic Blue” was introduced to the
reaction mixture. This reignited the catalytic activity,
leading to increased substrate conversion to approx-
imately 65% within the next hour. A second batch of
the reducing agent halted the catalytic activity of
complex 4 once again over the last 3 hours. This
alternating “on-off-on-off” switching pattern (Figure 4)
highlights the reversible nature of this catalytic system,
offering an additional class of gold(I) redox-switchable
catalysts to the existing library of such complexes.

To expand the catalytic activity of the ferrocenyl-
imine phosphane 4, we evaluated its performance in
another common gold(I)-catalyzed reaction: the cycli-
zation of propargyl benzamides (10a—d) to oxazolines
(11a—). The results revealed that the catalytic
performance of the tested complexes varied signifi-
cantly (Table 2).

Compared to complexes 2 and 5, complex 4
demonstrated superior catalytic activity. Within
14 hours, half of the substrate had been converted
(Table 2, entry 1), and by 24 hours, oxazolines 11a—c
were obtained with comparable isolated yields (Ta-
ble 2, entries 2—4). Interestingly, the presence of either
electron-withdrawing or electron-donating substituents
on benzamides 10b and 10c¢ respectively, did not
significantly affect the yield (Table 2, entries 3 and 4).
In this case, as observed previously, homologating the
carbon chain length from a propargyl group to a

© 2024 The Authors. Advanced Synthesis & Catalysis
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Table 2. Catalytic results of the S5-exo-dig cyclization of
propargyl amides (10 a—d) to oxazolines (11 a—c).

% 1 mol% [At]cat o%
1.25 mol% "Magic Blue" )n
n .
/@H X CHCly, 1t /©/I\N
R R

10a: R=H,n=1
10b: R=F, n=1 Ma:R=H,n=1
10c: R=Me,n=1 Mb:R=F n=1
10d:R=H,n=2 1c:R=Me,n=1

Entry®™  Substrate  [Au], ~ Time (h)  Yield™ (%)

1 10a 4 14 51

2 10a 4 24 740

3 10b 4 24 710

4 10c 4 24 70!

5 10d 4 24 n.r.[

6 10a 2 14 6

7 10b 2 14 8

8 10a 5 14 10

9 10b 5 14 9

[l Reaction conditions: 0.1 mmol of substrate, 0.001 mmol
(1 mol%) catalyst, 0.00125 mmol (1.25 mol%) oxidant
(“Magic Blue”), 0.5 mL of CHCl;, 20-25°C (rt).

I Determined by "H NMR using 1,3,5-trimethoxybenzene as
internal standard.

[l Isolated yield after column chromatography.

[ n.r.=no reaction.

homopropargyl group resulted in a loss of catalytic
activity for complex 4 under our conditions. This
significant decrease in reactivity was unexpected and
suggests that the extended carbon chain may interfere
with the cyclization process or the interaction with the
catalyst.

In contrast to complex 4, complexes 2 and 5 yielded
oxazolines with less than 10% yield within 14 hours
(Table 2, entries 5-9). These findings highlight the
enhanced catalytic performance and broader applic-
ability of redox activation in complex 4, surpassing the
Au—Cl bond labilization induced by “Magic Blue” in
complexes 2 and 5.

Conclusion

In summary, we have introduced an example to the
array of gold(I) redox-switchable catalysts, featuring a
ferrocenyl phosphane-imine core. This complex
displays efficiency in catalyzing gold(I)-mediated
cyclizations of furans and benzamides, showcasing its
reversible “on-off” switching capability. Furthermore,
our exploration exposed a potential dual role for
“Magic Blue”, traditionally recognized just as an
oxidizing agent. When a redox-active fragment (e.g.,
ferrocene) is integrated into the complex, it acts as a
one-electron oxidant, thereby initiating an oxidation-
activated catalysis, which can be switched on and off
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by the addition of an oxidizing or reducing agent,
respectively. Moreover, in cases where the gold(I)
complex fails to initiate an oxidation process, “Magic
Blue” exhibits potential as a Au—Cl bond labilizing
agent, though with modest activity, in conventional
gold(I) catalysis.

Experimental Section
Synthesis of Complex 2

This compound was synthesized following a modified literature
procedure® In a 50mL round bottom flask, 2
(diphenylphosphane)benzaldehyde 1 (58 mg, 0.2 mmol) was
dissolved in CH,Cl, (20 mL). Then, [Au(Cl)(tht)] (64 mg,
0.2 mmol) was added and the resulting yellow solution turned
colorless within a few minutes. Then, the solution was stirred
for 30 min. After this time, the solvent was evaporated under
reduced pressure to ca. 1 mL and n-hexane (10 mL) was added,
precipitating a white solid. The resulting solid was purified
through washings with n-hexane (2x5 mL) and dried under
vacuum.

Synthesis of Complex 4

To a flame dried Schlenk flask equipped with a stirring bar was
added 20 mg of molecular sieve (4 A) and dry and degassed
CH,Cl, (20 mL). Under an argon flow, 2 (78 mg, 0.15 mmol)
was added. Then aminoferrocene 3 (35 mg, 0.165 mmol) and 3
drops of acetic acid, were added and the resulting orange
solution was stirred for 8 hours. After this time, the solution
turned dark magenta, and it was filtered by a canula filter. Then,
the solvent was reduced under reduced pressure to ca. 1 mL and
propan-2-ol (10 mL) was added, precipitating a magenta solid.
The resulting solid was purified through washings with propan-
2-ol (1x5mL), n-hexane (2x5mL) and dried under vacuum.
Crystals suitable for X-ray studies were obtained by vapor
diffusion of n-hexane over a solution of 4 in
dichloromethane.™

General Procedure for the Study of Gold(I)-Cata-
lyzed Cyclizations

In a SmL scintillation vial, the substrate (0.2 mmol) was
dissolved in the corresponding volume of CH,Cl,. Next, the
solid catalyst (0.0020 mmol, 1 mol%) was added to the solution,
resulting in the immediate dissolution of the catalyst, and
forming a violet solution. Then, the solid oxidant, “Magic Blue”
(0.0025 mmol, 1.25 mol%), was added, and the solution
immediately turned yellow. The mixture was stirred at room
temperature for the time needed for total consumption of the
starting reagent or until no further progress was observed
(24 h), monitoring the evolution by thin-layer chromatography
(n-hexane/ethyl acetate, 7:3). After the specified time, the
isolated yields were determined by purifying the crude products
using flash column chromatography (SiO,, n-hexane/ethyl
acetate, 8:2). The purified products were analyzed by 'H NMR,
and the spectroscopic data agreed with previously reported
literature.!'%*2627

© 2024 The Authors. Advanced Synthesis & Catalysis
published by Wiley-VCH GmbH
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General Procedure for the Study of Gold(I)-Redox
Switchable Catalysis

In a 5mL scintillation vial, a mixture of substrate 7a
(0.1 mmol) and 1,3,5-trimethoxybenzene (0.011 mmol) in
0.5 mL of CD,Cl, was prepared. Subsequently, 4 (0.001 mmol,
corresponding to 1 mol% of Au) was added. The progress of
the reaction was monitored using 'H NMR spectroscopy on a
Bruker ARX300 instrument with a constant temperature of
25°C. Over a period of 9 hours, one '"H NMR experiment, each
consisting of 32 scans (161 seconds), was conducted at hourly
intervals to track the reaction progression. For each measure-
ment, an aliquot of ca. 10 uL of the reaction mixture was
transferred to an NMR tube, and it was quenched by the
addition of 0.45 mL of MeOD. To “switch on” the reaction,
solid “Magic Blue” (0.0125 mmol, corresponding to 1.25 mol%
relative to the catalyst) was added to the mixture. To “switch
off” the reaction, solid FeCp,* (0.0125 mmol, corresponding to
1.25 mol% relative to the catalyst) was added to the reaction
mixture. For the evaluation of conversion and yield see
Supporting Information (Figure S31).
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