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Dehydrogenative Electrochemical Synthesis of N-Aryl-3,4-
Dihydroquinolin-2-ones by Iodine(III)-Mediated Coupling
Reaction
Jessica C. Bieniek,[a] Boris Mashtakov,[a] Dieter Schollmeyer,[a] and
Siegfried R. Waldvogel*[a, b, c]

Electrochemically generated hypervalent iodine(III) species are
powerful reagents for oxidative C� N coupling reactions, provid-
ing access to valuable N-heterocycles. A new electrocatalytic
hypervalent iodine(III)-mediated in-cell synthesis of 1H-N-aryl-
3,4-dihydroquinolin-2-ones by dehydrogenative C� N bond
formation is presented. Catalytic amounts of the redox media-
tor, a low supporting electrolyte concentration and recycling of
the solvent used make this method a sustainable alternative to

electrochemical ex-cell or conventional approaches. Further-
more, inexpensive, readily available electrode materials and a
simple galvanostatic set-up are applied. The broad functional
group tolerance could be demonstrated by synthesizing 23
examples in yields up to 96%, with one reaction being
performed on a 10-fold higher scale. Based on the obtained
results a sound reaction mechanism could be proposed.

Introduction

The formation of C� N bonds represents a fundamental
synthetic tool in organic chemistry, commonly used for the
construction of various N-heterocycles.[1] Of particular interest is
the 1H-3,4-dihydroquinolin-2-one scaffold since it can be found
in many natural products,[2] commercial drugs,[3] and biologically
active substances targeting cardiovascular,[4] autoimmune[5] and
inflammatory[5,6] diseases, depression,[7,8] diabetes,[9] and Alz-
heimer’s disease[10,11] (Figure 1).

Conventionally, the 1H-3,4-dihydroquinolin-2-one skeleton
can be synthesized through intramolecular C� N bond formation
either transition metal-catalyzed by Buchwald-Hartwig[12] or
Goldberg[13] amination reactions (Scheme 1, a), or by iodine(III)-
promoted transformations, applying stoichiometric amounts of
the hypervalent iodine(III) species[14,15] or generating them in-
situ from the corresponding iodoarenes with the aid of

oxidizers (Scheme 1, b).[16–18] Despite the broad applicability of
the above-mentioned syntheses, they suffer from disadvantages
in terms of sustainability, safety and cost efficiency. Often pre-
functionalized substrates, expensive transition metal catalysts,
and stoichiometric amounts of highly reactive oxidizers are
required. This leads to a large amount of reagent waste, a poor
atom economy, high costs and safety hazards.

Electro-organic synthesis offers a highly sustainable, inex-
pensive and inherently safe alternative to conventional syn-
thesis methods, as it uses electric current as a traceless oxidant,
replacing hazardous redox agents and decreasing the amount
of reagent waste.[19–23] Moreover, the conversion can be easily
controlled by regulation of current density and applied charge,
allowing precise reaction control and an easy scale-up.[20] This
makes electro-organic synthesis a broadly applicable and
“green” technology, which enables chemical transformations
with an improved ecological footprint.[19–21,23]

In the recent years, many efforts have been made to
combine the advantages of electrosynthesis and the tremen-
dous synthetic power of hypervalent iodine(III) species[15,18,24,25]

by generating them in-situ using electric current as oxidizing
agent.[26–33] Due to the elevated oxidation potentials of iodoar-
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Figure 1. Biologically active compounds containing a 1H-3,4-dihydroquino-
lin-2-one scaffold.[3,7,10] NET=Norepinephrine transporter. H3=Histamine H3.
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enes, often only ex-cell approaches can be implemented, in
which the iodoarene is first completely converted anodically to
the corresponding hypervalent iodine(III) species, followed by
addition of the substrate.[26–29] An electrochemical hypervalent
iodine(III)-mediated ex-cell synthesis of 1H-3,4-dihydroquinolin-
2-ones was reported by the Nishiyama lab (Scheme 1, c).[34,35]

They electrolyzed two equivalents of iodobenzene with LiClO4

in 2,2,2-trifluoroethanol under constant current conditions
applying a glassy carbon anode and a platinum cathode,
followed by addition of the N-methoxy-3-arylpropanamide
substrate.[34] Although this method provided higher product
yields than when PIFA was used, the advantages of electrosyn-
thesis are partially circumvented in this ex-cell approach, since
stoichiometric amounts of iodobenzene are required.[26] Further-
more, the use of LiClO4 in combination with organic com-
pounds involves an explosion risk, which makes scale-up
difficult. Additionally, expensive, and limited platinum was used
as electrode material, and only few N-methoxy-substituted
derivatives were accessible by this method, limiting the
applicability of the reaction.

Electrochemical in-cell syntheses to prepare the similar
phenanthridin-6-one scaffold by C� N coupling have been
published, for example, by the Waldvogel group,[36] and by
Zhang, Xu, Zeng et al.,[37] who were further able to apply their
protocol to synthesize one single quinolin-2-one example.
However, no broadly applicable electrochemical in-cell ap-
proach for the synthesis of the 3,4-dihydroquinolin-2-one
scaffold by C� N coupling is known yet.

Previous reports of the Waldvogel lab demonstrate that the
anodic oxidation of amide precursors is a powerful tool for
various N� X coupling reactions.[36,38–40] Based on this knowledge,
a new electrocatalytic hypervalent iodine(III)-mediated in-cell
synthesis of 1H-N-aryl-3,4-dihydroquinolin-2-ones by a dehydro-
genative C-N coupling reaction has been developed. This
method features a broad scope and excellent scalability,
applying a simple reaction set-up, inexpensive electrode
materials and a low supporting electrolyte concentration.

Results and Discussion

The optimization of the reaction conditions (see Supporting
Information for detailed information) was conducted with the
easily accessible hydrocinnamamide 4a as test substrate. First,
4a was electrolyzed under constant current conditions in an
undivided 5 mL Teflon™ cell,[41] applying a graphite anode and a
platinum cathode, NBu4PF6 as supporting electrolyte and
1,1,1,3,3,3-hexafluoro-2-propanol (HFIP) as solvent. Under these
conditions the desired product 5a could be obtained in 12%
HPLC-yield (Table 1, Entry 1). Performing the reaction under
quasi-divided[42] conditions by using a platinum wire as cathode
gave similar results (Table 1, Entry 2). The product yield
increased significantly when catalytic amounts of 4-iodotoluene
(4-Tol-I) in combination with NBu4OAc as ligand donor were
used as redox mediator to form a hypervalent iodine(III) species
in-situ (Table 1, Entry 3). This combination was superior to the
other tested iodoarenes and ligands in terms of product yield,
sustainability, and costs (see Supporting Information). Substitut-
ing NBu4PF6 by an equimolar amount of NBu4OAc resulted in a

Scheme 1. Conventional and electrochemical approaches for the synthesis
of the 1H-3,4-dihydroquinolin-2-one scaffold. PIFA=Bis(trifluoroacetoxy)-
iodobenzene, ArI=aryl iodide, mCPBA=meta-chloroperoxybenzoic acid,
TFE=2,2,2-trifluoroethanol, 4-Tol-I=4-iodotoluene, HFIP=1,1,1,3,3,3-hexa-
fluoro-2-propanol.

Table 1. Optimization of reaction conditions for the synthesis of 5a.[a]

Entry Cathode Supporting
electrolyte

Mediator 5a[b]

(%)
4a[b,c]

(%)

1 Pt NBu4PF6 (0.01 M) – 12 43

2 Pt wire[d] NBu4PF6 (0.01 M) – 15 40

3 Pt NBu4PF6 (0.01 M),
NBu4OAc (0.02 M)

4-Tol-I 53 16

4 Pt NBu4OAc (0.03 M) 4-Tol-I 23 25

5 stainless-
steel

NBu4PF6 (0.01 M),
NBu4OAc (0.02 M)

4-Tol-I 51 10

6 CGr NBu4PF6 (0.01 M),
NBu4OAc (0.02 M)

4-Tol-I 46 27

[a] Substrate 4a (0.2 mmol), HFIP (5 mL), undivided 5 mL Teflon™ screen-
ing cell. CGr= isostatic graphite. HFIP=1,1,1,3,3,3-hexafluoro-2-propanol.
4-Tol-I=4-iodotoluene. [b] Yield determined by HPLC calibration of the
UV signal at 254 nm, using 2-naphthol as internal standard. [c] Residual
starting material (s.m.) 4a. [d] Quasi-divided set-up realized by using a Pt
wire as cathode.
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yield drop of 5a (Table 1, Entry 4), indicating that NBu4PF6 plays
a crucial role for successful product formation. The solvent
screening revealed that only HFIP provides the desired product
in significant amounts, which might be explained with the
unique solvation properties of HFIP, being able to stabilize
intermediates efficiently through strong H-bond formation.[43]

To ensure a sustainable reaction performance, the HFIP used
was recovered by distillation and recycled to be further used for
electrolysis reactions. Among the tested anode materials,
isostatic graphite led to the highest product yields (see
Supporting Information). When screening cathode materials,
stainless-steel and isostatic graphite as inexpensive and readily
available materials proved to be an alternative to platinum,
providing 5a in comparable amounts (Table 1, Entry 5–6). Since
isostatic graphite showed higher amounts of residual starting
material 4a, it was most promising regarding the theoretically
accessible product yield and was therefore used as cathode
material in the subsequent optimization of the following
continuous parameters: amounts of the starting material 4a,
NBu4PF6, 4-Tol-I and NBu4OAc, temperature, stirring speed,
current density, and applied charge. The optimization of the
continuous parameters was performed applying the statistics-
based method Design of Experiments (DoE), which allows the
simultaneous screening of multiple parameters and has proven
to be very efficient for the optimization of reaction
conditions.[44] Evaluating the performed DoE experiments
revealed that the concentration of starting material (s.m.) 4a
could be increased to cs.m.=0.06 m, while the amounts of 4-Tol-I
and NBu4OAc could be lowered to 10 mol%, based on 4a,
without any significant negative impact on the reaction. Low
current densities turned out to be beneficial for the reaction,
which is why a current density of 1 mAcm� 2 was chosen. Yield
maxima for product 5a were found at a NBu4PF6 concentration
of 0.01 m, a reaction temperature of 40 °C, and a stirring speed
of 400 rotations per minute (rpm). Regarding the applied
charge, product formation increased significantly with increas-
ing applied charge between 1.0 F and 2.0 F, whereas it
remained unaffected in the range from 3.0 F to 4.5 F, despite
ongoing consumption of substrate 4a. To further determine the
optimum of the applied charge, a linear screening in the range
between 2.0 F and 3.3 F was performed afterwards, applying
the through DoE identified optimal conditions for the other
parameters (Figure 2). The linear screening of the applied
charge revealed that the product yield reached a maximum of
66% at 3.0 F and remained constant at higher values of the
applied charge (Figure 2, blue graphs). Despite continuous
consumption of substrate 4a no complete conversion could be
achieved in the range up to 3.3 F, which is why a quasi-divided
set-up was applied to suppress possible side reactions at the
cathode. For this, various rod-shaped cathodes of different
materials with a small surface area were tested (see Supporting
Information). A quasi-divided set-up with a stainless-steel wire
as cathode led to the best results, with which a yield maximum
of 74% at almost full conversion could be achieved with an
applied charge of 2.4 F (Figure 2, orange graphs). At higher
values of the applied charge the product yield decreased,
indicating a decomposition of the product. This is in line with

the performed cyclic voltammetry (CV) measurements, which
proved a possible overoxidation of the product (see Supporting
Information for details). To evaluate whether the quasi-divided
set-up or stainless-steel as cathode material had a greater
impact on the reaction, the reaction was further tested under
the same conditions with 2.4 F in an undivided set-up, employ-
ing a stainless-steel cathode. This resulted in a similar product
yield of 73%, which is why stainless-steel was further used as
the cathode material, and both set-ups (undivided and quasi-
divided) were applied when investigating the scope of the
reaction (see Supporting Information).

With these optimized reaction conditions in hand first
various substrates with various anilide moieties were examined
(Scheme 2). The test derivative 5a could be isolated in 69%

Figure 2. Influence of the applied charge on the yield of 5a and residual
starting material (s.m.) 4a, using an undivided set-up with an isostatic
graphite cathode (blue curves) and a quasi-divided set-up with a stainless-
steel wire as cathode (orange curves). [a] Yield determined by HPLC
calibration of the UV signal at 254 nm, using 2-naphthol as internal standard.
[b] Based on the amount of starting material 4a.

Scheme 2. Reaction scope with different anilide substituents. Undivided
5 mL Teflon™ screening cell, substrate (0.3 mmol), HFIP (5 mL), stainless-steel
cathode for undivided (ud) set-up, stainless-steel wire for quasi-divided (qd)
set-up. Isolated yields are provided for the set-up with the best results. NMR-
yields for other tested set-ups and conditions are given in the Supporting
Information. [a] 4-Tol-I (20 mol%), NBu4OAc (20 mol%), 2.8 F. [b] 4-Tol-I
(5 mol%), NBu4OAc (5 mol%). [c] Without 4-Tol-I and NBu4OAc. [d] 4-Tol-I
(5 mol%), NBu4OAc (5 mol%), 3.5 F.
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yield after electrolysis under undivided conditions. All the other
p-halogen-substituted derivatives 5b–d were obtained in
similar yields up to 79%, with substrates 4c and 4d being
electrolyzed under quasi-divided conditions. This demonstrates
that under the stated conditions both the electron-deficient
fluoro as well as the redox-sensitive iodo substituent are
perfectly tolerated in the reaction. The disubstituted derivative
5k with two chloro substituents in o- and p-position could be
isolated in a high yield of 80%. In contrast, derivative 5e
without any substituent at the aniline ring was obtained in a
moderate yield of 35%, which can be explained by possible
side reactions at the p-position of the aniline ring and is in
accordance with previous observations.[38,39] Substrates without
an aromatic moiety at the amide-nitrogen, but with a primary
amide or a secondary tBu-substituted amide failed to provide
the corresponding 1H-3,4-dihydroquinolin-2-ones. This proves
that an aromatic ring attached to the amide group is necessary
for successful product formation as it stabilizes the formed
amidyl intermediates. When investigating substrates with alkyl-
substituted anilide moieties, 4f with a p-methyl group and thus
bearing an unprotected benzylic position could be converted
successfully with a good yield of 64% into compound 5f, which
represents the core motif of NET inhibitor 2a (Figure 1). The
yield for the tBu-substituted derivative 5g without an unpro-
tected benzylic position was even higher with 75%. Examina-
tion of substrate 4h bearing a strong electron-donating p-
methoxy group showed that the yield of 5h increased
significantly with decreasing mediator loading (see Supporting
Information). With only 5 mol% of the mediator product 5h
could be obtained in a very good yield of 85% under quasi-
divided conditions. Since oxidation potentials of highly elec-
tron-rich compounds are shifted towards less positive
values,[39,45] it was assumed that the oxidation of substrate 4h
might occur prior to the oxidation of 4-Tol-I, which would no
longer result in a mediated reaction. This was confirmed by CV
measurements, showing a much lower oxidation potential for
4h (Ep/2=1.14 V) than for the mediator system consisting of 4-
Tol-I and NBu4OAc (Ep/2=1.60 V). Therefore, substrate 4h was
tested in a direct electrolysis applying only NBu4PF6 as
supporting electrolyte in HFIP, without using 4-Tol-I and
NBu4OAc, which provided the desired product 5h in an
excellent yield of 96%. These results demonstrate that sub-
strates with an enhanced electron density at the anilide moiety
are beneficial for the reaction and yield the desired 1H-3,4-
dihydroquinolin-2-ones selectively in high yields even under
direct electrolysis conditions. Regarding electron-deficient sub-
strates, compound 5 i with a p-ester group was obtained in
49% yield, while a p-cyano substituent resulted in a poor yield
of 17% for 5 j. However, when placing the electron-withdrawing
cyano group in m-position, combined with a p-methyl sub-
stituent, the corresponding product 5 l was obtained in similar
yield to that of the p-methyl-substituted derivative 5f, regard-
less of whether an undivided or quasi-divided set-up was used
(see Supporting Information). Finally, substrate 4m with a
redox-sensitive nitro-group in m-position could be converted
into the desired product in 24% yield under undivided

conditions, confirming the broad applicability of the herein
presented method.

In the next step, substrates based on various 3-aryl
propionic acids were investigated (Scheme 3). Substrates 4n–p
with substituents at the propyl chain yielded the corresponding
3,4-substituted 1H-3,4-dihydroquinolin-2-ones 5n–p in 47–86%.
It’s particularly noticeable, that acetyl protected amino and
hydroxy groups were tolerated in the reaction, affording the
products 5n and 5o in yields up to 54%. Substrate 4n was
employed as racemic mixture, while substrate 4o was used as
enantiopure substance, yielding the enantiopure product 5o.
This demonstrates that the stereo configuration is conserved
during the reaction. The racemic substrate 4p could be
converted into racemic product 5p in a very good yield of 86%
under quasi-divided conditions at a 0.3 mmol scale as well as at
a 10-fold larger scale. This confirms the excellent scalability of
the reaction.

Afterwards, various substrates with a R1 substituent at the
core aryl ring meta to the propyl chain were examined.
Compound 5q, which represents the core motif of NET inhibitor
2b (Figure 1) bearing a m-chloro substituent, was formed as
main product in 54% yield, applying quasi-divided conditions.
Substrate 4r with a m-iodo substituent yielded product 5r in
similar amounts. Interestingly, traces of three additionally
formed regioisomers with the iodo substituent located at the
5-, 7- or 8-position of the 1H-3,4-dihydroquinoline-2-one
scaffold were observed. When testing an electron-withdrawing
m-fluoro substituent, the expected derivative 5s was isolated in
51% yield as major product, despite the decreased electron
density at the position of the newly formed C-N bond.
Regioisomer 5s’ was obtained in 16% yield as minor product.
Conversely, an electron-donating m-methoxy group led to the
formation of a complex product mixture, whereby the desired
product could not be isolated. With a less electron-donating
methyl substituent in m-position the expected product 5u was
obtained in a poor yield. However, additionally regioisomer 5u’’
was formed in comparable amounts, and regioisomer 5u’ was
isolated as the major product in 32% yield. This indicates that
substrates with electron-donating m-substituents on the core
aryl ring are poorly suitable for the reaction. Nevertheless,
motifs with a hydroxy based substituent in 6-position of the 1H-
3,4-dihydroquinolin-2-one scaffold, as it can be found in the
histamine H3 receptor inhibitor 3 (Figure 1), are still accessible
with the herein described method. This could be demonstrated
with substrate 4t bearing a pivaloyl-protected hydroxy group in
m-position, being converted to derivative 5t in 42% yield.

Next, substrates with a R1 substituent para to the propyl
chain were investigated. Substrate 4v didn’t yield the expected
product when being electrolyzed with 5 mol% of the mediator
but was selectively converted with 75% yield into compound
5v, with the bromo substituent shifted one position relative to
starting material 4v. The same behavior was observed with
substrate 4w bearing an ester group in p-position, whereas the
lower yield might be explained with the unprotected p-position
of the aniline ring. Substrates with electron-donating substitu-
ents in p-position and the possibility to eliminate a leaving
group, such as a p-methoxy or p-methyl substituent, provided
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spirolactams 6x and 6y[46] selectively with no formation of the
desired 1H-3,4-dihydroquinolin-2-ones, which is in line with

previous reports.[14,16,24,47] This is a common pathway in oxidative
coupling reactions.[48] Substrate 4z with a p-fluoro substituent
yielded spirolactams 6z and 6z’[46] in similar amounts. This
might be explained by a nucleophilic substitution of the fluoro
substituent with a hydroxy species, followed by a transfer of the
fluoride to another substrate. In summary, these results indicate
that substrates with a p-substitution at the core aryl ring
undergo spiro-cyclization with either subsequent rearrange-
ment to the corresponding 1H-3,4-dihydroquinolin-2-ones or
with formation of a spirolactam, depending on the type of
substituent.

To get insights into the reaction mechanism, CV measure-
ments of the substrates and the mediator system, consisting of
4-Tol-I and NBu4OAc, were performed, and half peak potentials
for the first oxidation wave were determined (see Supporting
Information for details). The data revealed that the anilide
moiety is the electrophore of the substrates and thus defines
their oxidation potential. An exception is substrate 4x, which is
oxidized at the anisole moiety prior to the anilide. The
substrates were sorted into three groups, depending on their
oxidation potential relative to the mediator, which correlates
with the electron density at the anilide moiety. The grouping is
illustrated in Scheme 4, top. For each group, a different
mechanism is proposed (Scheme 4). More detailed explanations
are provided in the Supporting Information. Substrates with an
electron-deficient anilide moiety are oxidized at higher poten-
tials than the mediator. It can be assumed that for this group
the mechanism proceeds via the hypervalent iodine(III) species
7, which is generated at the anode from 4-Tol-I.[26,33] Then,
substrate 4D reacts with species 7, leading to intermediate I.
Attack by the π electrons of the core aryl ring, which can
happen through an electron pair (cationic pathway) or a single
electron (radical pathway), and elimination of the mediator
leads to product 5D. This mechanism is supported by the
literature.[16,26] The second group are electron-rich substrates,
represented by 4h. The oxidation potential of 4h is strongly
shifted towards less positive potentials compared to the
mediator, and high yields of 5h can be achieved in absence of
the mediator. Therefore, a direct oxidation mechanism for
substrate 4h is proposed, where a two-fold oxidation at the
anode leads to cationic intermediate II, which is attacked by the
π system and yields 5h after deprotonation. Substrates of the
third group bear anilide moieties with a medium electron
density. Their oxidation potentials are similar or only slightly
lower than the one of the mediator. Therefore, different
mechanistic pathways are conceivable for this group, which can
coexist (Scheme 4, bottom). Substrate 4M can either be directly
oxidized at the anode, or 4-Tol-I is oxidized at the anode to
form radical species 8, which then oxidizes 4M through a single
electron transfer process. In both cases amidyl radical III is
formed. Intermediate III can then be attacked by the π electrons
of the core arene, and oxidized again at the anode, yielding 5M

through a direct pathway, without involving the mediator.
Alternatively, amidyl radical III can react with 4-Tol-I to form
intermediate IV, which is either oxidized to species V, or
attacked radically by the π system, to form product 5M after
elimination of 4-Tol-I and subsequent oxidation. If species V is

Scheme 3. Reaction scope based on different 3-aryl propionic amides.
Undivided 5 mL Teflon™ screening cell, substrate (0.3 mmol), HFIP (5 mL),
stainless-steel cathode for undivided (ud) set-up, stainless-steel wire for
quasi-divided (qd) set-up. Isolated yields are provided for the set-up with the
best results. NMR yields for other tested set-ups and conditions are given in
the Supporting Information. [a] 4-Tol-I (5 mol%), NBu4OAc (5 mol%). [b]
60 mL glass cell (illustrated in relation to a 5 mL Teflon™ screening cell and
1 € coin), substrate (3.0 mmol), HFIP (50 mL). [c] Regioisomer with R1 in 8-
position of the 1H-3,4-dihydroquinolin-2-one scaffold is only formed in traces
and not depicted. [d] The other depicted regioisomers are formed in traces.
[e] 4-Tol-I (20 mol%), NBu4OAc (20 mol%). [f] Spirolactams 6x–z’ are formed
applying the above shown reaction conditions from substrates 4x–z.
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formed, the attack of an electron pair from the π system and
elimination of 4-Tol-I lead to 5M. Due to the limited analytical
methods it’s not possible to make a definite statement about
which of the proposed mechanisms takes place predominantly.
However, when substrates 4f and 4g, which exhibit lower
oxidation potentials than the mediator, were employed in a
direct electrolysis without mediator, product yields dropped
significantly (see Supporting Information). This indicates that
the mediator seems to play a crucial role for improved reaction
performance, making a mediated pathway likely.

Different 3,4-dihydroquinolin-2-one regioisomers were ob-
tained for substrates 4q–u, bearing a m-substituent on the core
arene. The position of the newly established C� N bond depends
on whether the formed amidyl radical VI is attacked by the π
system through pathway a), b) or c) (Scheme 5). Pathways a)
and b) lead directly to 3,4-dihydroquinolin-2-one intermediates

VII and VIII, involving a second oxidation step. Deprotonation
yields products 5 and 5’. Based on the results obtained when
investigating the scope, it can be assumed that pathway b) is
less likely than the other ones, since regioisomer 5’ was formed
only in traces for all tested substrates. This might be explained
by the steric hindrance caused by the Rm substituent. The third
possible pathway is c), where spiro-cyclization and further
oxidation leads to intermediate IX. By rearrangement of the
alkyl moiety and subsequent deprotonation products 5’’ and
5’’’ are obtained. The probability, which of the presented
pathways a), b), c’) or c’’) take place, depends strongly on the
nature of substituent Rm. However, for substrates bearing a
substituent Rp para to the alkyl chain, the results indicate that
the mechanism proceeds predominantly through spiro inter-
mediate X, which can undergo two possible follow-up reactions.
If rearrangement c’’’) takes place, the 6-substituted product 5’’’’
is obtained (derivatives 5v and 5w). Alternatively, spirolactam 6
can be accessed (pathway d)), if substituent Rp enables a
stabilization of the intermediate X through elimination of a
leaving group (derivatives 6x and 6y) or through addition of a
nucleophile (derivatives 6z and 6z’). As a counter reaction,
hydrogen is generated at the cathode by deprotonation of HFIP
and reduction of the released protons. The mechanism
regarding regiochemistry is supported by the literature.[14,16,17,49]

Scheme 4. Grouping of the substrates according to their oxidation potential
(top) and proposed mechanisms for each group (center, bottom). SET= sin-
gle electron transfer.

Scheme 5. Regiochemistry for substrates with meta- and para-substituents
on the core arene.
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Conclusions

In summary, a new electrocatalytic hypervalent iodine(III)-
mediated in-cell synthesis of 1H-N-aryl-3,4-dihydroquinolin-2-
ones has been developed, featuring a low mediator loading
and supporting electrolyte concentration, a recyclable solvent,
mild reaction conditions, sustainable, inexpensive and readily
available electrode materials, as well as a simple galvanostatic
set-up. The broad applicability could be demonstrated by
synthesizing 23 derivatives in yields up to 96% containing
various functional groups such as halide, alkyl, methoxy, ester,
cyano, nitro, acyloxy, and acetamido substituents. Additionally,
core motifs of various biologically active substances could be
accessed by this method. Performing a 10-fold scale-up experi-
ment proved the excellent scalability of the reaction. Further-
more, it was shown that the highly electron-rich p-meth-
oxyanilide substrate 4h could be converted to the
corresponding product in 96% yield in a direct electrolysis
without using a mediator. Based on the obtained products a
reasonable reaction mechanism was proposed.

Experimental Section
General protocol for the electrochemical synthesis of 1H-3,4-
dihydroquinolin-2-ones 5a–w and spirolactams 6x–z’: A solution
of the corresponding N-aryl-3-arylpropanamide substrate 4a–z
(0.30 mmol, 1.0 eq.), NBu4PF6 (19 mg, 0.01 m), 4-Tol-I (7 mg,
0.03 mmol, 0.1 eq.), and NBu4OAc (9 mg, 0.03 mmol, 0.1 eq.) in HFIP
(5 mL) was stirred (vstirr=400 rpm) in a temperature adjusted
undivided 5 mL Teflon™ screening cell[41] for 30 minutes until the
reaction mixture reached a constant temperature of 40 °C. Then,
the solution was electrolyzed under constant current conditions (j=
1 mAcm� 2, anodic surface: 1.8 cm2), employing a freshly sanded
isostatic graphite anode, and a stainless-steel electrode (undivided
set-up) or a stainless-steel wire (quasi-divided set-up) as cathode,
until a total applied charge of 2.4 F was applied. The solvent was
recovered by rotary evaporation (200–90 mbar, 50 °C) and the
residue was purified by column chromatography, yielding products
5a–w or 6x–z’.

For derivatives, where 5 mol% of the mediator was applied, the
following instead of the above stated amounts were used: 4-Tol-I
(3 mg, 0.015 mmol, 0.05 eq.), NBu4OAc (5 mg, 0.015 mmol, 0.05 eq.).
For derivatives, where 20 mol% of the mediator was applied, the
following instead of the above stated amounts were used: 4-Tol-I
(13 mg, 0.06 mmol, 0.2 eq.), NBu4OAc (18 mg, 0.06 mmol, 0.2 eq.).

For quantification by HPLC, 2-naphthol (1.0 eq.) was added as
internal standard to the crude product after having removed HFIP.
For quantification by 1H NMR, 1,3,5-trimethoxybenzene (1.0 eq.)
was added as internal standard to the crude product after having
removed HFIP.

Protocol for the scale-up of the electrochemical synthesis of 5p:
A solution of 4p (0.82 g, 3.0 mmol, 1.0 eq.), NBu4PF6 (0.19 g,
0.01 m), 4-Tol-I (0.07 g, 0.3 mmol, 0.1 eq.), and NBu4OAc (0.09 g,
0.3 mmol, 0.1 eq.) in HFIP (50 mL) was heated in a 60 mL beaker-
type glass cell, until the reaction mixture reached 40 °C. Then, the
solution was electrolyzed under constant current conditions (j=
1 mAcm� 2; anodic surface: 7.2 cm� 2), employing a freshly sanded
isostatic graphite anode and a spiral-shaped stainless-steel wire as
cathode, until a total charge of 2.4 F was applied. The solvent was
recovered by rotary evaporation (200–90 mbar, 50 °C) and the

residue was purified by column chromatography (silica gel,
cyclohexane/ ethyl acetate, gradient: 3% to 25% ethyl acetate v/v),
yielding product 5p.
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An electrocatalytic hypervalent
iodine(III)-mediated in-cell synthesis of
3,4-dihydroquinolin-2-ones by C� N
coupling is established, applying
catalytic amounts of reagents, inex-
pensive electrode materials and a
simple galvanostatic set-up. With this

method 23 examples in yields up to
96% could be synthesized, exhibiting
various functional groups. Further-
more, a 10-fold scale-up was
performed and a reaction mechanism
was proposed.
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