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ABSTRACT: Fluorinated heterocycles play an important role in
pharmaceutical and agrochemical industries. Herein, we report on the
synthesis of four types of fluorinated heterocycles via rhodium(III)-
catalyzed CH activation of arenes/alkenes and versatile coupling with
2,2-difluorovinyl tosylate. With N-OMe benzamide being a directing group
(DG), the reaction delivered a monofluorinated alkene with the retention
of the tosylate functionality. Subsequent one-pot acid treatment allowed the
efficient synthesis of 4-fluoroisoquinolin-1(2H)-ones and 5-fluoropyridin-
2(1H)-ones. When NOPiv benzamides were used, however, [4 + 2] cyclization occurred to provide gem-difluorinated
dihydroisoquinolin-1(2H)-ones. Synthetic applications have been demonstrated and the ready availability of both the arene and
the coupling partner highlighted the synthetic potentials of these protocols. Mechanistically, these two processes share a common
process involving NH deprotonation, CH activation, and olefin insertion to form a 7-membered rhodacycle. Thereafter,
different reaction pathways featuring β-F elimination and CN bond formation are followed on the basis of density functional
theory (DFT) studies. These two pathways are DG-dependent and led to the open chain and cyclization products, respectively.
The mechanistic rationale was supported by detailed DFT studies. In particular, the origins of the intriguing selectivity in the
competing β-F elimination versus CN bond formation were elucidated. It was found that β-F elimination is a facile event and
proceeds via a syn-coplanar transition state with a low energy barrier. The CN bond formation proceeds via a facile migratory
insertion of the RhC(alkyl) into the Rh(V) amido species. In both reactions, the migratory insertion of the alkene is turnover-
limiting, which stays in good agreement with the experimental studies.

■ INTRODUCTION

The unique properties imparted by fluorine atom have rendered
it a popular element in functional molecules.1 The introduction
of fluorine or fluorine-containing structural motifs into small
molecules often brings about desirable properties in pharma-
ceuticals and agrochemicals.2 By merging heterocyclic and
fluoroorganic chemistry, ring-fluorinated heterocycles have
found widespread applications, as evidenced by their occur-
rences in numerous bioactive compounds and drugs (Figure 1).3

Thus, the assembly of fluorinated heterocycles has been a topic
of ongoing interest.4 However, formidable challenges remain,
especially in the synthesis of fluorinated isoquinolinone and
derivatives that are among the most intriguing structural motifs.
Among the limited methods that have been reported, the
majority of them suffer from the necessity of highly function-
alized starting materials, lengthy synthetic operations, harsh
reaction conditions, and/or overfluorinations.3c−e,5 Therefore,
new synthetic options featuring high efficiency and flexibility are
still under great demand.
Transition metal-catalyzed CH activation has emerged as

an effective strategy for diverse CC and CX bond
formation in an atom- and step-economical fashion,6 especially

in heterocycle synthesis.7 Nevertheless, there is generally a lack
of valuable functional groups in the resulting heterocyclic
rings, which thus gave rise to rather limited structural diversity.
Recently, Glorius8 and Wang9 independently reported the
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Figure 1. Representative Bioactive Compounds or Drugs Containing
Fluorinated Heterocycles.
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straightforward synthesis of boron- and phosphorus-function-
alized heterocycles via arene CH activation and coupling
with the corresponding functionalized alkynes. We therefore
envisioned a fluorinated building-block strategy for the synthesis
of fluorinated heterocycles. Compared to the classical approaches,
this strategy is expected to offer higher flexibility and
simplicity. Our strategy is to use 2,2-difluorovinyl tosylate 1 as
a readily available fluorinated synthon.10 We reasoned that the
1,2-disposition of fluorine (pull) and oxygen (push) should
sufficiently activate it to convey interesting reactivity such as
cleavage of bond CF bond via β-elimination (Scheme 1b).10−12

Moreover, the tosylate group provides an easily transformable
handle for further manipulations.13

Although β-F elimination is well-known for early transition
metals, the incorporation of this process into late transition
metal catalysis is still underexplored.14 In this regard, two elegant
reports, among others, are disclosed recently. The group of
Loh reported a Rh(III)-catalyzed CH15 olefination of arenes
using gem-difluoroalkenes, with no cyclization (Scheme 1c)14a or
with complete defluororination being involved.14b Of note, a
hydrogen-bonding-assisted β-F elimination from Rh complex
was proposed to explain the reactivity and selectivity.14a Toste
developed a palladium-catalyzed coupling of difluoroalkenes with
boronic acids for synthesis of monofluorostilbenes, in which a
β-F elimination from the palladium complex was accounted
for the CF bond cleavage (Scheme 1d).14c Although well
accepted, theoretical understanding of β-F elimination of late
transition metal organometallic species is largely lacking.16

Previously, independent works from the groups of Glorius17a

and Fagnou17b have demonstrated an intriguing directing group-
controlled reactivity, namely selective CN reductive elimination
versus β-H elimination.17c Thus, under Rh(III) catalysis, the

reaction of NOPiv benzamides with olefins afforded a cycliza-
tion product, while the coupling reaction of NOMe benzamides
led to the formation of an open-chain olefin (Scheme 1a).
In both cases, the NO bond was cleaved and served as an
internal oxidant.
We have observed an analogous scenario in this study by

integrating CH activation and fluorine chemistry. Herein,
we disclose our observation that different directing groups
(NOMe and NOPiv amides) could also dictate the
selectivity of CN formation versus β-F elimination. Thus,
by using 2,2-difluorovinyl tosylate as a coupling partner, the
reaction of NOPiv benzamides gave annulated products
dihydroisoquinolin-1(2H)-ones. Whereas for NOMe benza-
mides, the monofluorine-retentive, tosylate functionalized olefin
products were obtained via β-F elimination (Scheme 1b).
Detailed mechanistic studies have been performed. In particular,
the stereospecificity of the β-F elimination and the origin of
directing group-controlled β-F elimination versus CN bond
formation pathways were elucidated by detailed computational
studies.

■ RESULTS AND DISCUSSION

Synthesis of Gem-Difluorinated Dihydroisoquinolin-
1(2H)-ones. Method Development and Scope. We first
investigated the coupling of N-(pivaloyloxy)benzamide 2a with
2,2-difluorovinyl tosylate 1 (Table 1). We were pleased to find
that under the reaction conditions of [Cp*RhCl2]2 (2.5 mol %)

Scheme 1. Related Work and Reaction Design

Table 1. Synthesis of 4,4-Difluoro-3-alkoxy-3,4-
dihydroisoquinolin-1(2H)-onesa

aReaction conditions: 2 (0.5 mmol), 2,2-difluorovinyl tosylate 1
(0.6 mmol, 1.2 equiv), [Cp*RhCl2]2 (2.5 mol %), CsOPiv (2.0 equiv),
in ROH (0.2 M), 35 °C, 18 h.
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and CsOPiv (2.0 equiv) in MeOH at 35 °C, an annulated
product dihydroisoquinolin-1(2H)-one (3a) bearing a gem-
difluorides substituent at the C4 position was isolated in 71%
yield. The structure of 3a was unambiguously confirmed by
X-ray crystallography.18 The incorporated methoxy group α to
the nitrogen atom, derived from the solvent MeOH, provides a
good handle for further elaboration. The scope of this reaction
was then explored. Gratifyingly, a variety of synthetically useful
functional groups, such as methoxy (3c), ester (3d), cyano
(3e), chloro (3l), bromo (3j), iodo (3f), trifluoromethyl (3g),
and nitro (3k) were well tolerated, giving the corresponding
products in 38−86% yields. Of note, good regioselectivities
favoring activation of the less congested CH bond were
observed when meta-substituted substrates were applied (3h−l).
Unfortunately, some electron-rich heteroaromatic substrates
only gave lower yields (3m and 3n). Switching the solvent to
other primary or secondary alcohols led to the formation of the
corresponding alkoxylated product (3p−t). In contrast, the
coupling of Loh’s gem-difluoroalkene 4a14a gave no correspond-
ing cyclization products, while the use of (E)-fluorovinyl tosylate
or (Z)-fluorovinyl tosylate (4b) as coupling partner led only to
the defluoroalkenylation products, indicating the unique reactivity
of 2,2-difluorovinyl tosylate.19 Unfortunately, the cyclization of
a tetra-substituted 2,2-difluorovinyl tosylate (4c and 4d) was also
unsuccessful probably for steric reasons. The low yield of several
cases is due to the competitive substrate decomposition via Lossen
rearrangement.
Synthetic Applications and Product Elaborations. To

further demonstrate the robustness and usefulness of the reaction,
several experiments were conducted. A gram-scale reaction of 2a
furnished 3a in 84% yield (1.78 g, Scheme 2a). In addition, the

estrone-derived substrate 5 was also amenable to cyclization to
give the corresponding product 6 in 61% yield with 1:1 diastereo-
meric ratio (Scheme 2b). Probenecid is a uricosuric drug.20

To our delight, by following a simple directing group installation/
cyclization sequence, the fluorinated probenecid analog 3u was
successfully accessed (Scheme 2c).
Elaboration of the product has been achieved by taking

advantage of lability of the methoxy group (Scheme 3). Thus,
treatment of 3a with POCl3 at 100 °C delivered a dichlorinated
4-fluoroisoquinoline 7 in 30% yield. In addition, the hemi-
aminal ether functionality in 3a was easily hydrolyzed to give
hemiaminal 8. Further oxidation of 8 furnished 4,4-difluor-
oisoquinoline-1,3(2H,4H)-dione 9 in quantitative yield, which
is the core structural motif of an NOS inhibitor depicted in
Figure 1.3f Furthermore, exchange of methoxy with azido was

accomplished by treating 3a with boron trifluoride and
azidotrimethylsilane.21 The Staudinger reduction of azide with
PBu3 gave aminal 11 in good yield.

Synthesis of 4-Fluoroisoquinolin-1(2H)-ones and
5-Fluoropyridin-2(1H)-ones. Method Development and
Scope. Interestingly, when the amide was switched to
N-methoxybenzamide 12a, an open chain monofluoroalkene
13a started to be generated (eq 1). The geometry of the alkene

was determined to be Z according to NOE analyses. An
extensive examination of the reaction parameters revealed that
a high isolated yield of 80% was obtained under the reaction
conditions of [Cp*RhCl2]2 (2.5 mol %), AgBF4 (10.0 mol %),
CsOPiv (1.0 equiv) and Ca(OH)2 (1.0 equiv) at 40 °C. The
use of Ca(OH)2 as an additive is beneficial presumably due to
its ability to scavenge the HF coproduct via the formation of
CaF2. We realized that the presence of a tosylate in the product
might offer a good handle for an intramolecular cyclization.
Indeed, treatment of 13a with conc. H2SO4 at room temperature
furnished 4-fluoroisoquinolin-1(2H)-one22 14a in quantitative
yield. To further enhance the efficiency of the cyclization, a
telescoping synthesis of 14a without the isolation of intermediate
13a was realized with a good yield of 83% (eq 2).
The generality for both synthesis of monofluoroalkene 13

and 4-fluoroisoquinolin-1(2H)-one 14 were then investigated.
As shown in Table 2, differently substituted N-methoxybenza-
mides, regardless of the electronic property and the position
of the substituents, underwent smooth reaction to give the
monofluoroalkenes in moderate to excellent yields. Various meta-
substituents were allowed and the functionalization occurred at
the less hindered position (13f, 13g, 13j). It is noteworthy that
ortho-substituents were also tolerated in this reaction, albeit with
lower yield (13h, 13i). Naphthalene-(13k), thiophene-(13l), and
benzothiophene-derived (13m) substrates were also compatible
with the reaction conditions. Interestingly, the minor E isomeric
products started to be detected when 12i and 12j were applied.
The functionalization of alkenyl CH bonds was also attempted.
It was found that by elevating the temperature to 60 °C,
moderate yields of the corresponding products could be obtained
(13n−p).
Gratifyingly, all the substrates examined in the monofluoro-

alkenation reactions could be amenable to the telescoping

Scheme 2. Gram-Scale Preparation and Synthetic
Applications

Scheme 3. Elaboration of 3a
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synthesis of 4-fluoroisoquinolin-1(2H)-one 14. Therefore, a
wide variety of functionalized 4-fluoroisoquinolin-1(2H)-ones
and 5-fluoropyridin-2(1H)-ones23 were assembled in a simple
and straightforward manner. In certain cases, the isolated yields
for the telescoping synthesis are higher than the monofluoro-
alkenation. This is due to the relatively poor solubility of the
arylated monofluoroalkenes in common organic solvents which
defied efficient isolation.
Synthetic Applications and Product Elaboration. The

NO bond in the product 14 could be easily cleaved upon
treatment with NaH in DMF,24 thereby providing a handle for
further decoration at the nitrogen atom (Scheme 4). Delightfully,
our protocol is well suited for the synthesis of compound 17, a
tumor necrosis factor (Figure 1).3e Thus, the CH func-
tionalization and a subsequent cyclization of 12q furnished the
fluorinated isoquinolinone 13q in 51% yield. The NO bond
cleavage occurred smoothly to go give compound 16, which was
alkylated to readily provide the final target product 17.
Synthesis of 5-Fluoro-8H-isoquinolino[3,2-a]-

isoquinolin-8-one. Analogously, by using a similar strategy
for the construction of 4-fluoroisoquinolin-1(2H)-ones, the
reaction of isoquinolones and 1 furnished the mono-
fluoroalkene 19, which was then converted to the cyclized
product 5-fluoro-8H-isoquinolino[3,2-a]isoquinolin-8-one 20

in moderate to good efficiency upon treatment with aq NaOH
(Scheme 5).

Mechanistic Studies. Mechanistic studies using a combined
experimental and computational approach were conducted to
delineate the reaction mechanism, specifically on: (1) which step
is turnover limiting? (2) what is the origin of the observed
regioselectivity for the migratory insertion of 2,2-difluorovinyl
tosylate? (3) what is the origin of selectivity of C−N bond
formation versus β-F elimination? and (4) how is the fluorine
atom eliminated and why is the Z-alkene formed preferentially
over the E one?

Kinetic Studies. To probe whether CH activation is
turnover-limiting, kinetic isotope effect studies were conducted.
On the basis of initial rate kinetics, KIE values of 1.28 (eq 3)
and 1.23 (eq 4) were obtained for the cyclization and mono-

fluoroalkenation reactions, respectively. In addition, the measure-
ment of the intramolecular KIE provided a PH/PD value of 5.25 for
the cyclization reaction (eq 5). These results indicate that CH
cleavage is not likely turnover-limiting.25

Kinetic experiments by the method of initial rates on the
reaction of NOPiv benzamide 2a and 1 provided additional
insight into the reaction mechanism. This cyclization reaction
was found to be first order with respect to the catalyst and

Table 2. Synthesis of Monofluoroalkenes,
4-Fluoroisoquinolin-1(2H)-ones, and 5-Fluoropyridin-
2(1H)-ones

aStandard conditions B: [Cp*RhCl2]2 (2.5 mol %), AgBF4 (10 mol %),
CsOPiv (1.0 equiv), Ca(OH)2 (1.0 equiv), HFIP, 40 °C, 5−24 h. b1H
NMR yield. cThe ratio of Z/E isomers, the major Z isomer is shown.
dAt 60 °C. eStandard conditions B, then conc. H2SO4, rt, 3−18 h.

Scheme 4. NO Bond Cleavage and Synthetic Application

Scheme 5. Synthesis of 5-Fluoro-8H-isoquinolino-
[3,2-a]isoquinolin-8-ones
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2,2-difluorovinyl tosylate 1, indicating that both the catalyst and
1 are likely involved in the turnover-limiting step (Figure 2a
and 2b). Interestingly, however, an inverse first order was
observed for substrate 2a (Figure 2c). This result might suggest
a dual role of 2a working as a substrate as well as an inhibiting
ligand in the catalytic cycle. Its inhibitory effect was further
evidenced by the decreased reaction efficiency when a non-
productive amide 2v was added to the reaction (eq 6).

The Hammett experiments gave a negative value of ρ = −0.56,
indicating that buildup of positive charge in the transition state
(Figure 2d). In addition, no product inhibition was found.26

Identification of Reaction Intermediate. We attempted but
failed to isolate the rhodycycle species from the interactions of
the Rh(III) catalysts and the NOPiv or NOMe benzamides.
However, the corresponding isoquinolinone-based metallacycle
21 was obtained following Wang’s procedure.27 The activity
of this complex was then examined. In stioichiometric reaction,
the reaction of complex 21 with 1 delivered 12% yield of the
alkenylation product 19a, along with 30% yield of cyclized 20a
(eq 7). The use of complex 21 as a catalyst delivered the open
chain and the cyclized products as well, albeit with a different ratio.

These results indicated that complex 21 is either a reaction
intermediate or a direct precursor (eq 8).

■ COMPUTATIONAL STUDIES
To further cast light on details of the mechanism, theoretical calcula-
tions were performed at the density functional theory level (B3LYP
and M11L).28 The proposed mechanism was broken into 4 key steps:
NH deprotonation, CH activation, migratory insertion, and
CN bond formation (or β-F elimination).

NH Deprotonation, CH Activation, and Alkene Insertion.
Figure 3 shows the computational results for the formation of a seven-
membered rhodacycle. The OPiv-ligated complex Cp*Rh(OPiv)2 was
selected as the starting point. With NOPiv benzamide 2a being
a substrate, it was found that both of the NH and CH activation
occur via a concerted metalation-deprotonation (CMD)29 mechanism
with pivalate acting as intramolecular base, through transition states
TS-1 (ΔG‡ = 11.6 kcal/mol) and TS-2 (ΔG‡ = 20.3 kcal/mol),
respectively. Thereafter, a regioselective alkene insertion proceeds via
TS-3 (ΔG‡ = 25.7 kcal/mol), which has a higher activation barrier
than the first two steps. The observed inverse reaction order on
substrate 2a could be explained by the competing formation of an

Figure 2. Kinetic profile for the cyclization reactions. From left to right: (a) Plot of initial rate versus catalyst. (b) Plot of initial rates versus 1.
(c) Plot of yield versus time with different [2a]. (d) Hammett Plot with differently substituted 2a.

Figure 3. Computed pathways for NH deprotonation, CH activation, and alkene insertion. The values in square brackets correspond to the
energies for compound 12a.
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off-loop diamidate intermediate INT-2′. The N-OMe substrate reacts
through a similar reaction mechanism with a similar energy profile
(values in the square brackets). The computational results suggest that
CH activation is not the turnover limiting step for both amide
substrates, consistent with the observed small experimental KIE values.
β-F Elimination. On the basis of literature precedents,14a,16 two

possible pathways have been taken into account for the cleavage of the
CF bond in complex INT-7, namely, the syn-coplanar β-F elimina-
tion and H-bonding-assisted β-F elimination.
We first computed the feasibility of syn-coplanar β-F elimination. To

this end, complex INT-7 is first isomerized to a less stable inter-
mediate INT-8, in which an agostic interaction of the CF bond with
metal center is observed (Figure 4, blue lines). β-F elimination then
occurs via a cis-coplanar transition state TS-4 (ΔG‡ = 6.7 kcal/mol),
leading to a fluoride intermediate INT-9. The RhF bond is cleaved
with the aid of a coordinated PivOH (via TS-5) with a low energy
barrier. Likewise, the release of the final product (cleavage of the
RhN) follows a similar mechanism. With this model, the elimina-
tion of the cis-F atom forming the E type product requires higher
activation energy of 9.6 kcal/mol.26 Thus, this mechanism scenario is

consistent with our observation that Z-monofluoroalkene is formed
preferentially.

Of note, Loh and co-workers have proposed an H-bonding-assisted
β-F elimination mechanism in their monofluoroalkene synthesis,
on the basis of the observation that the addition of exogenous bases
was detrimental to reaction.14a In our reaction, however, the use of
CsOPiv and Ca(OH)2 as bases was found to be beneficial, which thus
suggests such H-bonding is less likely involved for CF cleavage.
Indeed, our computation results showed that the anticoplanar
H-bonding assisted β-F elimination (via TS-7) is accompanied by a
free energy of 18.8 kcal/mol, 12.1 kcal/mol higher than that of the
syn-coplanar one (Figure 4, gray lines). Therefore, the syn-coplanar
mechanism is likely operative in our reaction.

CN Bond Formation. The use of NOPiv benzamides led to
the cyclization reaction. Thus, the origin of CN bond formation
over β-F elimination was explored, and the results were shown in
Figure 5. Initially, the coordination of the pendent carbonyl oxygen to
the Rh center leads to complex INT-18, setting a stage for an intra-
molecular oxidation of Rh(III) (red lines). Subsequently, the migration
of OPiv from N to Rh occurs via a 5-membered ring transition state

Figure 4. Two computed pathways for β-F elimination.

Figure 5. Computed mechanism for CN bond formation.
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(TS-9) with an activation barrier of 11.9 kcal/mol, yielding a Rh(V)
nitrenoid intermediate INT-19.30 The RhN bond (1.86 Å) in
INT-19 is dramatically shortened compared to that in INT-18 (2.09 Å).
The high-valent Rh(V) species INT-19 then undergoes nitrenoid
insertion to produce INT-20. This process proceeds via TS-10 with a
free energy of only 5.7 kcal/mol and the process is extremely exergonic
by 73.8 kcal/mol. Thereafter, a formal β-oxygen elimination via transi-
tion state TS-11 lead to an imine intermediate INT-22. The attack
of MeOH solvent with the assistance of PivOH furnishes the final
product 3a.
The intermediacy of a high-valent Rh(V) nitrenoid species was

proved by a Natural Bond Orbital (NBO) analysis.31 From intermediate
INT-18 to TS-9 and further to intermediate INT-19, diminished NBO
charge of 0.262, 0.386, and 0.417, respectively, was found on the metal.
Furthermore, the electron binding energy32 of the Rh 4s electron for
intermediate INT-18, TS-9, and intermediate INT-19 is calculated
to be 87.6, 88.3, and 88.6 eV, respectively. These results are in good
agreement with the proposal that a Rh(V) oxidation state is likely
involved.
Another mechanistic possibility featuring direct CN bond-

reductive elimination from the Rh(III) intermediate is also examined.
As shown in Figure 5 (gray lines), our attempt to locate a transition
state for the direct CN reductive elimination from INT-18 lead
to an intramolecular migration of the tosylate, forming another Rh(III)
complex INT-25. Thereafter, a formal β-oxygen elimination could
deliver the same imine intermediate INT-22. In the entire process,

the oxidation state of rhodium stays unchanged. Energetically, this
pathway is associated with a higher activation energy than the Rh(V)
pathway. Therefore, the Rh(V) pathway is more likely.

The energy profile for the β-F elimination from intermediate INT-7
was also conducted.26 In this case, β-F elimination occurs via a syn-
coplanar transition state (ΔG‡ = 6.6 kcal/mol) is accompanied
by a relatively higher kinetic barrier. However, thermodynamically,
this process was found to be far less exergonic than the CN bond
formation process. Taken together, the theoretical calculation demons-
trated the cyclization product should be selectively formed, which goes
well with the experimental observations.

Selectivity for Migratory Insertion. The regioselectivity in
migratory insertion of 2,2-difluorovinyl tosylate is worth noting. Natural
Bond Orbital (NBO) analysis revealed that the β-carbon in free
2,2-difluorovinyl tosylate is highly positively charged (0.820) due to
the strong inductive effect of fluorine atoms (Figure 6).33 However,
in complex INT-5, the RhC carbon atom (0.005) is found to be
relatively more negatively charged compared to the metal center
(0.246). Therefore, the carbon center is expected to be prone to attack
the β-carbon of 1. Consistently, calculations showed that a higher
kinetic barrier is required for the inverse regioselective insertion
(29.1 kcal/mol vs 26.3 kcal/mol). These results are also in line with our
Hammett plot experiments that electron-rich substrates react faster.

Mechanistic Proposal. On the basis of the above studies, our
mechanistic summary is depicted in Scheme 6. Initially, the ligand
exchange with bezamide 2a or 12a via a CMD-like deprotonation
yields complex A. Likewise, another CMD type ortho CH activation
of benzamide gives the rhodacycle B, which then undergoes migratory
insertion into 2,2-difluorovinyl tosylate 1 to delivers intermediate C.
The observed regioselectivity can be rationalized by the decreased
electron density at the β-carbon center induced by the strong inductive
effect of the two fluorine atoms.33 Thereafter, there are two distinct
reaction pathways depending on the nature of directing group. For
N-(pivaloyloxy)benzamide (X = OPiv), a facile intramolecular
oxidation of the Rh(III) yields a Rh(V) nitrenoid intermediate D.
Upon migratory insertion into the nitrenoid, compound F is generated.
An exchange of OTs with solvent-derived methoxy gives the dihy-
droisoquinolone product 3a. While for the N-methoxybenzamide sub-
strate, the corresponding intermediate C undergoes a selective β-fluorine
elimination via a syn-coplanar transition state to regain the double
bond. Ligand exchanges of G with PivOH releases the arylated mono-
fluoroalkene 13a, which is susceptible to an acid-promoted cycliza-
tion to give 4-fluoroisoquinolin-1(2H)-one 14a. Overall, the alkene
insertion step carries the highest activation barrier for both reactions,
which is in good agreement with our observed experimental kinetic
data.

■ CONCLUSIONS
In summary, by taking advantage of the unique reactivity of
2,2-difluorovinyl tosylate, we have accomplished facile synthesis
of 4,4-difluoro-3,4-dihydroisoquinolin-1(2H)-ones, 4-fluoroiso-
quinolin-1(2H)-ones, and 5-fluoropyridin-2(1H)-ones by using
Rh(III)-catalyzed CH activation as the key strategy. The reactions
proceeded under mild and redox-neutral reaction conditions.

Figure 6. Natural Bond Orbital (NBO) analysis to account for the
regioselectivity.

Scheme 6. Summary of Mechanistic Proposal
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The robustness of the protocols were fully investigated and
found to be quite decent.
Mechanistic studies using a combined experimental and com-

putational approach were conducted to interpret the reaction
mechanism, specifically on the scenario of directing group-
governed distinct reactivity, namely CN formation and the
β-F elimination. Of note, the β-F elimination was found to
occur via a syn-coplanar transition state with a very low activa-
tion barrier. Given the importance of fluorinated heterocycles
in functional molecules, we expect that these methods may find
important applications.
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