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Abstract: A general protocol for palladium-catalysed
C¢H mono- and di-fluorination of highly substituted
arylpyrazoles is reported. Coupling pathways and
substrate limitations are discussed in the light of
complementary mechanistic experimental and densi-
ty functional theory (DFT) studies. The mono- and
di-ortho-fluorination of arylpyrazoles having substi-
tuted pyrazole groups and ortho-, meta-, or para-sub-
stituted arene moieties is achieved. Various pyrazole
groups can efficiently promote the direct C¢H acti-
vation/fluorination of substrates bearing valuable re-
active ester, cyano, halide and nitro functions. The
presence of methoxy, methyl and trifluoromethyl is
tolerated on the pyrazole directing groups. However,
steric substituent effects have a marked influence
which is evidenced by calculations. DFT modelling

suggested also a previously unseen outer-sphere oxi-
dative addition of N-fluorobenzenesulfonimide
(NFSI) to Pd(II) as an alternative mechanism to the
commonly assumed Pd(II)/Pd(IV) process. This un-
precedented proposal, which is supported by the
mass spectrometry identification of a key Pd(II) mo-
nomer under the stoichiometric conditions deserves
more attention. The influence of elaborate highly
substituted directing groups on the course of Pd-cat-
alysed fluorination has generally received limited at-
tention although this question has a crucial synthetic
utility; herein, appropriate conditions for isolating
pure products are reported.

Keywords: arylpyrazoles; C¢H activation; fluorina-
tion; mechanism; palladium

Introduction

Ligand-directed C¢H bond activation/functionalisa-
tion by a transition metal has emerged as a powerful
method for selectively creating C¢C and C¢X bonds
(X=N, O, S, halogen).[1] While fluorinated com-
pounds are present in pharmaceuticals, agrochemicals,
molecular materials and medical imaging radiotrac-
ers,[2] synthetic methods to efficiently form carbon–
fluorine bonds under mild conditions remained rather
limited until recently.[3–7] Directed C¢H bond fluori-
nation is an attractive approach obviating substrate
prefunctionalisation. The first example of Pd-cata-
lysed C¢F bond formation via C¢H activation has
been reported with pyridine as the directing group in
the presence of Pd(OAc)2.

[8] Direct sp3 C¢H electro-
philic fluorination proceeded smoothly upon micro-

wave irradiation with moderate yields.[9] Fluorination
of arenes bearing an amide directing group has been
then reported,[10] and tuning substituents on this
amide allowed fluorination of benzoic amides. The
use of N-ligand directing groups has been extended
mainly to quinoxalines and selective monofluorina-
tion can be promoted in nitromethane by the addition
of trifluoroacetic acid (TFA).[11] Xu et al. also illus-
trated three examples of monofluorination of para-
functionalised arenes using a simple pyrazole as di-
recting group and TFA while our work was ongoing.
They noticed serious difficulties to isolate fluorinated
compounds from starting materials using arylpyra-
zoles. Lately a remarkable effect of nitrate as a sub-
stoichiometric additive with an O-methyloxime direct-
ing group, which allowed ortho-fluorination of several
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unsubstituted and para-substituted arenes at moder-
ate temperature, has been disclosed.[12]

While significant progress has been made in the de-
velopment of this kind of fluorination reactions, the
influence of elaborate substituted directing groups on
the course of Pd-promoted fluorination generally re-
ceived limited attention, although this question has
a crucial synthetic utility (see, for instance, sophisti-
cated arylpyrazole drugs, Scheme 1). It had been also
suggested that there are intriguing and still unclear
limitations for some directing groups involved with
the fluorination of ortho-substituted arenes.[12] We
have investigated herein these issues by introducing
new and variously substituted directing groups based
on a pyrazole unit. Pertinent mechanistic studies de-
voted to fluorination have been reported,[13] and to
further extend the community effort we also under-
took DFT studies specifically paired to our experi-
ments. We now report a catalytic system efficiently
performing mono- and di-ortho-fluorination of aryl-
pyrazoles with highly substituted pyrazole groups and
ortho-, meta-, and para-substituted arene moieties.
DFT studies revealed a previously unseen outer-
sphere attack of the fluorinating agent, N-fluoroben-
zenesulfonimide (NFSI), onto the intermediate
Pd(II), which keeps the metal centre at this oxidation
state and might be an alternative to the formation of
Pd(IV) intermediates. Our calculations evidenced also

the deleterious steric effects of bulky directing groups
regarding key fluorination reaction steps.

Results and Discussion

Arylpyrazoles are easily made by C¢N bond forma-
tion (Scheme 1).[14] We reasoned that a pyrazole unit
might be an efficient directing group for C¢H bond
fluorination as it has been nicely demonstrated for
C¢C bond formation by the introduction of phenyl
and nitrile groups.[11,15,16] This approach gives access to
a variety of substituted-pyrazoles, usable as directing
groups. In preliminary experiments, the direct C¢H
activation/fluorination of arylpyrazoles was tested
under the conditions reported for pyridine and benzo-
ic amide directed reactions.[8–11] Starting with the
ortho-functionalised arene 2-(1H-pyrazol-1-yl)benzo-
nitrile (1, Table S1, Supporting Information), these
conditions were not general enough to provide the
fluorinated compounds in pure form and satisfactory
yield. A detailed screening of conditions was under-
taken (Table S2, Supporting Information). Various F++

sources, Pd precursors, acid additives and solvents
were tested.[17,18] Pd(OAc)2 in trifluoromethylbenzene
(PhCF3) led to 1a in 90% yield.

With optimised reaction conditions in hands we ex-
amined the efficiency of a pyrazole directing group
for the fluorination of ortho-functionalised arenes
with various substituents, including reactive functions
like ester, nitro and chloro (Scheme 2). Reactions
proceeded nicely with high conversion and good iso-
lated yields (>70%) of 2a, 3a, and 4a, respectively. In
the presence of a nitro substituent, the NFSI reagent
is stabilised and longer reaction times are possible
yielding 5a in 99% (64% isolated). Methoxy- and
methyl-substituted arylpyrazoles were tested in the
presence of 3.0 and 3.5 equiv. of electrophilic fluoride
to give 6a in 75% and 7a in 49% isolated yield,
respectively.

Substituents on the pyrazole unit have a dramatic
influence on the reaction, rendering it generally more
difficult. Nevertheless, C-4 substituted pyrazole units
with electron-donating and electron-withdrawing
functions such as ester, bromide and methyl are
tolerated, yielding 8a in 79%, 9a in 74% and 10a in
76%, respectively. Conversely, substitution of the pyr-
azole group at C-5 inhibited fluorination towards 11a
and 12a possibly due to steric reasons. Contrasting re-
sults were obtained with C-3 substitued pyrazoles
since an electron-withdrawing substituent trifluoro-
methyl fully inhibited fluorination to 13a while a do-
nating methyl group allowed a modest conversion of
22% in 14a. Purification procedures based on chroma-
tography limited the isolated yields despite various
work-up efforts (Table S3, Supporting Information).

Scheme 1. Synthesis of substituted pyrazoles and drugs in-
corporating substituted arylpyrazoles.
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The issue of N-directed selective monofluoration of
non-ortho-substituted arenes can be solved by adding
a TFA promoter in the presence of CH3NO2 or
NO3

¢.[11,12] According to our investigation this is due
to a kinetic effect which increases the gap existing be-
tween the rates of monofluorination and subsequent
difluorination reactions. Conversely, little is known on
the efficiency of difluorination reactions, and TFA has
a deleterious effect on its course. Gratifyingly, the
present catalytic system competently addressed com-
plete and selective difluorination of meta- and para-
substituted arenes (Figure 1).

The use of N-phenylpyrazole led to difluorinated
15b in high isolated yield (88%); nevertheless 5 equiv.
of NFSI were necessary for full conversion, possibly
indicating a relatively low stability in the reaction.
Lower amounts of NFSI always led to a mixture of
15a and 15b. This was later confirmed in our mecha-
nistic studies (see below). Compound 16 was also con-
verted into 16b in high yield but was unstable during
the purification process. Fluorination of nitro para-
substituted arene using 3 equiv. of NFSI proceeded
more slowly, which was again found to be in favour of
a monofluorination to 17a (64% conversion). By
using 5 equiv. of NFSI a fairly good conversion in di-
fluorinated product can be obtained and 17b was iso-
lated in 44% yield after 40 h of reaction. A similar

slow kinetic was observed for the arylpyrazole having
a nitro function in the meta-position of the arene
which allowed the isolation of 24a in moderate 39%
yield. C-3 and C-4 substituted pyrazole units are also
suitable directing groups for C¢H fluorination. The
products 18b to 23b were formed in modest to very
high yield (10% to 99%), even if lower isolated yields
were obtained when high purity (++99%) was sought.
With functions at the meta-position of the arene,
a dominant selectivity for the first fluorination was
observed and even an excess of NFSI was ineffective
to achieve difluorination. These results raised several
questions on the mechanism of the reaction and on
the influence of the substituents and their position,
which were addressed by DFT calculations.

Our computational study was first focused on the
fluorination of 1 to 1a. Various isomers were consid-
ered for the catalyst resting state (Scheme S1 and
Scheme S2, Supporting Information) and the isomer
I-1 (Scheme 3) was identified as the most stable.[19] It
is worth noting that the palladium dimer found in pre-
vious studies[13d,20] is less stable under our experimen-
tal conditions (see Supporting Information). In agree-
ment with reported mechanistic studies,[3d,21] we first
considered the oxidative addition of NFSI to the
Pd(II) complex I-1 leading to a Pd(IV) complex II-
1 stabilised by an intramolecular p-staking interaction

Scheme 2. Pyrazole-directed C¢H fluorination of ortho-substituted arenes. Conditions: arylpyrazole (0.5 mmol), Pd(OAc)2

(10 mol%), N-fluorobenzenesulfonimide (NFSI), solvent (5 mL) at 110 88C, under argon, 17 h. 1H and 19F NMR yield and iso-
lated yield in brackets.
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between the two phenylpyrazole moieties. This occurs
through a rather high barrier of 46.3 kcal mol¢1

(Scheme S3, Supporting Information). A reductive
elimination from II-1 leads to the product III-1 and
fluorination of the phenyl ring. The fluorination tran-
sition state is similar to those found in studies by
Saeys et al.[22] even though the activation energy of
17.8 kcal. mol¢1 is lower than previous theoretical and
experimental values.[19,20] However, in the course of
our modelling an alternative pathway emerged that
involves an outer-sphere direct fluorination in which

the metal centre remains Pd(II): the complex III-1 is
formed through TS-1 (++29.2 kcal mol¢1 barrier).[23]

Unexpectedly this alternative path appears to be
viable since it proceeds with a lower activation
energy. Mechanisms involving Pd(II)/Pd(IV) for C¢H
bond functionalisation have recently emerged and
have been intensively discussed.[13d,24] This proposal is
unusual but is consistent with the experimental issues
related to the fairly high concentration of NFSI re-
quired, and as such may be further considered in the
coming studies.

Figure 1. Pyrazole-directed C¢H fluorination of arenes substituted in para- or meta-positions. Conditions: arylpyrazole
(0.5 mmol), Pd(OAc)2 (10 mol%), NFSI, solvent (5 mL) at 110 88C, under argon, 17 h. 1H and 19F NMR yield and isolated
yield in brackets.

Scheme 3. Pd(II)/Pd(IV) and Pd(II) outer sphere reaction pathways for the fluorination of 1. NCH corresponds to the
phenyl pyrazole ligand bearing an o-CN group on phenyl.
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To further explore these DFT results we undertook
experimental studies under stoichiometric conditions,
including 1H and 19F NMR and mass spectrometric
analysis (Orbitrap ionisation), with the aim to identify
key palladium intermediates. In particular we checked

the formation and reactivity of complexes I-6 by mon-
itoring the reaction in time (Scheme 4).

The mass spectrometric analysis of the reaction
conducted under the conditions described in the
Scheme 4 indicates the formation of monomeric palla-
dium species with a fragmentation corresponding to I-
6, as detailed in Figure 2. Our results contrast with
the studies reported by Xu et al.[11,12] that used qui-
noxazoline and oxime as N-directing ligands, since no
isotopic mass m/z above 600 is detected with pyrazole
substrates (full range spectra of Figure S4, Supporting
Information).

The signature of monomeric palladium complex I-6
is clearly identified (isotopic distribution: Pd104 11%,
Pd105 22%, Pd106 27%, Pd108 26%, Pd110 11%) in the
mass analyses of reactions under stoichiometric condi-
tions at m/z= 511.05, 495.05, 480.03, 469.05 (Figure 2).
The palladium signature for dimer compounds is very
different and has a typical isotopic mass distribution.
The resting state nature of this complex I-6 was sup-
ported by the mass spectra obtained after 1 h, 7 h and
24 h of reaction with, after 24 h, the additional pres-
ence of complex III’’-6 (m/z=712.0, 19F NMR, dF =

Scheme 4. Time-resolved monitoring of the reaction under
stoichiometric conditions (PhCF3 solvent can also be used
with similar results but MeCN is preferred for clarity in
1H NMR).

Figure 2. Mass analysis of reactions under stoichiometric conditions.

Adv. Synth. Catal. 2015, 357, 2913 – 2923 Õ 2015 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim asc.wiley-vch.de 2917

FULL PAPERS Palladium-Catalysed C¢H Bond Electrophilic Fluorination

http://asc.wiley-vch.de


¢138 ppm) incorporating a fluorinated pyrazole
ligand after this time (Scheme 4).

We also carefully considered the effect of pyrazole
substituents and focused our calculations on mole-
cules 10, 11, 13 and 14 (Scheme 2). In order to specifi-

cally isolate the influence of a given substituent on
pyrazole moieties, we compared the formation energy
of the Pd(II) complexes I-10, I-11, I-13 and I-14 to
that of complex I-1 (Scheme 5 and Scheme S1 in the
Supporting Information).[18] Complex I is representa-
tive of the intramolecular interactions at play in key
intermediates and transition states (Scheme S3, Sup-
porting Information).

The corresponding reaction energies are gathered
in Table 1 (line 4). A positive energy implies that the
complex I-x is more difficult to form than I-1 because
of a deleterious influence of its substituent. Conse-
quently, a positive energy should correlate with signif-
icant reaction limitations while a negative energy
should indicate a moderate to good yield.

In good agreement with the experimental results
(Figure 1, Table 1, line 3), we found that the 5-Me
and 3-CF3 groups prevent the reaction to occur with
11 and 13 because of their positive relative energy of
formation DE (++0.9 and ++ 8.4).

To evidence the influence of steric parameters we
plotted the non-covalent interactions (NCI) existing in
the two intermediates I-10 (4-Me, 76%) and I-11 (5-
Me, 0%).[25] The 5-Me group clearly induces a larger
intramolecular steric hindrance between the pyrazole
and the phenyl moiety as shown by the larger NCI
area for I-11 (Figure 3, top right). This is also illustrat-
ed by the strong deviation from planarity between the
two cycles in I-11.

Scheme 5. Formation of Pd(II) complexes I-x. The NCHR1

group corresponds to the N-bonded arylpyrazole. Relative
energies for these reaction are gathered in Table 1 for x=
10, 11, 13 and 14.

Table 1. Relative formation energy for the various com-
plexes: I-10, I-11, I-13, and I-14.

1 10 14 11 13

Pyrazole substituent – 4-Me 3-Me 5-Me 3-CF3

Fluorinated product
Yield

1a
90%

10a
76%

14a
22%

11a
0%

13a
0%

DE (kcal mol¢1) 0[a] ¢3.9 ¢2.2 ++ 0.9 ++8.4

[a] Formation energy of I-1=¢30.5 kcal. mol¢1 (see also
Scheme S1, Supporting Information).

Figure 3. Non-covalent interaction (NCI) plots: the extent of the green areas specifies the degree of steric interactions (H
atoms in white, C pale blue, O red, N blue, F green, Pd grey). In (a) intramolecular NCI interactions are shown inside the
red box (top).
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The 3-CF3 (or 3-Me) group creates an inter-ligands
steric hindrance with the other pyrazole entity (Fig-
ure 3b, bottom). The 3-CF3 group also withdraws elec-
trons of the Pd-bonded N-2 atom whose charge
evolves from ¢0.32 e in 1 to ¢0.35 e in 14 and to
¢0.27 e in 13. Both effects contribute to destabilise
the Pd(II) intermediates and are assumed to be major
factors hampering the reaction. Concerning fluorina-
tion regioselectivity, further DFT calculations sup-
ported that fluorination on the opposite site of
a meta-substituted arene is preferred since for com-
pound 24 forming the Pd¢C bond on C-2 costs
5.0 kcal mol¢1 more than the attack on C-6. This is in
agreement with the experimental results for which
a regioselectivity above 80% was found in favour of
24a.

Conclusions

We have reported a general catalytic system for
mono- and di-ortho-fluorination of arylpyrazoles
having substituted pyrazole groups and ortho-, meta-,
or para-substituted arene moieties. Pyrazole groups
can efficiently promote the direct C¢H fluorination of
substrates bearing valuable reactive ester, cyano,
halide and nitro functions. Methoxy, methyl and tri-
fluoromethyl groups are tolerated but steric substitu-
ent effects have a marked influence. Our DFT calcu-
lations suggested a previously unseen outer-sphere ad-
dition of NFSI to the palladacycle(II) resting state
complex as an alternative mechanism to the common-
ly assumed Pd(II)/Pd(IV) process. This unprecedent-
ed proposal deserves more attention from the com-
munity. Further experimental and DFT studies on this
alternative proposal are ongoing in our groups and
will be reported in due time.

Experimental Section

General Conditions

All reagents were purchased from commercial suppliers and
used without purifications. All reactions were performed in
Schlenk tubes under argon. Unless otherwise stated, the
starting pyrazole derivatives were synthesised according to
the literature.[14] 1H (300 MHz), 13C (75 or 125 MHz), 19F
(282 or 470 MHz) spectra were recorded on Bruker
AVANCE III instrument in CDCl3 solutions. Chemical shifts
are reported in ppm relative to CDCl3 (1H: 7.26 and 13C:
77.16) and coupling constants J are given in Hz. GC experi-
ments were performed with a Shimadzu GC 2010 instru-
ment. GC-MS experiments were performed with a Trace
GC Ultra equipped with a mass-selective detector, high res-
olution mass spectra (HR-MS) were obtained on a Thermo
LTQ-Orbitrap XL with ESI source. Flash chromatography
was performed on silica gel (230–400 mesh). Elemental anal-

ysis experiments were performed with a Thermo Electron
Flash EA 1112 Series apparatus.

All reactions were performed under an inert argon atmos-
phere using conventional vacuum-line and Schlenk tech-
niques. Arylpyrazole substrates were synthesised in one-step
from Ullmann coupling or aromatic nucleophilic substitution
with commercial halides and pyrazoles. The fluorinated
products were isolated and purified (++99%) via procedures
detailed in the Supporting Information.

Computational Methods

Quantum mechanics calculations were performed with the
Gaussian 09 software package.[26] Energy and forces were
computed by density functional theory with the range sepa-
rated wB97X-D[27] exchange-correlation functional. This
range separated functional was selected because it properly
describes charge transfers and dispersion effects (such as p-
stacking) are taken into account. A polarisable continuum
model[28] (PCM) of toluene was used as implemented in
Gaussian 09 to describe the trifluoromethylbenzene
medium. Transition states were localised using the string
theory as implemented in Opt’n Path.[29] Geometries were
optimised and characterised with the LANL2DZ basis set
and associated pseudopotentials for all atoms. Electronic en-
ergies were then refined using single point calculations with
the LANL08(f) basis set and associated pseudopotentials for
Pd[30] and the 6–311++ ++G(2d,p) basis set for other atoms. In
the following this basis set will be denoted BS1, and the
single point energies will be denoted by BS1//LANL2DZ.
We show in the Supporting Information that this level gives
relative energies very close to the full optimisation at the
BS1 level, see Table S4 in the Supporting Information. The
LANL08(f) basis set and pseudopotentials were taken from
the EMSL Basis Set Exchange Web site.[31] All structures
were optimised and frequency calculations were performed
to ensure the absence of any imaginary frequencies on local
minima, and the presence of only one imaginary frequency
on transition states. Reactants and products were localised
again starting from the transition states (IRC calculations
followed by optimisations) to ensure that no TS were forgot-
ten. Populations analyses were conducted using the Natural
Bond Orbital analysis (NBO) version 3.[32]

Catalytic Fluorination Reactions

The pyrazole derivative (0.5 mmol), NFSI (1.5 equiv.), and
Pd(OAc)2 (0.05 mmol) were introduced in a Schlenk tube,
equipped with a magnetic stirring bar. Dry trifluoromethyl-
benzene (5 mL) was added, and the Schlenk tube purged
several times with argon. The Schlenk tube was placed in
a pre-heated oil bath at 110 88C and reactants were allowed
to stir for 17 h. After cooling to room temperature, the reac-
tion mixture was filtered through a plug of silica and
washed with ethyl acetate. The solvent was removed under
vacuum and the residue was analysed by NMR and gas
chromatography to determine the conversion of the fluori-
nated product. Then, the residue was diluted with dichloro-
methane, and was washed three times with water++ 3%
TEA. The combined organic layer was washed with water
and dried over MgSO4. The solvent was removed under
vacuum and the crude product was purified by silica gel
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column chromatography using an appropriate ratio of the
eluent.

3-Fluoro-2-(1H-pyrazol-1-yl)-benzonitrile (1a): The reac-
tion of 2-(1H-pyrazol-1-yl)-benzonitrile (52 mL, 0.5 mmol)
and NFSI (236.5 mg, 0.75 mmol) affords 1a ; yield: 47.9 mg
(51%); yellow oil; (ethyl acetate-heptane=3:7); 1H NMR
(300 MHz, CDCl3): d= 7.87 (d, J=1.70 Hz, 1 H), 7.83 (t, J=
2.52 Hz, 1 H), 7.63–7.60 (m, 1 H), 7.51–7.45 (m, 2 H), 6.56
(dd, J= 2.52, 1.88 Hz, 1 H); 19F NMR (282 MHz, CDCl3):
d=¢120.4; 13C NMR (75 MHz, CDCl3): d=157.5 (d, J=
254.0 Hz), 142.3, 131.7 (d, J=4.5 Hz), 131.0 (d, J= 13.5 Hz),
130.3 (d, J=4.0 Hz), 129.5 (d, J=8.4 Hz), 121.8 (d, J=
20.6 Hz), 115.5 (d, J= 4.1 Hz), 111.5 (d, J= 1.9 Hz), 108.4;
elemental analysis: calcd (%) for C10H6FN3 : C 64.17, H 3.23,
N 22.45; found: C 63.33, H 3.16, N 21.68; HR-MS (++p ESI):
m/z= 188.061 [M++H++], calcd for C10H6FN3 : 188.060.

3-Fluoro-2-(1H-pyrazol-1-yl)-phenyl acetate (2a): The re-
action of 2-(1H-pyrazol-1-yl)-phenyl acetate (62 mL,
0.5 mmol) and NFSI (473 mg, 1.5 mmol) affords 2a ; yield:
106.8 mg (97%); yellow oil; (dichloromethane-heptane =
8:2++ 3% TEA); 1H NMR (300 MHz, CDCl3): d= 7.73–7.72
(m, 2 H), 7.64–7.61 (m, 1 H), 7.47–7.33 (m, 2 H), 6.48 (dd, J=
2.14 Hz, 1 H), 3.68 (s, 3 H); 19F NMR (282 MHz, CDCl3): d =
¢123.0; 13C NMR (75 MHz, CDCl3): d=166.0 (d, J=
3.2 Hz), 158.1 (d, J=252.0 Hz), 141.1, 131.9 (d, J=3.4 Hz),
131.1, 129.4 (d, J= 8.2 Hz), 128.1 (d, J=13.2 Hz), 126.0 (d,
J=3.8 Hz), 119.7 (d, J= 20.6 Hz), 107.1, 52.6; elemental
analysis: calcd (%) for C11H9FN2O2 : C 60.00, H 4.12, N
12.72; found: C 59.61, H 4.23, N 12.89. HR-MS (++ p ESI):
m/z= 243.053 [M++Na++], calcd. for C11H9FN2O2 : 243.050.

3-Fluoro-2-(1H-pyrazol-1-yl)-trifluoromethylbenzene (3a):
The reaction of 2-(1H-pyrazol-1-yl)-trifluoromethylbenzene
(73 mL, 0.5 mmol) and NFSI (631 mg, 2 mmol) affords 3a ;
yield: 81.4 mg (71%); yellow oil; (dichloromethane-hep-
tane=8:2++3% TEA, and then diethyl ether-heptane =1:1++
3% TEA); 1H NMR (300 MHz, CDCl3): d =7.80 (dd, J=
1.83, 0.38 Hz, 1 H), 7.63–7.54 (m, 3 H), 7.49–7.42 (m, 1 H),
6.50 (dd, J=2.46, 1.89 Hz, 1 H); 19F NMR (282 MHz,
CDCl3): d =¢59.8, ¢119.4; 13C NMR (75 MHz, CDCl3): d =
160.6 (d, J=254.6 Hz), 141.6, 132.7, 130.9 (dd, J= 30.5,
8.5 Hz), 130.5 (q, J= 31.9 Hz), 127.9 (qd, J= 272.4, 3.6 Hz),
127.5 (d, J=14.0 Hz), 122.5 (m, J=4.6 Hz), 120.6 (d, J=
20.3 Hz), 107.0:; elemental analysis: calcd. (%) for
C10H6F4N2 : C 52.18, H 2.63, N 12.17; found: C 52.56, H 2.80,
N 12.26; HR-MS (++p ESI): m/z=231.054 [M++H++], calcd.
for C10H6F4N2 : 231.050.

3-Fluoro-2-(1H-pyrazol-1-yl)-chlorobenzene (4a): The re-
action of 2-(1H-pyrazol-1-yl)-chlorobenzene (62 mL,
0.5 mmol) and NFSI (473 mg, 1.5 mmol) affords 4a ; yield:
82.6 mg (84%); purple oil ; (dichloromethane-heptane=
8:2++ 3% TEA); 1H NMR (300 MHz, CDCl3): d=7.80 (d,
J=1.72 Hz, 1 H), 7.60 (d, J= 2.46 Hz, 1 H), 7.40–7.30 (m,
2 H), 7.18–7.12 (m, 1 H), 6.49 (dd, J= 2.34, 2 Hz, 1 H);
19F NMR (282 MHz, CDCl3): d=¢118.6; 13C NMR
(75 MHz, CDCl3): d=160.5 (d, J=255.4 Hz), 141.5, 133.5,
132.2, 130.6 (d, J= 9.2 Hz), 127.8 (d, J=14.7 Hz), 125.9 (d,
J=3.8 Hz), 115.4 (d, J=20.5 Hz), 106.9; elemental analysis:
calcd. (%) for C9H6ClFN2 : C 54.98, H 3.08, N 14.25; found:
C 54.78, H 3.38, N 14.32; HR-MS (++p ESI): m/z= 197.027
[M++H++], calcd. for C9H6ClFN2 : 197.020.

3-Fluoro-2-(1H-pyrazol-1-yl)-nitrobenzene (5a): The reac-
tion of 2-(1H-pyrazol-1-yl)-nitrobenzene (189 mg, 1 mmol)

and NFSI (946 mg, 3 mmol) affords 5a after 40 h; yield:
132.9 mg (64%); yellow solid; (dichloromethane-heptane=
8:2++ 3% TEA, and then ethyl acetate-heptane=3:7);
1H NMR (300 MHz, CDCl3): d= 7.78 (dd, J=2.60, 0.33 Hz,
1 H), 7.76 (d, J=1.78 Hz, 1 H), 7.73–7.69 (m, 1 H), 7.56–7.46
(m, 2 H), 6.53 (dd, J=2.48, 1.90 Hz, 1 H); 19F NMR
(470 MHz, CDCl3): d=¢120.2; 13C NMR (75 MHz, CDCl3):
d= 158.0 (d, J=255.5 Hz), 146.6 (b), 142.5, 132.0 (d, J=
3.7 Hz), 129.4 (d, J=8.6 Hz), 123.3 (d, J= 15.3 Hz), 120.8 (d,
J=17.9 Hz), 120.7 (d, J=6.7 Hz), 108.1; elemental analysis:
calcd. (%) for C9H6FN3O2 : C 52.18, H 2.92, N 20.28; found:
C 51.56, H 3.29, N 18.23; HR-MS (++p ESI): m/z= 208.051
[M++H++], calcd. for C9H6FN3O2 : 208.050.

3-Fluoro-2-(1H-pyrazol-1-yl)-methoxybenzene (6a): The
reaction of 2-(1H-pyrazol-1-yl)-methoxybenzene (68 mL,
0.5 mmol) and NFSI (473 mg, 1.5 mmol), affords 6a ; yield:
72.2 mg (75%); yellow oil; (dichloromethane-heptane =
8:2++ 3% TEA, and then ethyl acetate-heptane =45:65);
1H NMR (300 MHz, CDCl3): d =7.77 (d, J=1.60 Hz, 1 H),
7.58 (d, J= 2.41 Hz, 1 H), 7.33–7.7.28 (m, 1 H), 6.86–6.79 (m,
2 H), 6.45 (dd, J=2.07 Hz, 1 H), 3.78 (s, 3 H); 19F NMR
(470 MHz, CDCl3): d=¢121.6; 13C NMR (75 MHz, CDCl3):
d= 160.2 (d, J= 251.7 Hz), 156.2 (d, J=3.3 Hz), 140.8, 132.5,
130.1 (d, J=10.3 Hz), 118.8 (d, J=14.2 Hz), 108.7 (d, J=
20.5 Hz), 107.6 (d, J=3.2 Hz), 106.1, 56.5; elemental analy-
sis: calcd. (%) for C10H9FN2O: C 62.49, H 4.72, N 14.58;
found: C 62.15, H 4.51, N 14.89; HR-MS (++p ESI): m/z=
193.076 [M++ H++], calcd for C10H9FN2O: 193.070.

3-Fluoro-2-(1H-pyrazol-1-yl)-toluene (7a): The reaction of
2-(1H-pyrazol-1-yl)-toluene (65 mL, 0.5 mmol) and NFSI
(552 mg, 1.75 mmol), affords 7a ; 43.2 mg (49%); yellow oil;
(dichloromethane-heptane=8:2++3% TEA): 1H NMR
(300 MHz, CDCl3): d =7.78 (d, J=1.47 Hz), 7.57–7.55 (m,
1 H), 7.33–7.26 (m, 1 H), 7.11–7.02 (m, 2 H), 6.48 (dd, J=
2.33, 1.95 Hz, 1 H), 2.16 (s, 3 H); 19F NMR (282 MHz,
CDCl3): d=¢123.7; 13C NMR (75 MHz, CDCl3): d= 159.6
(d, J= 250.8 Hz), 140.9, 138.5, 131.9, 129.9 (d, J=8.5 Hz),
128.3 (d, J=12.1 Hz), 126.3 (d, J=3.6 Hz), 113.9 (d, J=
20.3 Hz), 106.4, 17.6 (d, J=2.4 Hz); elemental analysis:
calcd. (%) for C10H9FN2 : C 68.17, H 5.15, N 15.90; found: C
67.11, H 6.02, N 15.97; HR-MS (++p ESI): m/z= 177.082
[M++H++], calcd. for C10H9FN2 : 177.080.

Ethyl 1-(2-chloro-6-fluorophenyl)-1H-pyrazole-4-carboxyl-
ate (8a): The reaction of ethyl 1-(2-chlorophenyl)-1H-pyra-
zole-4-carboxylate (86 mL, 0.5 mmol) and NFSI (473 mg,
1.5 mmol), affords 8a ; yield: 81.4 mg (61%); yellow oil;
(ethyl acetate-heptane=3:7); 1H NMR (300 MHz, CDCl3):
d= 8.16 (s, 1 H), 8.10 (s, 1 H), 7.47–7.32 (m, 2 H), 7.20–7.14
(m, 1 H), 4.32 (q, J=14.28, 7.14 Hz, 2 H), 1.35 (t, J= 7.13 Hz,
3 H); 19F NMR (282 MHz, CDCl3): d=¢118.2; 13C NMR
(75 MHz, CDCl3): d=162.6, 160.2 (d, J= 256.4 Hz), 142.5,
135.8, 133.2, 131.3 (d, J= 9.0 Hz), 128.8, 126.9 (d, J=
14.7 Hz), 126.0 (d, J= 3.8 Hz), 115.5 (d, J=20.2 Hz), 60.6,
14.4; elemental analysis: calcd. (%) for C12H10ClFN2O2 : C
53.64, H 3.75, N 10.43; found: C 53.69, H 4.65, N 10.73; HR-
MS (++p ESI): m/z= 269.048 [M++H++], calcd. for
C12H10ClFN2O2 : 269.040.

3-Fluoro-2-(4-bromo-1H-pyrazol-1-yl)-chlorobenzene
(9a): The reaction of 2-(4-bromo-1H-pyrazol-1-yl)-chloro-
benzene (146 mL, 0.5 mmol) and NFSI (631 mg, 2 mmol), af-
fords 9a ; yield: 39.5 mg (27%); yellow oil; (ethyl acetate-
heptane=3:7). During the purification process some decom-
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position occurs and even a recrystallisation was not efficient.
1H NMR (300 MHz, CDCl3): d= 7.76 (s, 1 H), 7.63 (s, 1 H),
7.41–7.32 (m, 2 H), 7.21–7.15 (m, 1 H); 19F NMR (282 MHz,
CDCl3): d=¢118.4; 13C NMR (75 MHz, CDCl3): d= 160.3
(d, J= 256.1 Hz), 142.2, 133.4, 132.2, 131.1 (d, J=9.0 Hz),
127.6 (d, J=6.8 Hz), 126.0 (d, J=3.7 Hz), 115.5 (d, J=
20.3 Hz), 95.0; HR-MS (++ p ESI): m/z=276.934 [M++ H++],
calcd. for C9H5BrClFN2 : 276.930.

3-Fluoro-2-(4-methyl-1H-pyrazol-1-yl)-benzonitrile (10a):
The reaction of 2-(4-methyl-1H-pyrazol-1-yl)-benzonitrile
(91.6 mg, 0.5 mmol) and NFSI (236.5 mg, 0.75 mmol), af-
fords 10a ; yield: 26.3 mg (26%); yellow oil; (ethyl acetate-
heptane=3:7); 1H NMR (300 MHz, CDCl3): d= 7.67 (s,
1 H), 7.61–7.57 (m, 2 H), 7.50-.38 (m, 2 H), 2.18 (s, 3 H);
19F NMR (470 MHz, CDCl3): d=¢120.6; 13C NMR
(75 MHz, CDCl3): d =157.3 (d, J=253.6 Hz), 143.3, 131.2 (d,
J=15.3 Hz), 130.3 (d, J=4.0 Hz), 130.0 (d, J= 4.8 Hz), 129.0
(d, J= 8.5 Hz), 121.7 (d, J=20.8 Hz), 119.0, 115.8 (d, J=
4.0 Hz), 111.1 (d, J= 2.0 Hz), 9.0; elemental analysis: calcd.
(%) for C11H8FN3 : C 65.66, H 4.01, N 20.88, found: C 65.13,
H 4.36, N 19.16; HR-MS (++p ESI): m/z=202.077 [M++H++],
calcd. for C11H8FN3 : 202.070.

1-[2,6-(Difluoro)phenyl]-1H-pyrazole (15b): The reaction
of 1-phenyl-1H-pyrazole (66 mL, 0.5 mmol) and NFSI
(788.4 mg, 2.5 mmol), affords 15b ; yield: 79 mg (88%):
yellow oil; (ethyl acetate-heptane= 3:7); 1H NMR
(300 MHz, CDCl3): d =7.80 (d, J= 1.73 Hz, 1 H), 7.67–7.65
(m, 1 H), 7.38–7.29 (m, 1 H), 7.09–7.01 (m, 2 H), 6.48 (dd, J=
2.32, 2.03 Hz, 1 H); 19F NMR (282 MHz, CDCl3): d =¢120.2;
13C NMR (75 MHz, CDCl3): d= 159.2 (d, J=254.3 Hz),
159.1 (d, J=254.3 Hz), 141.6, 132.3, 129.7 (t, J=9.8 Hz),
118.9 (t, J= 14.9 Hz), 112.5 (AA’X, N= 12.0 Hz), 107.0: ele-
mental analysis: calcd. (%) for C9H6F2N2 : C 60.00, H 3.36,
N 15.50; found: C 59.62, H 3.33, N 16.10; HR-MS (++p ESI):
m/z= 181.056 [M++H++], calcd. for C9H6F2N2 : 181.050.

3,5-Difluoro-4-(1H-pyrazol-1-yl)-trifluoromethylbenzene
(16b): The reaction of 4-(1H-pyrazol-1-yl)-trifluoromethyl-
benzene (212 mg, 1 mmol) and NFSI (1.26 g, 4 mmol), af-
fords 16b ; yield: 44.1 mg (18%); white solid; (dichlorome-
thane-heptane=8:2++3% TEA, and then ethyl acetate-hep-
tane=3:7++3% TEA); 1H NMR (300 MHz, CDCl3): d= 7.85
(d, J=1.71 Hz, 1 H), 7.73–7.72 (m, 1 H), 7.41–7.35 (m, 2 H),
6.54 (dd, J=2.44, 1.98 Hz, 1 H); 19F NMR (470 MHz,
CDCl3): d =¢63.2, ¢116.1; 13C NMR (125 MHz, CDCl3):
d= 158.0 (d, J=257.3 Hz), 158.0 (d, J=257.3 Hz), 142.4 (s),
132.2 (s), 131.8 (dt, J= 35.1, 9.3 Hz), 123.6 (dt, J= 272.5 Hz,
3 Hz), 121.9 (t, J= 14.1 Hz), 110.6 (m), 107.8; elemental
analysis: calcd. (%) for C10H5F5N2 : C 48.40, H 2.03, N 11.29;
found: C 49.20, H 2.57, N 10.94; HR-MS (++p ESI): m/z=
249.044 [M++ H++], calcd. for C10H5F5N2 : 249.040.

3-Fluoro-4-(1H-pyrazol-1-yl)-nitrobenzene (17a): The re-
action of 4-(1H-pyrazol-1-yl)-nitrobenzene (94 mg,
0.5 mmol) and NFSI (473 mg, 1.5 mmol), affords 17a after
17 h; yield: 26.8 mg (24%); white solid; (ethyl acetate-hep-
tane=3:7); 1H NMR (300 MHz, CDCl3): d =8.30–8.27 (m,
1 H), 8.20–8.13 (m, 3 H), 7.82 (d, J=1.63 Hz, 1 H), 6.57 (dd,
J=2.65, 1.79 Hz, 1 H); 19F NMR (282 MHz, CDCl3): d =
¢120.6; 13C NMR (75 MHz, CDCl3): d=153.5 (d, J=
252.4 Hz), 145.5 (b), 142.5, 133.5 (d, J=8.8 Hz), 131.4 (d, J=
14.3 Hz), 123.8 (d, J=1.2 Hz), 120.7 (d, J= 3.4 Hz), 113.6 (d,
J=26.2 Hz), 109.4; elemental analysis: calcd. (%) for
C9H6FN3O2 : C 52.18, H 2.92, N 20.28; found: C 52.19, H

2.98, N 20.05; HR-MS (++p ESI): m/z=208.051 [M++ H++],
calcd. for C9H6FN3O2 : 208.050.

3,5-Difluoro-4-(1H-pyrazol-1-yl)-nitrobenzene (17b): The
reaction of 4-(1H-pyrazol-1-yl)-nitrobenzene (94 mg,
0.5 mmol) and NFSI (788 mg, 2.5 mmol), affords 17b after
40 h; yield: 49.5 mg (44%); white solid; (ethyl acetate-hep-
tane =3:7); 1H NMR (300 MHz, CDCl3): d =8.04–7.97 (m,
2 H), 7.88 (d, J=1.73 Hz, 1 H), 7.79–7.77 (m, 1 H), 6.58 (dd,
J=2.57, 1.88 Hz, 1 H); 19F NMR (282 MHz, CDCl3): d =
¢114.1; 13C NMR (75 MHz, CDCl3): d =157.9 (dd, J= 259.1,
3.94 Hz), 146.6 (m), 142.8, 132.2 (t, J=2.7 Hz), 124.3 (t, J=
14.0 Hz), 109.1 (m), 108.2; elemental analysis: calcd. (%) for
C9H6F2N3O2 : C 48.01, H 2.24, N 18.66; found: C 47.98, H
2.66, N 18.03; HR-MS (++p ESI): m/z=226.041 [M++ H++],
calcd. for C9H6F2N3O2 : 226.030.

1,3-Difluoro-2-(3-methyl-1H-pyrazol-1-yl)-benzene (19b):
The reaction of 3-methyl-1-phenyl-1H-pyrazole (79 mg,
0.5 mmol) and NFSI (788 mg, 2.5 mmol), affords 19b ; yield:
34.7 mg (36%); yellow oil; (ethyl acetate-heptane=3:7);
1H NMR (300 MHz, CDCl3): d =7.47 (m, 1 H), 7.27–7.19 (m,
1 H), 7.00–6.92 (m, 2 H), 6.20 (d, J=2.36 Hz, 1 H), 2.31 (s,
3 H); 19F NMR (282 MHz, CDCl3): d=¢120.0; 13C NMR
(75 MHz, CDCl3): d =159.3 (d, J= 254.0 Hz), 159.2 (d, J=
254.0 Hz), 151.1, 133.0, 129.4 (t, J= 9.8 Hz), 119.0 (t, J=
14.6 Hz), 112.5 (AA’X, N=12.0 Hz), 107.1, 13.8; elemental
analysis: calcd. (%) for C10H8F2N2 : C 61.85, H 4.15, N 14.43;
found: C 62.10, H 4.85, N 14.75; HR-MS (++p ESI): m/z=
195.072 [M++ H++], calcd. for C10H8F2N2 : 195.070.

1,3-Difluoro-2-(4-chloro-1H-pyrazol-1-yl)-benzene (20b):
The reaction of 4-chloro-1-phenyl-1H-pyrazole (89 mg,
0.5 mmol) and NFSI (788 mg, 2.5 mmol), affords 20b ; yield:
36.8 mg (34%); white solid; (ethyl acetate-heptane=3:7);
1H NMR (300 MHz, CDCl3): d= 7.73 (s, 1 H), 7.66 (m, 1 H),
7.44–7.35 (m, 1 H), 7.12–7.04 (m, 2 H); 19F NMR (282 MHz,
CDCl3): d=¢120.1; 13C NMR (125 MHz, CDCl3): d= 158.5
(d, J=255.2 Hz), 158.5 (d, J=255.2 Hz), 140.4, 130.2 (t, J=
9.8 Hz), 130.1 (s), 118.3 (t, J=14.0 Hz), 112.7 (AA’X, N=
11.9 Hz), 112.1; elemental analysis: calcd. (%) for
C9H5ClF2N2 : C 50.37, H 2.35, Cl 16.52, F 17.71, N 13.05;
found: C 48.65, H 2.41, N 12.62; HR-MS (++p ESI): m/z=
215.017 [M++ H++], calcd. for C9H5ClF2N2 : 215.600.

1,3-Difluoro-2-(4-bromo-1H-pyrazol-1-yl)-benzene (21b):
The reaction of 4-bromo-1-phenyl-1H-pyrazole (111 mg,
0.5 mmol) and NFSI (788 mg, 2.5 mmol), affords 21b ; yield:
49.9 mg (38%); yellow oil; (ethyl acetate-heptane=3:7);
1H NMR (300 MHz, CDCl3): d= 7.76 (s, 1 H), 7.69 (m, 1 H),
7.44–7.34 (m, 1 H), 7.12–7.04 (m, 2 H); 19F NMR (282 MHz,
CDCl3): d=¢120.0; 13C NMR (75 MHz, CDCl3): d= 159.1
(d, J= 255.2 Hz), 159.1 (d, J=255.2 Hz), 142.4, 132.3, 130.4
(t, J=9.7 Hz), 118. 5 (t, J= 16.5 Hz), 112.7 (AA’X, N=
11,9 Hz), 95.3; elemental analysis: calcd. (%) for
C9H6BrF2N2 : C 41.73, H 1.95, N 10.81; found: C 41.78, H
2.21, N 11.06; HR-MS (++p ESI): m/z=258.967 [M++ H++],
calcd. for C9H6BrF2N2 : 258.960.

1,3-Difluoro-2-(4-nitro-1H-pyrazol-1-yl)-benzene (22b):
The reaction of 4-nitro-1-phenyl-1H-pyrazole (64.1 mg,
0.34 mmol) and NFSI (428.9 mg, 1.36 mmol), affords 22b
after 40 h; yield: 44.2 mg (57%); yellow oil; (ethyl acetate-
heptane=3:7); 1H NMR (300 MHz, CDCl3): d= 8.41 (b,
1 H), 8.34 (s, 1 H), 7.55–7.45 (m, 1 H), 7.19–7.15 (m, 2 H);
19F NMR (282 MHz, CDCl3): d=¢119.6; 13C NMR
(75 MHz, CDCl3): d =159.0 (d, J= 255.2 Hz), 158.9 (d, J=
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255.2 Hz), 142.4, 132.2, 130.2 (t, J= 9.7 Hz), 118.2 (t, J=
16.6 Hz), 112.6 (AA’X, N= 11,7 Hz), 95.3 (s); elemental
analysis: calcd. (%) for C9H5F2N3O2 : C 48.01, H 2.24, F
16.88, N 18.66, O 14.21; found: C 48.27, H 2.82, N 17.78;
HR-MS (++p ESI): m/z=226.042 [M++H++], calcd. for
C9H5F2N3O2 : 226.150.

1,3-Difluoro-2-(4-methyl-1H-pyrazol-1-yl)-benzene (23b):
The reaction of 4-methyl-1-phenyl-1H-pyrazole (158 mg,
1 mmol) and NFSI (946 mg, 3 mmol), affords 23b ; yield:
43.2 mg (23%); yellow oil; (ethyl acetate-heptane=3:7);
1H NMR (300 MHz, CDCl3): d=7.51 (b, 1 H), 7.32 (b, 1 H),
7.24–7.16 (m, 1 H), 6.98–6.89 (m, 2 H), 2.06 (s, 3 H);
19F NMR (470 MHz, CDCl3): d=¢120.3; 13C NMR
(75 MHz, CDCl3): d =159.2 (d, J= 254.1 Hz), 159.1 (d, J=
254.1 Hz), 142.5, 130.7, 129.3 (t, J= 9.8 Hz), 119.2 (t, J=
14.6 Hz), 117.5, 112.5 (AA’X, N=12.0 Hz), 8.9; elemental
analysis: calcd. (%) for C10H8F2N2 : C 61.85, H 4.15, N 14.43;
found: C 61.30, H 4.92, N 14.56; HR-MS (++p ESI): m/z=
195.072 [M++ H++], calcd. for C10H8F2N2 : 195.070.

4-Fluoro-3-(1H-pyrazol-1-yl)-nitrobenzene (24a): The re-
action of 3-(1H-pyrazol-1-yl)-nitrobenzene (94.5 mg,
0.5 mmol) and NFSI (788 mg, 2.5 mmol), affords 24a ; yield:
40.9 mg (39%); yellow solid; (ethyl acetate-heptane= 3:7).
1H NMR (300 MHz, CDCl3): d= 8.93 (dd, J=6.44, 2.44 Hz,
1 H), 8.16 (ddd, J=9.08, 3.96, 2.87 Hz, 1 H), 8.11–8.09 (m,
1 H), 7.80 (d, J= 1.67 Hz, 1 H), 7.40 (dd, J= 10.78, 9.09 Hz,
1 H), 6.55 (dd, J=2.58, 1.84 Hz, 1 H); 19F NMR (282 MHz,
CDCl3): d=¢114.8; 13C NMR (75 MHz, CDCl3): d= 158.0
(d, J=258.8 Hz), 145.0 (b), 142.1, 131.0 (d, J=12.2 Hz),
129.3 (d, J=10.3 Hz), 122.6 (d, J=9.5 Hz), 120.2 (d, J=
2.9 Hz), 118.2 (d, J=23.5 Hz), 108.9 (d, J=2.1 Hz); elemen-
tal analysis: calcd. (%) for C9H6FN3O2 : C 52.18, H 2.92, N
20.28; found: C 51.60, H 3.18, N 19.08; HR-MS (++p ESI):
m/z= 208.051 [M++H++], calcd. for C9H6FN3O2 : 208.040.

4-Fluoro-3-(1H-pyrazol-1-yl)-phenyl acetate (25a): The re-
action of 3-(1H-pyrazol-1-yl)-phenyl acetate (148.4 mg,
0.73 mmol) and NFSI (1.15 g, 3.65 mmol), affords 25a ; yield:
53.9 mg (49%); yellow oil; (ethyl acetate-heptane=3:7);
1H NMR (300 MHz, CDCl3): d= 8.61 (dd, J=7.68, 2.19 Hz,
1 H), 8.02 (ddd, J= 2.95, 0.39 Hz, 1 H), 7.99–7.94 (m, 1 H),
7.77 (d, J= 1.70 Hz, 1 H), 7.28 (dd, J= 11.22, 8.65 Hz, 1 H),
6.50 (dd, J=2.51, 1.85 Hz, 1 H), 3.92 (s, 3 H); 19F NMR
(282 MHz, CDCl3): d=¢118.3; 13C NMR (75 MHz, CDCl3):
d= 165.6, 157.9 (d, J=256.1 Hz), 141.4, 130.9 (d, J=
10.6 Hz), 129.3 (d, J=9.0 Hz), 128.6 (d, J= 10.0 Hz), 127.6
(d, J=3.3 Hz), 126.1 (d, J=2.1 Hz), 117.3 (d, J=21.8 Hz),
108.1 (d, J=1.6 Hz), 52.5; elemental analysis: calcd. (%) for
C11H9FN2O2 : C 60.00, H 4.12, N 12.72; found: C 58.83, H
4.60, N 11.93; HR-MS (++p ESI): m/z=221.071 [M++ H++],
calcd. for C11H9FN2O2 : 221.060.

2,4-Fluoro-3-(1H-pyrazol-1-yl)-phenyl acetate (25b): The
reaction of 3-(1H-pyrazol-1-yl)-phenyl acetate (148.4 mg,
0.73 mmol) and NFSI (1.15 g, 3.65 mmol), affords 25b ;
yield: 30.5 mg (26%); orange oil; (ethyl acetate-heptane=
3:7); 1H NMR (300 MHz, CDCl3): d= 8.07–8.00 (m, 1 H),
7.82 (d, J=1.61 Hz, 1 H), 7.67 (m, 1 H), 7.13 (td, J= 8.85,
1.81 Hz, 1 H), 6.52 (dd, J=2.47, 1.91 Hz, 1 H), 3.94 (s, 3 H);
19F NMR (282 MHz, CDCl3): d=¢114.7, ¢111.2; 13C NMR
(75 MHz, CDCl3): d= 163.6 (d, J= 4.3 Hz), 162.0 (dd, J=
262.1, 2.9 Hz), 159.3 (dd, J=268.5, 3.7 Hz), 142.0 (s), 132.6
(dd, J=10.4, 2.3 Hz), 132.4, 119.7 (b), 116.3 (dd, J= 9.6,
3.8 Hz), 112.5 (dd, J=20.6, 4.3 Hz), 107.4, 52.8, elemental

analysis: calcd (%) for C11H9F2N2O2 : C 55.47, H 3.39, N
11.76; found: C 56.09, H 4.13, N 11.09; HR-MS (++p ESI):
m/z= 239.062 [M++H++], calcd. for C11H9F2N2O2 : 239.060.
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