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Abstract — Fluorinated heterocycles are a major component of the field of modern
medicinal chemistry due to the widespread presence of heterocyclic ring structures
in naturally occurring biological molecules. The effect of the presence of
fluorinated heterocyclic moieties on chemical properties such as intermolecular
interactions and solubility can be used to impart synthetic molecules with useful,
drug-like characteristics. Pyridazines, which are aromatic six-membered rings
with a chemical formula (CH)sN2 and adjacent nitrogens, afford important
biological activities to drug molecules by increasing their solubility and ability to
complex with target molecules. Our method of synthesizing fluorinated pyridazines
incorporates an SNAr reaction on 5,6-fused ring pyridazines with a variety of aryl
substituents at the 1- and 4-positions with pentafluoropyridine. The target products
were identified by spectroscopic characterization and confirmed via X-ray
crystallography. Computational studies were also performed on the phenyl-
substituted case, including the calculation of an optimized structure using PBE with
a cc-pVTZ basis. This analysis found the addition of perfluorinated pyridine
significantly altered the esp mapping, HOMO-LUMO, and NBOs of the modified
pyridazine compared to other 5,6-fused ring heterocycles.
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INTRODUCTION

Fluorine’s role in the design and development of pharmaceuticals continues to expand as research reveals
its distinctive properties. For example, it is estimated that approximately one third of top-performing
drugs on the market contain fluorine.! Incorporation of fluorine or fluorine containing substituents to
organic compounds dramatically effects chemical activity due to the size, electronegativity, and
electrostatic interactions of this unique element. Due to the strength of a carbon-fluorine bond (bond
dissociation energy of 518 ki/mol),? fluorine is also often introduced to improve drug stability within the
body by blocking undesired chemical transformations. Physicochemical properties can also be regulated
with the addition of fluorine, including basicity, which can strongly influence bioavailability and binding
affinity, and lipophilicity, which allows the drug to travel more efficiently through the body.®> Among some
of the more notable fluorine containing drugs include atorvastatin (Lipitor), used to treat high cholesterol,
and fluticasone propionate (Flonase), a steroidal anti-inflammatory drug.

While a variety of organic substrates can be fluorinated, heterocyclic compounds are notably susceptible to
fluorine substitution®’  Thus, they are common targets for enhancing biological activity via the
incorporation of a fluorinated moiety, particularly with a fluorinated aromatic ring. The nucleophilic
aromatic substitution (SnAr) reaction of perfluorinated aromatics is often employed to synthesize
fluorinated heterocyclic compounds because these reactions afford predictable products under mild
conditions.®® For example, Bhambra and coworkers isolated a series of fluoroaryl benzimidazoles via this
SNAr strategy, affording novel perfluorinated heterocycles in high yield with promising cancer inhibition
properties.®

While pyridazines, which are six-membered aromatic rings with two adjacent nitrogens (Figure 1), have
long been of interest in materials applications,%13 they also possess promising medicinal applications.49
In general, pyridazines possess a large dipole moment with hydrogen bond acceptor sites, which leads to
high solubility in water. This allows for excretion of pyridazine-derived drugs from the body after use.
Specific examples of pyridazines with favorable biological activity include imidazo[1,2-b]pyridazines,

which serve as both antimicrobial and anticancer agents.?
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Figure 1. Pyridazine (left) and 2H-cyclopenta[d]pyridazine (right)
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Given the wide variety of effective fluorine-containing pharmaceuticals available and the large number of
biologically active pyridazines reported, our work focused upon the development of a series of target
heterocycles which blend the unique properties of pyridazines and fluorinated aromatics. Herein, we
describe and synthesis, characterization, and computational studies of some novel 5,6-fused ring

pyridazines substituted with a perfluorinated pyridine ring.

RESULTS AND DISCUSSION

Synthesis and Characterization

Four newly reported perfluorinated cyclopenta[d][1,2]pyridazines were formed utilizing 1,2-
diacylcyclopentadienes (fulvenes) reported by Linn and Sharkey.?X In a 3 to 2 ratio, lithium
cyclopentadienide was reacted with the corresponding acid chloride to afford the fulvene precursor.
Formation of the previously reported 1,4-disubstituted pyridazines was accomplished utilizing the
methodology by Snyder and co-workers, which was a modified procedure of Linn and Sharkey.!221:22
Ring closure was accomplished by reacting the fulvenes in excess hydrazine hydrate at room temperature
for 24 hours (Scheme 1, Compounds 1-4).
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Scheme 1. Formation of perfluroinated 1,4-disubstituted cyclopentapyridazines

The 5,6-fused ring pyridazines were then substituted with a perfluorinated pyridazine employing the
modified procedure reported by Bhambra and coworkers. Reaction of the pyridazines with sodium
hydride followed by pentafluoropyridazine at room temperature in DMSO afforded the desired SnAr
products in good to high yield (60-90%, compounds 5-8). Isolated yields were improved with the chloro-
and bromophenyl cases by mildly heating the product mixture after quenching, which allowed for more
effective filtration of the product (compounds 7 and 8 were especially fine and difficult to isolate via
filtration). The target fluorinated pyridazines all displayed high stability in air and organic solvents.

'H NMR spectroscopy confirms the structures for the fluorinated pyridazines 5-8, showing both
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asymmetric Cp and aryl substituents. The range of chemical shifts (6.8-8.0 ppm) is typical for fused-ring
Cp protons.2% For certain cases, like compound 5, one of the unique Cp signals could not be resolved
from those attributed to the aryl substituents. However, other spectra, including compound 6, clearly
shows the 3 separate Cp signals in this range. To demonstrate complete conversion on the pyridazine
starting materials 1-4, we did not observe any trace of the characteristic N-H resonances in the 11-13 ppm
range. Also observed in the *C NMR spectroscopy were the complex Cp and aryl ring signals (from 112
to 151 ppm) due to the addition of the fluorinated ring as well as the asymmetric nature of the target products.
Characterization via IR spectroscopy of compounds 5-8 also showed the disappearance of the stretch at
3200 cm?, characteristic of an N-H stretch. The IR spectra for each fluorinated pyridazine also displayed a
set of newly formed C=N stretches at approximately a 1580 cm™.  High resolution mass spectrometry also
confirms the molecular structures of compounds 5-8, with the expected M* + 1 ion peak observed for each
case. Mass accuracies for each compound were 1.3 ppm or less compared to calculated values. Elemental
analysis was performed for the new fluorinated pyridazines 5-8, which confirmed the desired molecular
formula and analytical purity for each case. Experimental details and characterization for compounds 5-
8 are given in the Experimental section.

X-Ray Crystallographic Analysis

The structure of the phenylpyridazine 5 was further confirmed by single-crystal X-ray diffraction methods
(Figure 2). Suitable crystals for analysis were grown by slow evaporation from a methylene chloride
solution at ambient temperature and isolated as orange-red plates. Compound 5 crystallized with a
monoclinic lattice (space group P2/c), with two independent molecules in the asymmetric unit, and thus

there are 8 molecules total in the unit cell.

Figure 2. ORTEP stereographic projections of molecules A (left) and B (right) of the structure of phenyl-
pyridazine 5 at 150 K. Thermal ellipsoids are plotted at the 50% probability level.
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X-Ray crystallographic analysis reveals that the central cyclopentadienyl pyridazine ring for both molecules
A and B are highly planar, with the root mean square deviation of the fitted atoms at 0.0229 and 0.0185
respectively. By contrast, both the aryl rings and the fluorinated pyridazyl ring for each unique molecule
are highly tilted out of the plane created by the central 5,6-fused ring. The planes incorporating the aryl
carbons C13-C18, C19-C24, and C1-N1 in molecule A have a torsional angle of 50.19°, 40.62°, and 54.85°
to the central ring respectively. The analogous torsional angles for molecule B are 42.78° (C37-C42),
49.10° (C43-C48), and 54.91° (C25-N4).  This highly twisted conformation of the side aryl rings is typical
of 5,6-fused pyridazines.!>?> Tables of crystallographic details, atomic coordinates and displacement
parameters, bond distances and angles, intermolecular contact distances, structure factors and a
crystallographic information file (CIF) for the structure of 5 have been deposited with the Cambridge
Crystallographic Data Centre.?

Computational Studies

Conformational analysis

All computations were performed involving the phenylpyridazine 5 using the Gaussian 16 program,?’ and
Gauss-View 6 molecular visualization package?® was used for processing the output. While the original
crystallographic unit cell of compound 5 had 2 molecules, optimizations presented here are on the
individual molecules. No noticeable differences were observed between the two systems, so other than for
conformational analysis, only molecule B was chosen for the computational studies to prevent redundancy.
With respect to the preferred geometry, analyzing this optimized structure for compound 5 will aid in
understanding the feasibility of docking at particular sites of interest within biological systems. The
optimized conformations of molecules A and B are shown in Figure 3.  Geometry optimization was carried
out with DFT methods in a series of steps. The beginning optimization utilized B3LYP with a 6-31G basis
set, with the optimization presented here calculated using the Perdew-Burke-Ernzerhof (PBE) generalized
gradient exchange-correlation functional?® and a triple-zeta correlation consistent (cc-pVTZ) basis.*

The PBE functional and cc-pVTZ basis were chosen so direct comparisons could be made to previous
work.13% After optimization, a single point energy was found with the PBE functional with the cc-pVTZ
basis to ensure the lowest energy state. No imaginary frequencies were observed in the optimized results
presented. The optimized geometries were further checked by comparing the bond angles and lengths
using a Pearson correlation coefficient between the two. The correlation coefficient, which is a measure

of the linear correlation between two variables, was calculated by the following equation:

nyxy—xxxy
JnXx? — (X x)2/nYy? — (X y)?
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For this correlation coefficient equation, x is the theoretical values from the crystal structures and y is the
corresponding values from the optimized geometries. Typically, this affords values between -1 and +1,
where -1 is a total negative linear correlation, 0 is no linear correlation and +1 indicates a positive linear
correlation.31:3 The correlation coefficient observed for bond angles and bond lengths for compound 5 were
0.98 and 0.99 respectively. These values demonstrate alignment between bond lengths and angles among
the observed crystal structure and optimized structure. However, while the torsion angles are not in as
good agreement with a coefficient of 0.49, differences observed are mainly due to the orientation of the xyz
reference axis (Figure 4). The different orientation of the axis will lead to different measured results for the
torsional angles. While some torsional differences can be seen between molecules A and B, these
variations are small and do not significantly alter the lowest energy conformation between each structure.
For example, the torsion angle for the crystal for C12-N5-C8-F1 is -179.61°, contrasting with the optimized
structure angle of 179.54°.  This large difference between negative values observed in the crystal structure
and positive sign on the optimized structure occurs on 12 of the 116 torsion angles reported. These
deviations observed are most likely due to optimizations performed in the gas phase, which lack the
molecular interactions such as Van der Waals forces and dipole-dipole interactions.®*3* The gas phase
would also allow for free rotation, leading to the torsion angles to flip to the negative side of the measure
axis. However, as shown in Figure 5, there is little discernable different in the optimized structure of

either molecule.

Figure 3. Optimized geometry for molecules A (left) and B (right)
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Figure 4. Observed orientation around reference axis in optimized geometry of molecule B (left) and
original crystal (right)

Figure 5. End on view of optimized structure of molecule B (left) and crystal B (right)

Some additional key some torsion angles of interest include those involving the aryl side chains and the
central pyridazine ring. Table 1 summarizes these differences between the crystal and optimized
structures, with variations observed again due to the additional constraining factors of the solid verses the

gas phase.

Table 1. Observed Differences in Molecule B for Aryl Ring Torsional Angles

Torsional Angle Crystal (°) Optimized (°)
N7-N6-C10-C9 52.28 66.28
C10-N6-C16-C23 1.12 9.45
N7-C13-C34-C35 40.85 36.17

Electrostatic Potential Maps
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To help visualize charge distributions and electronic properties, an electrostatic potential (esp) map was
created for phenylpyridazine 5 using PBE functional with the cc-pVTZ basis (Figure 6). This is a single
surface counter (isovalue 0.004) and has electrostatic potential between -0.05 and +0.05. The red color
(-0.05 eV) shows lower electrostatic potential values (electron-rich) and blue (+0.05 eV) is a higher value
(electron-poor).  With respect to docking, the red regions indicate an area that would be ideal for
nucleophilic (proton) binding, and the blue regions are ideal for electrophilic (electron) binding. When
analyzing the esp mapping both molecules A and B, both the nitrogen within the pyridine ring (N5) and the
nitrogen in the central pyridazine ring (N7) show regions of high electron density, indicating potential
favorable proton binding. By contrast, the hydrogens on the phenyl rings and the carbons with the
pyridine ring are highly electron deficient, which indicates regions ideal for electron binding. These areas
of both high and low electron density should enhance the binding affinity within the cell. When compared
to non-fluorinated cases studied previously,'>!32223 some similarities and differences are noted. The N7
nitrogen atom is slightly electron rich, which is observed in prior studies. However, based on the size and
intensity of the red region on the esp mapping, this nitrogen is not as electron rich as previously reported
5,6-fused Cp heterocycles. The electron mapping on the Cp ring is similar to those of other fused-
pyridazines with and exception of the those reported with thienyl side groups.**?°  Cp rings on thienyl-
containing pyridazines were observed to be more electron rich. Another notable difference is that
previously reported pyridazines lack the fluorinated ring on bound to a nitrogen (N6). Those nitrogen
positions are relatively electron poor and serve as good sites for electron binding. With the addition of

the fluorinated pyridine, an electron rich site (N5) has been introduced at that same position.

Figure 6. Esp mapping for Molecule B showing the pyridazine face (left) and a top-down perspective.

Red regions show areas of electron rich centers and blue areas are ideal for electron binding.
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HOMO-LUMO Analysis

The HOMO-LUMO data shown was calculated on molecule B using the Perdew-Burke-Ernzerhof (PBE)
generalized gradient exchange-correlation functional®® and a triple-zeta correlation consistent (cc-pVTZ)*°
basis with canonical molecular orbitals (Figure 7). The calculated HOMO for pyridazine 5 occupies space
completely on the central ring. By contrast, the LUMO is more dispersed throughout the molecule, with
significant portions on the central pyridazine, one of the phenyl moieties (containing C34), and the pyridine
ring. As a large portion of the LUMO is observed within the fluorinated ring, this analysis indicates that
the addition of the pyridine ring should modify the electronic properties of this series of pyridazines and

potentially lead to differences in biological activity as compared to their unsubstituted precursors.

Figure 7. The calculated HOMO -0.18359 ev (left) and LUMO -0.10428 ev (right)

Natural Bond Analysis

A Natural Bond Orbital analysis was done to help visualize and interpret electronic orbitals and further the
understanding of intra- and intermolecular interactions in these systems (Figures 8 and 9). These
calculations were performed with PBE-cc-pVTZ methods using NBO 3.1.34  The second order Fock
matrix was carried out to examine the donor-acceptor interactions. A larger calculated stabilization
energy indicates a stronger interaction between electron donors (Lewis Type) and acceptors (anti-bonding
or Rydberg). These interactions show an overall delocalization of electron density which helps with
stabilization. Goekce et al. noted that while there is no direct relationship between NBO analysis and
molecular docking studies, the reactive sites and highest stabilizations calculated are the basis of receptor-
ligand interactions for molecular docking studies.®®  Other work by Agwupuye et al.*® and Kumar et al.%’
also report the usefulness of the NBO studies as possible target sites for inter- and intra-molecular

interactions. These observations make NBO calculations a useful guide for targeting binding locations in
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biological systems.

Upon analysis of the NBOs for molecule B, there are several donor-acceptor pairs of interest. The first
involves the lone-pair electrons on the nitrogen within the pyridazine ring (N6) (Figure 8). These
electrons interact with the neighboring antibonding carbon-carbon bond (C15-C16) and nitrogen-carbon
bond (N7-C13), with stabilization energy values of 31.83 and 21.66 kcal/mol respectively. These
stabilization values indicates large delocalization in molecule B.  This type of strong delocalization has
been observed in the central moiety of fused-ring systems, including 14.22 to 28.56 kcal/mol values
reported for thienyl oxazine interactions®® and 12.88 to 36.49 kcal/mol for pyridazine and oxazine

systems.®®

Figure 8. N6 lone-pair donor orbital and C15-C16 and N7-C13 anti-bonding acceptor orbital for molecule
B

Another stabilization for this system involves the interaction of the lone pairs on the fluorine atoms with
the antibonding pyridine carbon and nitrogen-carbon bonds (Figure 9). The stabilization energies
observed for this interaction is slightly below those involving the central pyridazine, with values at 18.52
to 22.14 kcal/mol for molecule B. However, these still represent significant donor-acceptor interactions
and demonstrate the impact that the addition of the fluorinated ring can have on the electronic properties

on the pyridazine substrate.
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Figure 9. Fluorine atom lone pairs donating orbitals and ring atom antibonding acceptor orbitals

EXPERIMENTAL

All reactions were carried out using standard Schlenk techniques under a nitrogen atmosphere unless
otherwise noted. NMR solvent chloroform-d (Acros), magnesium sulfate, MeOH (VWR), anhydrous
DMSO, hydrazine hydrate, CH2Cl>, pentafluoropyridine, sodium hydride (Aldrich) were all used without
further purification. The 1,2-diacylcyclopentadiene precursors were all made according to previously
reported procedures.?* H and *C NMR spectra were recorded on a Varian 400 MHz NMR spectrometer
at ca. 22 °C and were referenced to residual solvent peaks and TMS internal standard. All **C NMR spectra
were listed as decoupled. All infrared spectra were recorded on a Perkin Elmer Spectrum One FT-IR
Spectrometer. The mass spectrometry analysis was performed with a Synapt high-definition mass
spectrometer with a nano-electrospray ionization (ESI) source and Time of Flight (TOF) as mass analyzer
(Waters, Milford, MA). The experimental condition included a 60 pL/min flowrate and the capillary

voltage of 3.0 V. Melting points were taken on a standard Mel-Temp apparatus.

General synthesis of 1,4-disubstituted pyridazines (1-4):

Pyridazines 1-4 were prepared according to literature procedures.*?%22  In a 100 mL Schlenk flask, 500
mg of starting appropriate 1,2-diacylcyclopentadiene was reacted with 3 mL of hydrazine hydrate in 30 mL
of MeOH (Scheme 1). The reactions were kept under inert atmosphere at room temperature and stirred
overnight. The solutions were quenched with water and extracted with CH2Cl> (3 x 25 mL). The organic
layers were collected, dried over MgSOs, and filtered. The volatiles were removed in vacuo to afforded

pyridazines 1-4, which were characterized by IR and *H NMR and compared to reported values.

General experimental procedure for fluorinated pyridazines (5-8)
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The synthetic methodology utilized is a modified version reported by Bhambra et al.® To a 100 mL Schlenk
flask, excess pentafluoropyridine (1.5 equivalents) and sodium hydride (1.5 equivalents) were added to 10
mL of DMSO under inert atmosphere. Approximately 250 mg of substituted pyridazine was added at
room temperature and stirred for 18 h. The reaction was quenched with water and the suspension was
filtered and allowed to dry. For compounds 7 and 8, additional product was isolated by gently boiling the
filtrate for 20 min, allowing the mixture to cool, then isolating the suspended product. Analytically pure
samples were prepared by dissolving the crude product in CH2Cly, filtering and removing the volatiles in

vacuo, and finally triturating with cold pentane.

Synthesis of 2-(perfluoropyridin-4-yl)-diphenyl-2H-cyclepenta[d]pyridazine (5):

Pyridazine 1 (256 mg) was reacted using the general procedure described above to form the fluorinated
pyridazine 5, as a yellow-orange solid (231 mg, 59.8%). Mp 145-147 °C (decomposed). H NMR (400 MHz,
CDCls, ppm): 6.88 (dd, 1H, J3s = 4.4 Hz, J4 = 1.2 Hz, Cp), 7.15 (dd, 1H, J3 = 3.2 Hz, Js = 1.2 Hz, Cp), 7.46-
8.01 (m, 11H, Ph/Cp).*.C NMR (100 MHz, CDCls, ppm): 112.62, 113.22, 119.45, 124.07, 128.93, 128.96,
129.04, 129.15, 130.98, 131.05, 131.13, 134.83, 136.36, 146.20, 151.40. IR (cm™): 1586 (N=C). HRMS: m/z
Calc: 420.1124. Found: 420.1122 (M* + 1). Anal. Calcd for C2sH13FsN3; Calc: C, 68.74; H, 3.12; N, 10.02.
Found: C, 69.11; H, 2.99; N, 10.23.

The crystal structure of 5 was determined from single-crystal X-ray diffraction intensity measurements. An
orange-red crystal, typical of others in a batch grown by slow evaporation from a CHCl> solution at room
temperature, was selected for data collection. The total exposure time was 60.21 h at temperature of 150 K.
Twinning domains were determined using CELLNOW.® The structure was integrated and refined as a two
domain nonmerohedral twin with a domain ratio of 0.82:0.18. The two domains are related by a 180° rotation
around the c-axis. The frames were integrated with the Bruker SAINT software package® using a narrow-frame
algorithm. The structure was solved and refined using the Bruker SHELXTL Software Package* using the
space group P2/c, with Z = 8 for the formula unit, C24H13F4Ns. Data were corrected for absorption effects using

the Multi-Scan method (SADABS).* Crystal data and a summary of experimental details are given in Table 2.

Table 2. Sample and crystal data for compound 5

Chemical formula CosH13F4N3
Formula weight 419.37 g/mol
Temperature 150(2) K
Wavelength 1.54178 A
Crystal system Monoclinic
Space group Pl1l2/cl

Unit cell dimensions a=21.4720(6) A o=90°



Volume

z

Density (calculated)
Absorption coefficient

F(000)

Theta range for data collection

Reflections collected

Coverage
of independent reflections

Absorption correction
Structure solution technique
Structure solution program
Refinement method
Refinement program
Function minimized

Data / restraints / parameters

Goodness-of-fit on F2

Final R indices

Weighting scheme

Largest diff. peak and hole
R.M.S. deviation from mean

HETEROCYCLES, Vol. 106, No. 8, 2023

b =9.7059(3) A B=111.901(1)°

¢ =19.6996(5) A ¥ =90°

3809.20(19) A3
8

1.463 g/cm?®
0.982 mm*

1712

2.22 10 62.43°

10538

97.9%

Multi-Scan

direct methods

XT, VERSION 2018/2
Full-matrix least-squares on F2
SHELXL-2018/3 (Sheldrick, 2018)
> w(Fo2 - Fc2)2

10538/ 0/560

1.053

9457 data; I>20(I) R1 = 0.0305, wR2 = 0.0780
all data R1 = 0.0354, wR2 = 0.0843
w=1/[6%(Fo?)+(0.0432P)?+0.7199P]

where P=(Fo?+2F¢)/3

0.173 and -0.191 eA

0.035 eA
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Synthesis of 2-(perfluoropyridin-4-yl)-1,4-di-p-tolyl-2H-cyclopenta[d]pyridazine (6)

Pyridazine 2 (253 mg) was reacted using the general procedure described above to form the fluorinated
pyridazine 6, as a yellow-orange solid (231 mg, 61.7%). Mp 155-157 °C. *H NMR (400 MHz, CDCls, ppm):
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2.42 (s, 3H, Me), 2.45 (s, 3H, Me), 6.87 (d, 1H, J3 = 4.4 Hz, Cp), 7.13 (d, 1H, J3 = 2.8 Hz, Cp), 7.49 (t, 1H, J3
= 4.4 Hz, Cp) 7.24 (d, 2H, J3 = 7.6 Hz, Ph), 7.35 (d, 2H, Js = 7.6 Hz, Ph), 7.39 (d, 2H, Js = 8 Hz, Ph), 7.89, 7.24
(d, 2H, J; = 8 Hz, Ph). *C NMR (100 MHz, CDCls, ppm): 21.44, 21.50, 112.19, 112.88, 119.20, 123.77,
127.91, 128.62, 128.84, 129.39, 129.54, 133.37, 134.19, 139.82, 141.23, 146.24, 151.14. IR (cm™): 1580
(N=C). HRMS: m/z Calc: 448.1436. Found: 448.1433 (M* + 1). Anal. Calcd for C2sH17F2N3; C, 69.79; H,
3.83; N, 9.39. Found: C, 70.18; H, 3.80; N, 9.44.

Synthesis of 2-(perfluoropyridin-4-yl)-1,4-dichlorophenyl-2H-cyclopenta[d]pyridazine (7):

Pyridazine 3 (253 mg) was reacted using the general procedure described above to form the fluorinated
pyridazine 7, as a yellow-orange solid (266 mg, 74.1%). Mp 162-164 °C (decomposed). HNMR (400 MHz,
CDCls, ppm): 6.85 (d, 1H, J3 = 4.4 Hz, Cp), 7.13 (d, 1H, J3 = 3.2 Hz, J3 = 2.8 Hz, Cp), 7.46-7.96 (m, 9H,
Ph/Cp). 3C NMR (100 MHz, CDCls, ppm): 112.58, 113.08, 118.92, 124.07, 129.01, 129.11, 129.39, 130.04,
130.24, 134.45, 135.26, 135.98, 137.49, 144.71, 150.03. IR (cm™): 1588 (N=C). HRMS: m/z Calc: 488.0344.
Found: 488.0346 (M* + 1). Anal. Calcd for C24H11CIoF4aN3; C, 59.04; H, 2.27; N, 8.61. Found: C, 58.96; H,
2.31; N, 8.44.

Synthesis of 2-(perfluoropyridin-4-yl)-1,4-dibromophenyl-2H-cyclopenta[d]pyridazine (8):

Pyridazine 4 (250 mg) was reacted using the general procedure described above to form the fluorinated
pyridazine 8, as a yellow-orange solid (301 mg, 90.4%). Mp 152-154 °C. *H NMR (400 MHz, CDCls, ppm):
6.85 (dd, 1H, J3=4.4 Hz, J4= 1.2 Hz, Cp), 7.12 (dd, 1H, J3 = 3.2 Hz, J4 = 0.8 Hz, Cp), 7.38 (d, 2H, J3 = 8.4 Hz,
Ph), 7.45 (dd, 1H, Js = 3.2 Hz, J3 = 3.2 Hz, Cp), 7.62 (d, 2H, J3 = 8.4 Hz, Ph), 7.68 (d, 2H, J; = 8.8 Hz, Ph),
7.88 (d, 2H, J3 = 8.4 Hz, Ph). 3C NMR (100 MHz, CDCls, ppm): 112.61, 113.11, 118.83, 124.02, 124.30,
125.84, 129.58, 130.28, 130.40, 131.97, 132.34, 134.91, 135.30, 144.73, 150.08. IR (cm™): 1588 (N=C).
HRMS: m/z Calc: 575.9334. Found: 575.9326 (M* + 1). Anal. Calcd for C2sH11BroFaNs; C, 49.94; H, 1.92;
N, 7.28. Found: C, 50.32; H, 1.97; N, 7.30.
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