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The fluorine atom exhibits many unique properties, including a small atomic radius, large electronegativity, and
minimal polarizability. Thus, when coupled with carbon in the form of a C-F bond, organofluorine compounds with
highly sought after properties can be obtained. Perfluoropyridine (PFPy) is an organofluorine compound that has
been employed for a variety of applications, from straightforward chemical synthesis to more advanced functions,
such as fluorinated networks and polymers. This can be directly attributed to the highly reactive nature of PFPy,

especially towards nucleophilic aromatic substitution (SNAr).

perfluoropyridine

| 1. Introduction

The fluorine atom exhibits many unique properties, including a small atomic radius, large electronegativity, and
minimal polarizability LI. Thus, when coupled with carbon in the form of a C-F bond, organofluorine compounds
with highly sought after properties can be obtained [&. Many of these fluorinated compounds display increased
hydrophobicity, as well as enhanced chemical and oxidative resistance, and improved thermal stability [,
Accordingly, organofluorine compounds have found applications in a range of areas, such as medical imaging 4,
pharmaceuticals [, and agrochemicals . Furthermore, driven by the growing demand to develop novel high-
performance materials, fluorinated compounds are often used as the building blocks of more complex chemical

systems, such as fluoropolymers and fluorinated network materials (&,

There are a number of different organofluorine compounds that have been used as starting materials for more
complex systems and polymers. Organofluorine compounds used for these materials can be derived directly from a
commercially sourced fluorinated starting material or prepared in-house using selective or direct fluorination
techniques IO The motivation for choosing one feedstock over another weighs heavily on the overall
synthetic demand of the polymer or material, scalability, cost, and desired properties. With the growing variety of
commercially available fluorinated starting materials, often times, researchers will utilize commercial sources

versus turning to the more synthetically demanding routes of direct fluorination.

Perfluoropyridine, or PFPy, is one example of these fluorinated compounds that has been used for a wide variety of
purposes, ranging from general synthetic reactions 2213l to complex pharmaceuticals 141316l and materials 7]
(181191 ' Although it can be prepared in house by employing the methods described below, PFPy is commercially
available, and is considered to be an economically viable option in modern times. Furthermore, PFPy is a very

reactive molecule and can be used to develop more complex fluorinated starting materials.
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| 2. Discovery and Synthesis of Perfluoropyridine

The first reported synthetic methods for obtaining PFPy occurred in the early 1960s and involved defluorination of
perfluoropiperidine [20211122123] |y these instances, perfluoropiperidine, which was synthesized electrochemically
from pyridine and anhydrous hydrogen fluoride 24 was passed over a metal, either iron or nickel, at high
temperatures. PFPy was then isolated through chromatographic methods. When iron was implemented, PFPy was

obtained at a 26% vyield. A slightly lower recovery, 12%, was found when defluorination was conducted using nickel
(Scheme 1) [20121]i22],

NS, . :

Fe/Ni = |
.

F=7 F 580-700 °C
?ﬁ F F™ N °F

(26%/12%)

Scheme 1. Synthesis of PFPy from perfluoropiperidine.

In 1964 and 1965, two different groups—Chambers et al. 23261271 and Banks et al. (28129 __puyblished similar
methods for the synthesis of PFPy. Here, the authors were able to prepare PFPy by heating pentachloropyridine in
an autoclave with anhydrous potassium fluoride. Pentachloropyridine was prepared by reacting pyridine with

phosphorous pentachloride B9, In this instance, a mixture of products was obtained but could be separated by
distillation (Scheme 2) [251[261[27](28]{29]
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Scheme 2. Synthesis of PFPy using anhydrous potassium fluoride.

The total amount of halogenated products was about 90%, and the ratio of products could be tuned by changing
the temperature and reaction time. Under optimal conditions, PFPy could be obtained at a yield of 83% 29 The

method shown in Scheme 2 is still the gold standard for synthesizing PFPy commercially.

Since the development of the commercial method for obtaining PFPy in the mid-1960s, little progress on obtaining
PFPy by other means has been made. Nearly 20 years later, Banks et al. obtained trace quantities of PFPy by co-

pyrolyzing pentafluoro(trychloromethy)benzene and 4-(dichloroamino)tetrafluoropyridine under nitrogen B, The
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same year, Coe and Sleigh pyrolyzed a number of pyrrolidines in the presence of iron 22, This reaction produced a
mixture of products, and similar to the report by Banks 1, PFPy was obtained in very low quantities (<12%). Later,
in 1982, Plevey and co-workers were able to obtain PFPy at a yield of 40% by fluorinating pyridine with cesium
tetrafluorocobalatate (Il) 23, Despite this, they were also met with challenges and encountered a point of

diminishing returns on the yield when the reaction was attempted above a 5 g scale (Scheme 3) [23],
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Scheme 3. Synthesis of PFPy using cesium tetrafluorocobalatate (III).

In a final example published in 2004 by Bardin et al., the authors were able to obtain PFPy by the dehalogenation
of CsCl4FsN in the presence of iron or zinc 4. In all cases, a mixture of products was obtained and non-isolated
yields, as determined by GLC analysis, remained average when compared to those obtained by the method

presented in Scheme 2 (Table 1).

Table 1. Reaction summary from Bardin et al. 341,

Entry Catalyst/co-Catalyst Conditions PFPy Yield (%)
1 Fe 500 °C 40-43
2 Zn THF, 80 °C,5h 18
3 Zn/SOCl, Sulfolane, 80 °C, 5 h 30
4 Zn/CuSO, Sulfolane, 80 °C, 5 h 38
5 Zn/CuSO, Diglyme, 80 °C, 5 h 29
6 Zn/complex NiCl,x6H,0 + bpy DMA, 80 °C,5h 34

| 3. Chemistry of Perfluoropyridine

https://encyclopedia.pub/entry/20392 3/9



Perfluoropyridine | Encyclopedia.pub

Since its initial reported synthesis in the early 1960s, there have been over 600 publications in which PFPy has
been utilized as a starting material or reagent 32, With that, the chemical transformations of PFPy are well
documented and some noteworthy methodologies include C-F bond activation 28!, photoredox reactions 728l
hydrodefluorination B4 and nucleophilic addition “3. With the variety of readily available nucleophiles, the latter
of these known chemical transformations has shown to be quite versatile. Furthermore, PFPy possesses unique
regioselectivity, whereby stoichiometric addition to the 4-para-position is exclusive with a broad range of O-, N-, S,
and C-nucleophiles under mild basic conditions. Sequential addition to the 2,6-ortho-positions can also be

accomplished, dividing substitution at the 3,5-meta-positions (Scheme 4).
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Scheme 4. PFPy as a regio- and chemo-selective nucleophile.

This sequence is commonly accepted to proceed under classic nucleophilic aromatic substitution (SNAr). However,
it has been recently debated whether these reactions proceed via a two-step process with a Meisenheimer
intermediate or, rather, as a concerted reaction 2. A concerted nucleophilic aromatic substitution reaction (CSNAr)
mechanism supports the notion that electron-poor arenes cannot effectively stabilize a negative charge during
Meisenheimer complex formation, but can favorably undergo substitution under mild conditions with a good leaving
group, in this case fluoride. Furthermore, PFPy is also chemo-selective with a large pool of di-nucleophiles, which
has further expanded the utility of this molecule. A consolidated review of perfluoroaromatic chemistry, in
particularly with PFPy, has highlighted comprehensive nucleophilic addition—substitution transformations

demonstrating chemo- and regioselectivity 43

Vlasov et al. has demonstrated that PFPy undergoes reversible substitution with fluoride (F~) under basic
conditions with good nucleophiles—in this case, phenols, as shown in Scheme 5 44, This work was further
expanded to include a DFT modeling study of the reversibility effects of electron-rich/poor aryl ether substitutions at
the 2,6-ortho-positions of PFPy 43, Brittain et al. exploited these phenomena in order to utilize PFPy as a robust

protecting group for a diverse pool of phenolics that exhibited mild cleavage/deprotection 12,
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Scheme 5. PFPy and its reversibility to complex products with phenols.

Perfluoropyridine has been employed as a nucleophilic fluorination reagent for both alkyl halides (Scheme 6, right-
to-left) 281 as well as deoxyfluorination of carboxylic acids (Scheme 6, left-to-right) 44 for the preparation of a
versatile pool of substrates. Fluorination of organo-halides (R—X) is achieved after generation of the air-stable
fluoride salt from the addition of PFPy and dimethylaminopyridine 48, Furthermore, the in situ generation of acyl
fluorides is readily accomplished by the nucleophilic addition of carboxylic acids with PFPy 7. The ester
intermediate then undergoes cleavage from unsequestered fluoride, producing phenol as a by-product and the
desired acyl fluoride. This strategy was expanded to include the ‘one-pot’ preparation of amides and esters utilizing
PFPy as a coupling agent.
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Scheme 6. PFPyas a nucleophilic fluorinating agent.

The last examples of purposeful manipulation of PFPy involve site selective defluorination and halogen exchange
(halex), as illustrated in Scheme 7 [28149 Both processes generate a regioselective substitution depending on
various reaction conditions. Senaweera et al. demonstrated high photocatalytic turnover with low-Ir complex
loading for the preparation of deyhdrofluorinated PFPYy utilizing a flow reactor design, demonstrating the scalability
of such useful intermediates 8. The halex reverse-substitution was achieved in the 4-para-position of PFPy with
LiCl, and additional exchanges on the ring with chlorine were achieved from a combination of kinetic and

thermodynamic control [22],
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Scheme 7. PFPy as a scaffold for selective hydrodefluorination.
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