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CHAPTER 1

GENERAL INTRODUCTION

1.1. WHY FLUORINATED COMPOUNDS ARE INTERESTING?

The reason that organic chemists are interested in compounds that
contain fluorine is simple. Because of fluorine’s steric and polar char-
acteristics, even a single fluorine substituent, placed at a propitious
position within a molecule, can have a remarkable effect upon the
physical and chemical properties of that molecule. Discussions of the
impact of fluorine on physical and chemical properties of compounds
have appeared in numerous reviews and monographs.1–13 There are
also a number of recent reviews on the subject of fluorine in medicinal,
agrochemical, and materials chemistry.14–23

1.1.1. Steric Size

In terms of its steric impact, fluorine is the smallest substituent that can
replace a hydrogen in a molecule, other than an isotope of hydrogen.
Table 1.1 provides insight into the comparative steric impact of various
fluorinated substituents on the equilibrium between axial and equato-
rial substitution in cyclohexane.24
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2 GENERAL INTRODUCTION

TABLE 1.1. Values of A for Some Common Substituents

X

X

−𝛥G0 (kcal∕mol) = A

X A value X A value

H [0] F 0.2
OH 0.5 OCF3 0.8
OCH3 0.6 SCF3 1.2
CH3 1.7 CH2F 1.6
C2H5 1.8 CHF2 1.9
i-C3H7 2.2 CF3 2.4
Ph 2.8 C2F5 2.7

TABLE 1.2. Substituent Effects: 𝝈P-Values and F-Values

Substituent 𝜎p F Substituent 𝜎p F

H [0] [0] CH2F 0.11 0.15
F 0.06 0.45 CHF2 0.32 0.29
Cl 0.23 0.42 CF3 0.54 0.38
OH −0.37 0.33 C2F5 0.52 0.44
NH2 −0.66 0.08 OCF3 0.35 0.39
NO2 0.78 0.65 SCF3 0.50 0.36
CH3 −0.17 0.01 SF5 0.68 0.56

CH2CF3 0.09 0.15

1.1.2. Polar Effects

Fluorine is, of course, the most electronegative atom on the periodic
table. 𝜎p-Values and F-values (the “pure” field inductive effect) provide
indications of the electron-withdrawing influence of substituents, and
it can be seen that fluorine itself has the largest F value of an atomic
substituent. The values for 𝜎P and F for various other fluorinated
(and nonfluorinated) substituents provide insight into the relative
electron-withdrawing power of fluorinated substituents (Table 1.2).25

1.1.3. Effect of Fluorine Substituents on Acidity and Basicity
of Compounds

The strong electronegativity of the fluorinated substituents is reflected
in the effect that this group has upon the acidity of alcohols, carboxylic
acids, and sulfonic acids, as well as the effect it has on the basicity of
amines (Tables 1.3–1.6).1, 26
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TABLE 1.3. Carboxylic Acid Acidity

XCH2CO2H pKa

X = H 4.8
X = F 2.59
X = NO2 1.32
X = CF3 2.9
X = CF3CH2 4.2
CF3CO2H 0.2

TABLE 1.4. Sulfonic Acids

pKa

CH3SO3H −2.6
CF3SO3H −12

TABLE 1.5. Alcohol Acidity

pKa

CH3CH2OH 15.9
CF3CH2OH 12.4
(CF3)2CH–OH 9.3
(CF3)3C–OH 5.4

TABLE 1.6. Amine Basicity

(all in H2O, unless otherwise indicated)

NH

F
F
F

F
10.0

F3C

F3C
NH2

12.8

NH2

F3C

27.0 (DMSO)

XCH2NH2 pKb

X = CH3

X = CF3

X = CH2CF3

3.3

8.3

5.1

1.1.4. Effect of Fluorinated Substituents on Lipophilicity
of Molecules

Lipophilicity is an important consideration in the design of biologically
active compounds because it often controls absorption, transport,
or receptor binding; that is, it is a property that can enhance the
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4 GENERAL INTRODUCTION

bioavailability of a compound. The presence of fluorine in a substituent
gives rise to enhanced lipophilicity.

For substituents on benzene, lipophilicities are given by values of 𝜋X,
as measured by the equation in Scheme 1.1, where P values are the
octanol/water partition coefficients.

Scheme 1.1

πX = log PC6H5X – log PC6H6

SO2CH3 < OH  < NO2 < OCH3 < H < F < Cl < SO2CF3 < CH3 < SCH3 < CF3 < OCF3

< SF5 < SCF3 < C2F5

Representative π values:  CH3 (0.56), CF3 (0.88), OCF3 (1.04), SF5 (1.23), SCF3 (1.44)

As a measure of the impact of fluorine on a molecule’s lipophilicity,
the 𝜋-value of a CF3 group is 0.88, as compared to 0.56 for a CH3 group.

1.1.5. Other Effects

There is also evidence that single, carbon-bound fluorine substituents,
particularly when on an aromatic ring, can exhibit specific polarity
influences, including H-bonding, that can strongly influence binding to
enzymes.16, 27

These and other insights regarding structure–activity relationships
for fluorinated organic compounds allow researchers interested in
exploiting the effects of fluorine substitution on bioactivity to more
effectively design fluorine-containing bioactive compounds. In the
process of the synthesis of such compounds, it is necessary to char-
acterize the fluorine-containing synthetic intermediates and ultimate
target compounds. Knowledge of 19F NMR is essential for such
characterization.

1.1.6. Analytical Applications in Biomedicinal Chemistry

Over the last decade or so, NMR spectroscopy has emerged as a screen-
ing tool to facilitate the drug discovery process, and nowhere has this
been more the case than with 19F NMR spectroscopy (more about this
in Chapter 2).
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1.2. INTRODUCTION TO FLUORINE NMR28

Aside from carbon and hydrogen, fluorine-19 is probably the most stud-
ied nucleus in NMR. The reasons for this include both the properties
of the fluorine nucleus and the importance of molecules containing
fluorine. The nucleus 19F has the advantage of 100% natural abundance
and a highmagnetogyric ratio, about 0.94 times that of 1H. The chemical
shift range is very large compared to that of hydrogen, encompassing
a range of >350 ppm for organofluorine compounds. Thus, resonances
of different fluorine nuclei in a multifluorine-containing compound
are usually well separated and the spectra are usually of first order.
The nuclear spin quantum number for fluorine is 1∕2 and thus fluorine
couples to proximate protons and carbons in a manner similar to
hydrogen, and relaxation times are sufficiently long for spin–spin
splittings to be resolved. Moreover, long-range spin–spin coupling
constants to fluorine can have substantial magnitude, which can be
particularly useful in providing extensive connectivity information,
especially in 13C NMR spectra.

Although it is of less general importance because of the limited num-
ber of phosphorous-containing fluoroorganics, 31P also has a nuclear
spin quantum number of 1∕2, its natural abundance is 100%, and it cou-
ples strongly to neighboring fluorine. When present, it can therefore
have a significant influence on fluorine NMR spectra. 15N also has a
nuclear spin quantum number of 1∕2. However, its couplings to fluo-
rine are almost never measured directly because of the very low natural
abundance of 15N (0.366%), combined with its small gyromagnetic ratio
(−4.314MHz/T), which is about 1/10th that of 1H. Thus, indirect meth-
ods are almost always used to determine both the chemical shifts and
any F–N coupling constants.

As hopefully demonstrated by the many examples in this book, a
judicious use of fluorine NMR in combination with proton, carbon,
phosphorous, and nitrogen NMR can provide unique advantages in
the art of structure characterization. This is particularly true when one
brings to the task a knowledge of the impact of fluorine substituents
on the chemical shifts of and coupling constants to neighboring H, C,
P, and N atoms.

1.2.1. Chemical Shifts

Fluorotrichloromethane (CFCl3) has become the accepted, preferred
internal reference for the measurement of 19F NMR spectra, and, as
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such it is assigned a shift of zero. Signals upfield of the CFCl3 peak
are assigned negative chemical shift values, whereas those downfield
of CFCl3 are assigned positive values for their chemical shifts. When
reporting fluorine chemical shifts, it is advised to report them relative
to CFCl3.

Other compounds that are commonly encountered as internal stan-
dards, particularly in the earlier literature are as follows:

CF3CO2H: −76.2 ppm
Hexafluorobenzene: −162.2 ppm
Trifluoromethylbenzene: −63.2 ppm
Ethyl trifluoroacetate: −75.8 ppm.

However, CFCl3 has the advantage that its presence will not have any
influence upon a compound’s chemical shifts, plus its observed signal
lies substantially downfield of most signals deriving from carbon-bound
fluorine. Therefore, most fluorine chemical shifts (𝛿) are negative in
value.

Nevertheless, one must be aware that some significant fluorine-
containing functional groups, such as acylfluorides (𝛿 ∼+20 ppm), sul-
fonylfluorides (∼+60 ppm), and pentafluorosulfanyl (SF5) substituents
(up to +85 ppm), have signals in the region downfield from CFCl3.
Signals deriving from aliphatic CH2F groups lie at the high field end of
the range, with n-alkyl fluorides absorbing at about −218 ppm. Methyl
fluoride has one the highest field chemical shifts of an organofluorine
compound at −268 ppm, tetrakis(fluoromethyl)silane having perhaps
the highest (−277 ppm). Chapter 2 provides an overview of fluorine
chemical shifts, with subsequent chapters providing details for each
type of fluorinated substituent.

All chemical shift data presented in this book come either from the
primary literature or from spectra obtained in the author’s laboratory.
All spectra actually depicted in the book, unless otherwise noted, derive
from spectra obtained by the author at the University of Florida. All
data from the literature were obtained via searches using Reaxys or
SciFinder. Persons interested in accessing such primary literature can
do so readily via these databases by simply searching for the specific
compound mentioned in the text.

It should be noted that there are variations in reported chemical
shifts for particular compounds in the literature, as would be expected.
Usually these variations are less than ±2 ppm, and they can usually
be attributed to concentration and solvent effects (as well as simple
experimental error!). When given a choice, data reported using CDCl3
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as solvent have been preferred, with chemical shifts being reported to
the nearest ppm (except occasionally when comparisons within a series
from a common study are reported). When multiple values have been
reported in the literature, the author has used his judgment regarding
choice of the value to use in the book.

Increasingly effective efforts have been made to calculate fluorine
chemical shifts. Some leading references to such theoretical work are
provided.29–32

1.2.2. Coupling Constants

Fluorine spin–spin coupling constants to other fluorine nuclei, to neigh-
boring hydrogen nuclei and to carbons, phosphorous, or nitrogen in the
vicinity of the fluorine substituents are highly variable in magnitude but
are also highly characteristic of their environment. The magnitude of
such characteristic coupling constants is discussed in each of the subse-
quent chapters that describe the different structural situations of fluo-
rine substitution.

Spin–spin coupling constants are reported throughout this book as
absolute values of |J| in hertz (Hz), and they have all been obtained
either from the primary literature or from spectra obtained in the
author’s laboratory.
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