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Abstract
Elemental fluorine is essential for the preparation of many fluorine-containing compounds. A few examples from the author’s past research are

presented to illustrate this in tribute to the Centenary of the awarding of the Nobel Prize to Henri Moissan.
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1. Introduction

Moissan’s isolation of elemental fluorine in 1886 paved

the way to many novel fluorine compounds. While the large

majority of all known fluorine-containing compounds

have been obtained from other sources, elemental fluorine

is essential in the preparation of many compounds. The

year 2006 marks the 100th anniversary of the awarding of

the Nobel Prize to Henri Moissan for his pioneering

research [1]. In commemoration of this centenary, it is

appropriate to present some selected examples of interesting

compounds from past research by the 2006 Moissan

Laureate wherein elemental fluorine was required for their

preparation.

2. Background

I was first introduced to elemental fluorine in 1963 at the

University of Washington during my early Ph.D. studies under

Professor G.H. Cady [2]. Fluorine was used routinely in Cady’s

laboratories and as a beginning graduate student I was awed by

its reactivity and perfume-like odor (in low concentrations!). As

I gained familiarity with handling fluorine, I tried numerous

unsuccessful reactions to prepare new fluoroxy derivatives of
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sulfur and the first example of a phosphorous derivative.

Ultimately, I used fluorine to prepare the known peroxide

S2O6F2, and its reaction chemistry was the major part of my

Ph.D. thesis [3].

Since those early days of working with fluorine, my

coworkers and I have used fluorine to prepare many examples

of new non-metal fluorine compounds [4]. Fluorine was utilized

in two ways: preparation of key starting materials, or in a direct

reaction to a new compound. The following compounds

illustrate both approaches. These four examples have been

chosen to show some of the rich chemistry made possible by

reactions of fluorine. An exhaustive review of all known

compounds requiring fluorine in their syntheses would be both

interesting and substantial.

3. An interesting hydroperoxide

The reactive peroxide CF3OOH was first observed by 3 M

chemists from hydrolysis of the peroxyformate CF3OOC(O)F

[5]. The latter was obtained as one of many minor products

from the fluorination of sodium trifluoroacetate. We discovered

a preparative route to the peroxyformate using the fluoroxy

compound CF2(OF)2 [6]. The latter is prepared by the cesium

fluoride catalyzed fluorination of CO2. This quantitative

reaction is a remarkable example of fluoride catalysis and

the use of fluorine to generate a highly reactive molecule. When

CF2(OF)2 is combined with excess carbonyl fluoride and

cesium fluoride under the right conditions, excellent yields of
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Scheme 1. Synthesis of CF3OOH.

Scheme 4. Attempted synthesis of difluorodioxirane.

Scheme 3. Cycloaddition of CF2(OF)2 to alkenes.
the peroxyformate can be obtained for conversion to CF3OOH.

These transformations are shown in Scheme 1.

The intermediates in Scheme 1 have never been isolated in

these reactions, but the transformations a, b and c have been

independently verified, lending strong support to the suggested

intermediates [7–9]. With a preparative route to the perox-

yformate CF3OOC(O)F, controlled hydrolysis provided

CF3OOH for investigation of its chemistry. A variety of

interesting new molecules were found from reactions of

this hydroperoxide and some examples are shown in Scheme 2

[10–17].

4. A fascinating cyclic peroxide

The idea of preparing a perfluorinated dioxirane was

mentioned in research proposals by the author in the late 1970s,

but no effort was made to do this until 1993. Chemists at
Scheme 2. Some reactions of CF3OOH.
Ausimont (now Solvay Solexis) in Italy had discovered a very

interesting cycloaddition reaction of CF2(OF)2 to fluorinated

olefins as illustrated in Scheme 3 [18,19].

Subsequent dechlorination of this and other related 1,3-

dioxolanes gave reactive dioxoles useful for the preparation

of amorphous fluoropolymers. It was proposed that the

cycloaddition reaction proceeded via the difluorodioxirane

and in collaboration we set out to prepare this dioxirane. My

proposed route was based on the elimination of ClF from the

unknown F2C(OCl)OF which might be prepared from the

known FC(O)OF. The reaction sequence used is shown in

Scheme 4.

The successful preparation of F2C(OCl)OF was achieved

but the latter did not readily form the desired dioxirane [20].

Fortunately in the course of this work a flow system was tried to

improve the yields of the chloroxyfluoroxy derivative. This

serendipitous experiment using a gaseous mixture of

FC(O)OF/ClF through CsF gave the first evidence of the

dioxirane. Scheme 5 shows the synthesis and proposed

mechanism [21].

Difluorodioxirane is a remarkable molecule with the longest

O–O bond observed to date [22]. It is a powerful oxygenating

agent and undergoes a remarkable ring opening by nucleophiles

at the O–O bond. However, it is not the intermediate in
Scheme 5. Synthesis of difluorodioxirane.
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Scheme 6. Some reactions of difluorodioxirane.
preparation of dioxoranes from CF2(OF)2. Some reactions of

the dioxirane are shown in Scheme 6 [7,9,21].

5. A novel N-fluoroimine

The interesting N-chloroimine F2C = NCl was isolated by

Fox and coworkers by reaction of cyanogen chloride with

chlorine monofluoride, followed by dechlorination with

mercury [23]:

ClC�Nþ 2ClF!ClCF2NCl2�!
Hg

CF2 ¼ NCl (1)

For a variety of reasons, we wanted to prepare the analog

F2C = NF. We reasoned that the synthesis of ClCF2NCl2 must

involve a stepwise addition of ClF and perhaps we could trap

the intermediate with fluorine:

ClC�Nþ ClF

F2

�!ClF
FClC ¼ NCl�!F2

ClCF2NClF (2)

This reaction worked well but we found that the reaction

proceeded via a novel displacement reaction [24]:

(3)
Scheme 7. Some reactions of F2C = NF.
The neat mercury dechlorination of ClF2CNClF did not

work well but ultimately a high yield route was found using

trifluoroacetic anhydride (TFAA) as a solvent [25]:

(4)

This imine was very reactive with fluoride ion to make the

trifluoromethanamide anion and several facile reactions are

shown in Scheme 7 [26–30].

Difluoromethanimine could also be polymerized by SbF5.

This energetic material was never fully characterized but MS

showed oligomers up to n = 10 upon vacuum pyrolysis of the

white solid [31]:

F2C ¼ NF�!SbF5ðCF2NFÞn (5)

6. A powerful electrophilic fluorination reagent

The remarkable Bronsted acid (CF3SO2)NH was originally

synthesized by us to prepare a xenon–nitrogen bond analogous

to our first example with (FSO2)2NH to form FXeN(SO2F)2.

The interesting history of this work is summarized in Ref. [4].

This acid and its many possible analogues have led to much

interesting research and potential applications in fuel cells and

lithium batteries. However, a very interesting application

depends on fluorine.

Selective fluorination of organic molecules is of long-

standing interest in the search for new bioactive compounds.

Perchloryl fluoride and fluoroxytrifluoromethane are exam-

ples of good electrophilic-like fluorination reagents, but

these compounds have many safety issues associated with

their use. Efforts to develop safer reagents of this type have

focused on N-fluoro derivatives. An early report on the use

of N-fluoro-N-alkylsulfonimides to fluorinate carbanions

led us to explore the newly discovered N-fluorobis

((trifluoromethyl)sulfonyl)imide FN(SO2CF3)2 as a fluorina-

tion reagent. The latter was easily prepared in high yield

[32]:

ðCF3SO2Þ2NHþ F2 �!�196 to 22 �CðCF3SO2Þ2NFþ HF (6)

The first reaction to fluorinate a carbanion using toluene as a

solvent, resulted in the ring fluorination of the toluene. This

indicated that the compound was indeed a powerful electro-

philic fluorination reagent. Subsequently many N–F fluorina-

tion reagents have been developed but to date (CF3SO2)2NF is
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Scheme 8. Examples of selective fluorinations with (CF3SO2)2NF. (1) Aro-

matics (2) 1,3-dicarbonyls; (3) monocarbonyls; (4) camptothecin; (5) olefins;

(6) methylpyridines; (7) flavones.
probably the most powerful one [33]. Some of the many

interesting examples of selective fluorinations with

(CF3SO2)2NF are shown in Scheme 8 [34,35].

7. Conclusion

These examples of molecules enabled by reactions of

elemental fluorine give only a glimpse of the fascinating

chemistry made possible by Moissan’s discovery 120 years ago.

Using elemental fluorine requires some special consideration

but the opportunities for discovery are worth the effort.
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