J. Org. Chem. 1990, 55, 2621-2623 2621

Our proposed multiple-step addition—elimination
mechanism for 1 also offers a plausible alternative expla-
nation to certain anomalies noticed in the nitration of
pyrene,*®# where unusually large amounts of dinitro-
pyrenes, including the unexpected 1,3-dinitropyrene, are
formed.

Although the synthetic applications of the nitration of
PAH with NO, in organic solvents are attractive,0:36:42
special attention should be given to the drying and choice
of solvents, drying of the NO,, temperature, and catalysts.
As we have demonstrated, the operative reaction mecha-
nisms are highly dependent on the experimental condi-
tions.

Toxicological Implications. Fluoranthene (1) is one
of the most abundant PAH in environmental samples.
The reaction of 1 with NO, is slower than with N,0,;'214
nevertheless, the reaction with NO, might be the most
important contributor to the formation of 2NF due to the
relatively higher concentrations of NO, in urban atmo-
sphere.#* There currently is evidence for a substantial
contribution from a nonionic reaction pathway in atmos-
pheric reactions to the total nitro-PAH that are in the
urban environment.##9131445 The distribution of nitro-
PAH obtained upon nitration with NO, under free-radical
conditions (in solvents of low dielectric constant) may
model the atmospheric (gas phase) reaction. For example,
2-nitrofluoranthene is one of the most important nitro-
PAH in ambient polluted air,* and, as we have found, is
the major product of the homolytic nitration of 1 with
NO,.#” In contrast, 2-nitrofluoranthene is the only isomer
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not detected under nitrations mediated by the nitronium
ion or a carrier thereof. The nitration of 1 with NO, under
free-radical conditions also leads to the facile formation
of highly mutagenic dinitrofluoranthenes.!4® Dinitro-
fluoranthenes have been detected as atmospheric pollu-
tants; they display GC retention times similar to the more
studied dinitropyrenes#®% and also have the same mo-
lecular weight and similar MS fragmentation patterns.
Thus, what has previously been identified as dinitro-
pyrenes by lower resolution gas chromatography may ac-
tually reflect the sum of dinitropyrenes and dinitro-
fluoranthenes.
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Acyl hypofluorites, RCOOF, with hydrogen containing alkyl residues have been prepared from the corresponding
carboxylic acid salts and F,. For these compounds to have a reasonable stability, at least one electron-withdrawing
group has to be attached to the a-position and lengthy chains should be avoided. All hypofluorites have an
electrophilic fluorine which can readily react with an electron-rich double bond, as in tetralone enol acetate to

give a-fluorotetralone.

There is considerable interest in compounds possessing
the O-F bond since they are found to be strong electro-
philic fluorinating agents. This bond is found mainly in
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two groups of compounds: fluoroxyperfluoro alkanes and
perfluoroacyl hypofluorites. The first member of the
fluoroxy family, CF,OF, was initially prepared by Cady!
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and later introduced by Barton to organic chemistry as an
electrophilic fluorinating agent.? Shortly afterward CF,OF
and to a lesser extent CF,CF,OF® became subjects for
numerous electrophilic as well as radical fluorination
studies.! At the same time several other hydrogen-free
fluoroxy compounds had been prepared and found to be
stable for years to room temperature providing no external
radical initiation took place.?

The perfluoroacyl hypofluorites did not receive as much
attention. Again, Cady was the first to prepare and isolate
CF;COOF ¢ but during the following 15 years nobody re-
ported it in organic chemistry. Some years ago we
“rediscovered” this and some higher hypofluorites, pre-
pared them by an easier procedure, and used them in
organic and polymer chemistry.”® The last use emphasizes
the fact that radical decomposition of hypofluorites,
R{COOF — Ry + F* + CO,, is considerably easier then that
of the fluoroxy derivatives.

It was generally accepted that the O-F-containing com-
pounds derive their stability, low as it may be, from their
perfluorinated alky! chain. For instance, the presence of
a single hydrogen as in CHF,CF,OF causes a rapid de-
composition even at 0 °C.2 The stability was mainly
attributed to the electron-withdrawing power of the per-
fluoroalkyl group which would tend to strengthen the
oxygen fluorine bond and also to the uniform fluorine
“shield” protecting the carbon frame from radical attacks
which might originate in the weak O-F moiety.}® Such
notions, widely accepted for many years as “common
knowledge”, discouraged chemists from a second, harder
look into the matter. Some years ago, however, we suc-
ceeded in preparing for the first time the now widely used
acetyl hypofluorite!! and demonstrated that, despite its
lack of perfluoroalkyl, it is stable enough to be employed
in many chemical reactions.!? Later it was unequivocally
shown by us and Appelman that AcOF is indeed a real
molecule!® and the overall effect is not caused by just a
series of consecutive reactions each contributing the ele-
ments of fluorine and the acetoxy group.l* We report here
on our efforts to make some new hypofluorites with various
hydrogen-containing alkyl groups and at the same time
determine the factors which can stabilize such compounds
to a degree that they can be used in fruitful organic
syntheses.
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Following the successful preparation of AcOF from so-
dium acetate, the next natural step was to test the reaction
of sodium propionate (1) with fluorine, with or without the
presence of water and propionic acid.!® The reaction
produced only traces of an oxidizing hypofluorite and
eventually, after adding slightly more than 1 molar equiv
of fluorine, only sodium fluoride could be isolated and
identified. It is reasonable to assume that the first step
is indeed the formation of propionyl hypofluorite, but since
the fluorine which is weakly bound to the oxygen atom can
be in conformations where it is in close proximity to a
hydrogen, it can react with it and eliminate the very stable
HF. We hoped at first to avoid this decomposition path-
way by replacing either the a- or the 8-hydrogens with
methyl groups. However, reacting sodium pivalate (2) or
sodium tert-butylacetic acid (3) with fluorine afforded
again no detectable oxidizing compounds, and only a
quantitative formation of sodium fluoride and fragmen-
tation of the alkyl radical to very volatile components was
observed. This fragmentation is also evident when sodium
undecanoate (4) is treated with fluorine. Attempts to
identify nonvolatile compounds clearly showed that de-
rivatives such as fluorodecane were not formed.

CX3CZ,COONa + F; ---> [CX3CZ,;COOF] + NaF
1X=Z=H
2 X=H;Z=CHj
3X=CH3;Z=H
CH3(CH3),CHXCOONa + Fj ---> NaF + decomposition products.
4n=8X-=H
20n=9X=20Cl
2ln=5 X=Cl
22 n=3%X-=2Cl
CH,;CICH;COONa + F;
11

When, however, the a-hydrogens were replaced by
chlorine atoms and sodium 2,2-dichloropropionate (5) was
reacted with fluorine, a considerable amount of the oxi-
dative 2,2-dichloropropionyl hypofluorite (6) was formed.
This was then reacted at —78 °C with the enol acetate of
tetralone (7) and the product, a-fluorotetralone (8), was
obtained in 85% yield. This is typical of a reaction be-
tween any electrophilic fluorinating agent and enol ace-
tates!® and supports the existence of the O-F bond. An
additional proof for the formation of the hypofluorite 6
could be found in its low-temperature °F NMR spectrum
which displays a sharp singlet at +134 ppm, a character-
istic signal of the O-F bond.

The next step was aimed at finding whether it was
necessary to replace all the hydrogens in the «-position.
We reacted, therefore, sodium 2,3-dichloropropionate (9)
with fluorine with results similar to the previous case: the
resulting hypofluorite 10 was stable enough for several
hours at =78 °C!7 and performed the transformation 7 —
8 in 80% yield. We soon found that the second chlorine
atom, on the 8-carbon, does not play an important role in
stabilizing the hypofluorite moiety. Thus sodium 3-
chloropropionate (11) did not produce any oxidizing ma-
terial when treated with F,, but its isomer sodium 2-

---> decomposition products.

---> NaF 4 ccceeenes

(15) The reason for the addition of the propionic acid and water is that
adding acetic acid to AcONa greatly enhances the efficiency of the AcOF
production. The corresponding acid and the water have also an essential
role in directing the reaction toward hypofluorite formation rather than
fluorooxy compounds. See discussion in refs 3a and 7.
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hypofluorite which is determined iodometrically.
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chloropropionate (12) reacted quickly with fluorine to give
the relatively stable hypofluorite 13, which also passed the
test of fast reaction with tetralone enol acetate to give 8
in higher than 80% yield. Similarly, substituting only one
of the «-hydrogens with chlorine was found to be enough
to give stability to 2-chlorobutyryl hypofluorite (14), which
was obtained from the corresponding sodium salt (15) and
behaved similarly to the above hypofluorites.

Chlorine, however, is not the only substituent at the
a-position enabling the formation of relatively stable hy-
pofluorites. Sodium 2-nitrobutyrate (16) reacted quite
efficiently with F, to form the hypofluorite 17, as did
monosodium monoethyl 2-ethylmalonate (18), which pro-
duced the corresponding hypofluorite 19. Both 17 and 19
produced the expected a-fluoro ketone 8 from the enol
acetate 7 in higher than 85% yield.

OAc o

QU == o)’

L ]
CH,ZCXCICOONa + F3 ---> CHZCXCICOOF

§X=ChsZ=H 6X=ChZ=H
22=X=Cl 10WZ=X=0C
12Z=X=H 13Z2=X=H

CH3(CH;),CHXCOONa + F; -..> CH;CH,CHXCOOF

15sn=1;X=Cl ld4n=1X=0C

16 n = 1; X = NOy 1Zn=1;X=NOy

18 n =1; X = COOEt 19 n = 1; X = COOEt

23n=2X=0Cl 25n=2;X=0Cl

24 n =2; X = COOEt 26 n = 2; X = COOEt

An important contribution to the stability of the O-F
bond is obviously the electronegative group at the 2-pos-
ition, but it seems that this is not the sole factor which has
to be considered. Apparently another important point is
the proximity in space of the other hydrogen atoms to the
oxygen bound fluorine. Thus, reacting sodium a-chloro-
decanoate (20) with fluorine does not produce any long-
lasting oxidizing material, although the salt is fully con-
sumed. Similarly with shorter chains of 8 or even 6 car-
bons, i.e. sodium «a-chlorooctanoate (21) and -hexanoate
(22), there are numerous conformations where the oxy-
gen-bound fluorine can be very close to one of the chain
hydrogens. It seems that with our reaction conditions, a
five-carbon chain is the upper limit where hypofluorites
with a monosubstituted alkyl residue can have a syn-
thetically useful life time. Indeed, sodium «-chloro-
pentanoate (23) and monosodium monoethyl propyl-
malonate (24) react successfully with fluorine to produce
the corresponding hypofluorites (25 and 26) though in
somewhat lower yield than with the previously discussed
shorter chain homologs. What is more, their reaction with
the enol acetate 7 is also less efficient, and the yield of the
fluoro ketone 8 is only 40-50%. The lower yields reflect
the lower stability of these five-carbon hypofluorites, where
easy decomposition is a competitive route even to the fast
reaction with an electron-rich enolacetate.

In conclusion, it seems that hydrogen-containing hypo-
fluorites, other than AcOF, can be made and used in or-
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ganic synthesis contrary to the general belief. The two
stabilizing factors contributed by the perfluoroalkyl moiety,
namely strengthening the O-F bond and shielding the
carbon skeleton from possible radical attack, are definitely
important. However there is enough tolerance to accom-
modate some variations in the chain attached to the hy-
pofluorite. It seems that a single electron-withdrawing
group such as chlorine, nitro, or carbethoxy is enough to
strengthen the O-F bond, and, at -78 °C, the hydrogens
on the first four carbons are not readily accessible for
intramolecular radical HF elimination.

Experimental Section

'H NMR spectra were recorded with a Bruker WH-360 spec-
trometer at 360 MHz with CDCl, as a solvent and Me,Si as an
internal standard. The °F NMR spectra were measured at 338.8
MHz and are reported in parts per million upfield from CFCl,,
which also served as internal standard. Since the hypofluorites
were prepared in CFCly, their '°F NMR spectra were measured
after selectively suppressing the intense solvent signal using the
1331 sequence.!8

General Fluorination Procedure. A description of the setup
and the procedure for working with elemental fluorine has pre-
viously been described.?7 It is worth stressing that F, and RCOOF
should be treated with care, since they are strong oxidizers. The
work should be conducted in an efficient hood or in a well-ven-
tilated area. The toxicities of the various RCOOF compounds
are not known, but some of the fluoroxy reagents are suspected
to be strong poisons. If elementary precautions are taken, work
with fluorine and its derivatives is safe and relatively simple. In
the past we have had no bad experience working with this element.

General Procedure for Generating the Hypofluorites. A
sodium salt (70 mmol) was mixed well with 30 mmol of the
corresponding acid and 2 mL of water,!® suspended in 400 mL
of CFCls, cooled to -78 °C, and stirred well. About 80 mmol of
fluorine diluted with nitrogen!® (10% F,/N,) was then bubbled
slowly through this suspension. The amount of the resultant
hypofluorite was determined by reacting aliquots of the reaction
mixture with aqueous KI and titrating the liberated iodine with
thiosulfate. Usually 20-40 mmol of the hypofluorites were ob-
tained, representing 25-50% yield based on the amount of the
fluorine passed. Most of the salt was usually consumed and
eventually converted into NaF. One should bear in mind though,
that yields based on F, can vary greatly, since fluorine is not
soluble in CFCl; and the reaction depends on the efficiency of
dispersing the gas bubbles and the mixing of the suspension. We
have found that hoth problems can be addressed quite efficiently
by using a vibromixer with a hollow shaft equipped with a stirrer
disk, both purchased from Chemap AG.

Fluorination of Tetralone Enol Acetate.”>!¢ A cold (-78
°C) CH,Cl, solution of the enol acetate 7 was added in one portion
to the hypofluorite solution (in excess by 20% to 7). The mixture
was stirred for 2 min, poured into thiosulfate solution, washed
with water until neutral, and dried, and the solvent was evapo-
rated. The resulting a-fluorotetralone was compared with an
authentic sample.
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