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The present invention Is directed to a process for preparing a N,N'-difluorodiazoniabicycloalkane salt of the formula: (see
formula |) by reacting a corresponding diazabicycloalkane or diazabicycloalkane Brznsted acid salt and fluorine in the presence
of a Bronsted acid or In the presence or absence of a base, by reacting a corresponding N,N'-difluorodiazoniabicycloalkane salt

and an acid or salt, by reacting a corresponding dlazablcycloalkane and fluorine In th

e presence of a Brensted acid and then

reacting an intermediate product and an acid or salt, or by reacting a corresponding di

azabicycloalkane Brgnsted acid salt and

fluorine In the presence or absence of a base and then reacting an intermediate product and an acid or salt.
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ABSTRACT

The present invention is directed to a process for preparing

a N,N’- difluorodiazoniabicycloalkane salt of the formula:
F

i

(CHz)n

R'HC CHR®

(X' (X3

CR“ CHR!
\ / (1)

F

R'HC

10

by reacting a corresponding diazabicyclioalkane or diazabicyclo-
alkane Brgnsted acid salt and fluorine in the presence of a Brgnsted
acid or in the presence or absence of a base, by reacting a corres-
15 ponding N,N’-difluorodiazoniabicycloalkane salt and an acid or salt,
by reacting a corresponding diazabicycloalkane and fluorine in the
presence of a Bronsted acid and then reacting an intermediate

product and an acid or salt, or by reacting a corresponding diaza-

bicycloalkane Brgnsted acid salt and fluorine in the presence or
20 absence of a base and then reacting an intermediate product and an

acid or salt.
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PROCESS FOR PREPARING N,N-DIFLUORODIAZONIA-

BICYCLOALKANE SALT, INTERMEDIATE THEREFOR,
PRODUCT AND USE OF PRODUCT

The present invention relates to a process for preparing

a N,N'-difluorodiazoniabicycloalkane salt, an intermediate useful

for synthesizing such a salt, a product and use of the product.

The N,N’-difluorodiazoniabicycloalkane salts are useful
as an electrophilic fluorinating agent for organic compounds (see US

Patent No. 5,367,071, EP-A-O0 657 457 and JP-A-7-233167).

The following processes have been developed for the

preparation of the N,N’-difluorodiazoniabicycloalkane salts:

(1) A 1-hydro-4-aza-1-azoniabicycloalkane salt is
fluorinated with fluorine (F2) in the presence of an alkali metal salt
(LIOSO,CF3) (see US Patent No. 5,367,071);

(2) A 1,4-diazabicycloalkane is reacted .with a twice
molar amount of a Lewis acid (BFs, PF5 or SO3), and then fluorinated

with F2 (see EP-A-0 657 457, Examples 3, 4 and 5);

(3) A 1,4-diazabicycloalkane is reacted with an

~equimolar amount of a Lewis acid (BF3), followed by fluorination

with Fz in the presence of an alkali metal salt (NaBF,4) and a
monofluorinated intermediate is obtained. Then, this intermediate

s treated with 100 % F, in a sealed reactor under reduced pressure

(20 mmHg) (see EP-A-0 657 457, Examples 1 and 2).

(4) A 1,4-diazabicycloalkane is reacted with a trialkyl-

silylester (Me3SiOSO,CFj), folbwed by fluorination with F, (see EP-



10

15

20

25

CA 02201604 2001-06-22

A-O 657 457, Example 6).

(5) A 1,4-diazabicycloalkane-monotrifluoroborane is

reacted with perfluorobutyl chloride in the presence of NaBF, and 1-

perfluorobutyi-1,4-diazoniabicycloalkane-trifluoroborane tetra-

fluoroborate is obtained. Then, this tetrafluoroborate is fluorinated

with F2 in the presence of NaBF,4 (see EP-A-0 657 457, Example 7).

However, these recently developed processes are not

industrially advantageous since they have the following

material drawbacks in industrial applicability:

In the process (1), the product is obtained as a mixture

with the unreacted raw materials, and a metal fluoride which is

another product of the reaction induces the decomposition of the

desired product. Therefore, it is difficult to isolate the desired

product in the pure form. Furthermore, it is difficult to remove the

Insoluble metal salt from the product having the low solubility.

In the process (2), a large amount of solvent is
necessary, for example, 25 ml of CH3CN per 1 mmol of the diaza-
bicycloalkane. This is particularly true when a N,N’-difluorodiazoniabicyclo-
alkane bis(tetrafluoroborate) which is a useful fluorinating agent is

prepared. The yield of the product is low. Furthermore, the product
s obtained as a mixture of the raw material, its monofluoride and
the desired product and the obtained mixture is a hygroscopic solid

and decomposes through moisture absorption. Therefore, the

purification of the product is impossible.

The process (3) is highly dangerous since fluorination is

carried out in a sealed reactor under reduced pressure (F, pressure

of 20 mmHg) with contact of extremely dangerous 100 % F, gas,

which may ignite and explode when it comes in contact with the-
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organic solvent around atmospheric pressure to increase the yield,
to the reaction solution in the organic solvent.
The process (4) uses the expensive trialkylsilyl ester,

and Is also dangerous since a large amount of volatile trialkylsilyl

fluoride which is generated as a by-product reacts with F»

vigorously and may explode.

The process (5) must use the expensive perfluoro-
alkanoyl fluoride, and requires a large amount of the solvent like the
process (2). The yield is low. Furthermore, the product after post-
treatment is a mixture of the monofluoride and the desired product

iIn a ratio of 7:10, and therefore, purification of the product is

difficult.

As a result of diligent study to solve the above
problems, a novel process has been found which can prepare a
desired product of high purity by fluorinating a diazabicycloalkane

in the presence of a Brgnsted acid, and if necessary treating the

product with an acid and the Iiké.

That is, the objects of the present invention are to solve
the above described problems, and to provide a process for easily
preparing a N,N’-difluorodiazoniabicycloalkane salt of high purity,
which is a useful fluorinating agent, from a cheap raw material in a
high vyield, a useful intermediate for the synthesis of said salt, a '
desired product and use of the desired product.

In a broad sense, the present invention provides a

process for preparing a N,N’-difluorodiazoniabicycloalkane salt of

the formula (l):
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A
AN
R'HC C\RZHS NCHR!

(CHZ)n

/

R'HC. CR®‘R® CHR?

\N/ (1)
"

F
wherein R1, R2, R3, R* and R> each independently represent a

hydrogen atom, a C1-Cg alkyl group, an aryl group, a C4-Cg alkyl
group-substituted aryl group or an aryl group-substituted C1-Cg
alkyl group, (X1)- and (X2)- each independently represent a

conjugated base of a Brgnsted acid or together form a single

conjugated base of a Bronsted acid, and nis 0, 1 or 2.

The above aryl group is preferably a Cg-C49 aryl group.

In the first embodiment of.the present invention, a N,N’-

difluorodiazoniabicycloalkane salt of the formula (I) is prepared by

reacting fluorine (Fz) and a diazabicycloalkane of the formula (I1):

(1)

wherein R1, R2, R°, R4, R5 and n are the same as defined above. in the
presence of a Bregnsted acid.
The diazabicycloalkane of the formula (Il) may be a

known compound and readily available or easily prepared by an
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analogous method to those for the preparation of the known

compounds (see JP-A-6-25247 and US Patent No. 5,086,178).

In particular, the compound of the formula (Il) in which
R1, R2, R2, R4 and R5 are all hydrogen atoms and n is 0 (1,4-diaza-
bicyclo[2.2.2]octane) is commercially produced and sold under the
trade mark of DABCO (available from Air Products and Chemicals,
Inc.) and the like for the preparation of polyurethane foams,
elastomers, epoxy resins, polyacrylonitrile, polyethylene, and their

analogous materials.

The above process of the present invention is characte-

rized in that the fluorination reaction is carried out in the presence

of a Bronsted acid.
When the N,N’-difluorodiazoniabicycloalkane salt of the

formula (I) in which the anions (X‘)f and (X2)- are the same anion is
prepared, an acid is used, while when the anions (X')- and (X2)- are

different, at least one acid is used.
Preferred Brgnsted acids are those having an acidity
equal to or larger than that of trifluoroethanol known as a weak acid

(having an acid dissociation constant pKa of 12.4. see J. Org. Chem.,

32, 1217 (1967)). Bronsted acids having pKa equal to or smaller

than pKa of acetic acid, that is, 4.6 are more preferable for

performing the reaction in a good vyield.

Preferable examples of the Brgnsted acid having pKa in
the range between about 12.4 and 4.6 are halogenated alcohols (e.g.
trifluoroethanol, chlorodifluoroethanol, dichlorofluoroethanol,

trichloroethanol, tetrafluoropropanol, pentatiuoropropanol,

hexafluoroisopropanol, octafluoropentanol, hexafluoro-t-butanol,

chlorooctafluoro-t-butanol, etc.), halogen-oxoacids (e.q. .
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hypochlorous acid, hypobromous acid, hypoiodous acid, etc.), boric
acid, carbonic acid, silicic acid, and the like.
Many known inorganic and organic acids are exemplified

as the Bronsted acids having pKa of 4.6 or less. Preferred examples

are hydrogen halides; oxoacids of phosphorus (e.g. phosphoric acid,
metaphosphoric acid, pyrophosphoric acid, diphosphoric acid,
triphosphoric acid, tetraphosphoric acid, polyphosphoric acid,
phosphorous acid, hypophosphorous acid, etc.); oxoacids of nitrogen
(e.g. nitric acid, nitrous acid, :etc.); oxoacids of sulfur (e.g. sulfuric
acid, sulfurous acid, thiosulfuric acid, dithionic acid, pyrosulfuric
acid, disulfuric acid, polythionic acid, etc.); oxoacids of selenium or
tellurium (e.g. selenic acid, selenious acid, tellurous acid, etc.);
halosulfonic acids (e.g. fluorosulfonic acid, chlorosulfonic acid,
etc.); monoalkylsulfuric acids (e.g. monomethylsulfuric acid,
monoethyisulfuric acid, etc.); alkanésulfonic acids (e.g. methane-
sulfonic acid, ethanesulfonic acid, propanesulfonic acid, butane-
sulfonic acid, etc.); haloalkanesulfonic acids (e.g. trifluoromethane-
sulfonic écid, difluoromethanesulfonic acid, trichloromethane-
sulfonic acid, trifluoroethanesulfonic acid, nonatiuorcbutane-

sulfonic acid, etc.); alkane- or haloalkanedisulfonic acids (e.qg.

- methanedisulfonic acid, ethanedisulfonic acid, tetrefluoroethane-

disulfonic acid, propanedisulfonic acid, butanedisulfonic acid,

pertfluorobutanedisulfonic acid, etc.); arenesulfonic acid (e.qg.

benzenesulfonic acid, pentafluorobenzénesulfonic acid, toluene-
sulfonic acid, nitrobenzenesulfonic acid, dinitrobenzenesulfonic
acid, bromobenzenesulfonic acid, etc.); arenedisulfonic acids (e.g.

benzenedisulfonic acid, naphthalenedisulfonic acid, etc.); alkanoic or

haloalkanoic acids (e.g. formic acid, acetic acid, propionic acid,
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trifluoroacetic acid, trichloroacetic acid, pentafluoropropionic acid,
etc.); oxalic acid; alkane- or haloalkanedicarboxylic acids (e.g.
methanedicarboxylic acid, ethanedicarboxylic acid, propanedicarbo-
xylic acid, tetrafluoroethanedicarboxylic acid, pertluoropropane-
dicarboxylic acid, perfluorobutanedicarboxylic acid, etc.); alkane-
diphosphonic acids (e.g. methanediphosphonic acid, etc.), compounds
comprising hydrogen halides and Lewis acids (e.g. HBF4, HBCly,
HBCI3F, HBoF7, HAIF4, HAICI4, HAICI3F, HAsF4, HAsFg, HASCI3F,
HAs2F 11, HPF4, HPFg, HSbF4, HSbCly, HSbFg, HSbClsF, HSbClg, HSb,F,
HSboF 11, HSIiFs, HaSiFg, H(CF3)3BF, H(CgH2F3)3BF, H(CgFs5)BF, HNbFg,
HTaFg, HTeF7, HTiF5, HVFg, HZrF5, etc.); oxoacids of halogens (e.q.
HCIO3, HCIO4, HBrOy4, HIO3, HIO4, etc.); tetraarylboric acids, (e.g.
tetra[di(trifluoromethyl)phenyllboric acid, etc.); and the like.

Among the above exemplified Brensted acids, those
having pKa smaller than pKa of hydrogen fluoride (HF), that is, 3.17
are particularly preferred for preparing the highly pure N,N’-
difluorodiazoniabicycloalkane salt of the formula (I) in a high yield.

The Brgnsted acid used in the preseht invention may be
used in the form of a complex with ethers (e.g. diethyl ether, dibutyl
ether, t-butyl methyl ether, dimethyl ether, etc.); sulfides (e.g.
dimethyl sulfide, diethyl sulfide, etc.); water; alcohols (e.qg.
methanol, éthanol, propanol, etc.); nitriles (e.g. acetonitrile,
propionitrile, etc.); carboxylic acids (e.g. formic acid, acetic acid,
etc.); and the like. The Brgnsted acid may be used in the form of an
agqueous solution.

When the Bregnsted acid is a monobasic one, the amount
of the acid is at least 0.9 mole per 1 mole of the diazabicycloalkane

of the formula (ll). Preferably, the amount of the Breonsted acid ‘is
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at least 1 mole, more preferably at least 1.5 moles in view of the
yield. When the acid dissociation constant pKa is 4.6 or less, the
amount of the Brgnsted acid is between 0.9 and 5 moles, more
preferably between 1 and 3 moles in view of the yield or costs. To
perform the reaction at high efficiency and yield, the amount of

ihe Bronsted acid is preferably between 1.5 and 2.5 moles, In
particular between 1.8 and 2.2 moles.

When the Brgnsted acid is a dibasic one, the amount of

the acid is at least 0.45 mole per 1 mole of the diazabicycloalkane
of the formula (lI). Preferably, the amount of the Bregnsted acid is
at least 0.5 moles to obtain the product in high yield. When the

acid dissociation constant pKa is 4.6 or less, the amount of the
Brgnsted acid is between 0.45 and 5 moles, more preferably between

0.5 and 3 moles in view of the yield or costs. To perform the

reaction at high efficiency and yield, the amount of the Brensted

acid is preferably between 0.75 and 2.5 moles, In particular between
0.9 and 2.2 moles.

When the N,Nf-diﬂuorodiazoniabicycloalkane salt of the
formula (1) in which (X1)- and (X?)- together form a single conjugated
base of a Brensted acid is prepared, the amount of the dibasic acid
is preferably in the range between 0.75 and 1.3 moles, more

preferably between 0.9 and 1.2 moles per 1 mole of the

diazabicycloalkane of the formula (ll).

The Brensted acid may be used also as a solvent for the

reaction as explained below when it is a relatively weak liquid acid,

for example, the halogenated alcohols such as trifluoroethanol,

trichloroethanol, pentafluoropropanol, hexafluoroisopropanol,

tetrafluoropropanol, nonafluoro-t-butanol, etc.; hydrogen fluoride;
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or the alkanoic- or haloalkanoic acids such as formic acid, acetic

acid, trifluoroacetic acid, etc.

The fluorine (F5) used in the present invention is, in

general, a fluorine gas. While the fluorine gas may be used without

dilution, in general, it is preferable to use the fluorine gas diluted
with an inert gas so that the volume of the inert gas is between

99.9 % and 30 % to control the vigorous reaction.

The inert gas may be nitrogen, helium, argon gas, etc.

In general, the reaction proceeds with blowing the
fluorine gas or diluted fluorine gas in or on the reaction mixture.
The reaction gas may be circulated for increasing the reaction
efficiency. Alternatively, the reaction may proceed with supplying

the fluorine gas or diluted fluorine gas in the reactor under

subatmospheric pressure.

The amount of the fluorine may not be uniformly
determined since it varies with the introduction manner, reaction
solvent, reaction temperature, reactor, and the like, but can be
easily determined by a person skilled in the art with aiming at an

amount required for the absorption of the fluorine to substantially

cease.

The reaction in the process of the present in'vention IS
preferably carried out in a solvent.

Preferred examples of the solvent are C,-Cg nitriles '(e.g.
acetonitrile,‘ propionitrile, butyronitrile, isobutyronitrile, valero-
nitrite, isovaleronitrile, etc.); C4-Cg halohydrocarbons (e.g.
methylené chloride, chloroform, carbon tetrachloride, chlioro-
triffluoromethane, bromotrifluoromethane, dichloroethane, tetra-

chloroethane, tetrafluoroethane, chlorotrifluoroethane, tfichloro-
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trifluoroethane, perfluorobutane, perfluorohexane, perfluorooctane,
etc.); water; C1-Cs alcohols or halogenated alcohols (e.g. methanol,
ethanol, propanol, isopropanol, butanol, isobutanol, sec.-butanol, t-

butanol, trifluoroethanol, trichloroethanol, hexafluoroisopropanol,
pentafluoropropanol, tetrafluoropropanol, hexafluorobutanol,
nonafluoro-t-butanol, octafluoropentanol, nonafluoropentanol, etc.);

hydrogen fluoride; phosphoric acid; C4-C4 alkanoic or haloalkanoic

acids (e.g. formic acid, acetic acid, propionic acid, butanoic acid,

trifluoroacetic acid, pentafluoropropionic acid, heptafluorobutanoic

acid, etc.); and mixtures thereof. |

Among them, the C»-Cg nitriles, C1-Cs halogenated
alcohols, C4-C4 alkanoic acids or haloalkanoic acids or their
mixtures are preferable for performing the reaction effectively and
obtaining the product in the high yield.

The reaction temperature is usually in the range between
about -100°C and about +80°C. Preferably, the reaction temperature
Is in the range between -80°C énd +50°C for performing the reaction
at the high yield of the product.

When the amount of the Bronsted acid is less than 2
moles per 1 mole of the diazabicycloalkane of the for'mula (1), it
may be preferable in some cases to supplement the acid in the
reaction liquid or mixture after the reaction step so that the total
amount of the acid used in the reaction and the supplemented acid
becomes 2 moles or more to improve the stability of the produced
N,N’-difluorodiazoniabicycloalkane salt of the formula (l) or
Increasing the yield after isolation and purification.

When the used Bronsted acid is a dibasic one and

therefore the N,N’-difluorodiazoniabicycloalkane salt of the formula
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(1) in which (X7)- and (X2)- together form the single conjugated base
of the Bronsted acid is prepared, and the. amount of the acid used in
the reaction step is less than 1 mole, it is preferable to supplement
the acid in the reaction liquid or mixture after the reaction step so
that the total amount of the acid used in the reaction step and the

supplemented acid becomes 1 mole or more or at most 1.1 moles.

After the supplement of the acid, the reaction mixture is post-

treated by any conventional method.

In. the second embodiment of the present invention, a

N,N’-ditfluorodiazoniabicycloalkane salt of the formula (l) is

prepared by reacting fluorine and a Bregnsted acid salt of a

diazabicycloalkane of the formula (lll):

H |

N
‘Hc/cézﬂa\
(CH2)n (X‘l)'

/
R'HC. CR*RS CHR'
o \\N/ (1)

wherein R1, R2, R3, R4, R5, n and (X!)- are the same as defined above,

CHR?

in the presence or absence of a Brognsted acid.

The Bregnsted acid salt of the diazabicycloalkane of the

formula (lll) used as the starting material in the above reaction is

readily prepared by mixing the diazabicycloalkane of the formula (i)
and an equimolar amount of the above Bransted acid.

When the compound of the formula () in which (X1)- and
(X2)- independently represent the same or different conjugated

bases of the Bronsted acids is prepared, the above reaction is
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preferably carried out in the presence of the Breonsted acid. When
the compound of the formula (1) in which (X2)- is a fluoride or HF-

added fluoride ion, the above reaction is preferably carried out in
the absence of the Bronsted acid. When the Bronsted acid is used in
this reaction, it may be the same as those exemplitied above.

When the use of the Brgnsted acid is preferred, the

amount of the acid is at least 0.5 mole per 1 mole of the Bonsted

acid salt of diazabicycloalkane of the formula (I1). When the acid

dissociation constant pKa is 4.6 or less, the amount of the acid is
preferably between 0.5 and 2 moles from the viewpoint of yield and costs.

The amount of the acid is more preferably between 0.5 and 1.5

moles, in particular between 0.8 and 1.2 moles for performing the

reaction at high efficiency and high yield. '
The above reaction is preferably carried out in the

absence of the Bronsted acid, when (X1)- in the formula (lil) used as

the starting material in the above reaction is a conjugated base (HA-)

of a dibasic acid (HoA) in the first dissociation state and (X1)- and

(X2)- in the product of the formula (l) together form a conjugated

base (A2") of the dibasic acid in the second dissociation state.

‘The form of fluorine (F2) used in this reaction is the

same as that described above. The preferred solvent and reaction

temperature employed in this reaction are the same as those

described above.

In the third embodiment of the present invention, a N,N’-

difluorodiazoniabicycloalkane salt of the formula (l) is prepared by

reacting fluorine (F2) and a Bronsted acid salt of a

diazabicycloalkane of the l formula (IV):
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(X") (X3
R'HC. CRRS CHR!
\\ e , (V)

wherein R, R2, R3, R4, RS, n, (X1)- and (X2) are the same as defined

above, in the presence or absence of a base.

The Bronsted acid salt of a diazabicycloalkane of the
formula (IV) used in the above reaction can be easily prepared by
mixing the diazabicycloalkane of the formula (lI) and at least one of
the above described Brgnsted acids.

The base used in this reaction may be the diazabicyclo-

alkane of the formula (ll) or a base which is conventionally used in

organic chemistry. To obtain the desired product in high yield

and efficiency, a base from which a by-product soluble in a solvent
Is derived In the reaction with the fluorine (F2) is preferably used.
Examp‘les of such a base are amines (e.g. ammonia, methylamine,
dimethylamine, trimethylamine, ethylamine, diethylamine,
triethylamine, benzylamine, benzyltrimethylamine, 1,4-diaza-
bicyclo[2.2.2]octane, etc.); ammonium compounds (e.g. ammonium
hydroxide, ammonium carbonate, tetramethylammonium hydroxide,
tetrabutylarﬁmonium hydroxide, benzyltrimethylammonium
hydroxide, tetramethylammonium carbonate, tetraethylammoniurﬁ
carbonate, tetrabutylammonium carbonate, tetramethylammonium

tluoride, tetramethylammonium "fluoride hydrate, tetraethyl-

ammonium fluoride, tetraethylammonium fluoride hydrate,
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tetrabutylammonium fluoride, tetrabutylammonium fluoride hydrate,
tetramethylammonium formate, tetraethylammonium acetate,
tetraethylammonium acetate hydrate, tetrabutylammonium acetate,
etc.); and the like.

The amount of the base is usually less than 1 mole per 1
mole of the Bronsted acid salt of the diazabicycloalkane of the
formula (IV). To obtain the product of high purity, the amount of the
base is preferably 0.2 mole or less. More preferably, the amount of

the base is 0.1 mole or less from the viewpoint of yield and costs.

The form of fluorine (F2) used In this reaction is the

same as that described above. The preferred solvent and reaction
temperature employed in this reaction are the same as those
described above.

An HF addition salt may be formed when at least one of
the acid dissociation constants pKa of the dibasic acid in the first
and second dissociation states is close to or larger than pKa of

hydrogen fluoride (HF), that is, 3.17, in the case where the process

of the present invention consists of or comprises the reaction with

the fluorine which will be explained below. In this case, to prepare
the N,N’-difluorodiazabicycloalkane salt of the formula (1) in which
(X1)- and (X2)- together form a single conjugated base of the
Bregnsted acid, the HF addition salt is subjected to a treatment to
remove HF, for example, heating, vacuum drying, azeotropic
boiling, and the like.

In the fourth embodiment of the present invention, a
highly pure 'N,N’-difluorodiazoniabicycloalkane salt of the formula
(1) is prepared in a high yield by réacting an acid or salt and a N,N’-

difluorodiazoniabicycloalkane salt of the formula (I’):
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+

AN

R® CHR®

F
|
i

Tor

CHo),,

R'HC. CR*RS CHR'

F
wherein (X?)- and (X2)- each indepently represent a

(X") (XEY

(r)

conjugated base of a Bronsted acid or together form a single
conjugated base of a Bronsted acid, and R1, R2, R3, R4, RS and n are
the same as defined above, which is obtained in the above described

reaction, for inducing a counter anion exchange reaction.

The counter anion exchange reaction is preferably

carried out using an acid to effectively produce the highly pure product.

In the above reaction, the acid may be a Brensted acid or
Lewis acid.

The Brgnsted may be the same as those described above.

The Lewis acid may be one having substantially the same

acidity as that of a Brgnsted acid having an acid dissociation

constant pKa of about 12.4 or less. The Lewis acid, which reacts
with HF and forms a Brgnsted acid having an acid dissociation
constant of \4.6 or less, in particular, less than 3.17, is preferable.
Examples of such a' Lewis acid are BFj, BCl3, BBr3, AskF3, AsFs, PFa,
PFs, PCls, SbF3, SbCls, SbFs, SbF3Cls, SbCls, AlF3, AICl3, SiF4, SOs,
(CF3)3B, (CgH2oF3)3B, (CgFs)3B, NbFs, SeOs, TaFs, TeFg, TiF4, VF5, ZrF4,
and the like. '

. — .
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The acid used in the above counter ion exchange reaction,

that is, the Brensted acid or Lewis acid may be used in the form of

~an aqueous solution or a complex with ethers (e.g. diethyl ether,
dibutyl ether, dimethyl ether, t-butyl methyl ether, etc.); sulfides
5 (e.g. dimethyl sulfide, diethyl sulfide, etc.); water; alcohols (e.g.
methanol, ethanol, propanol, etc.); nitriles (e.g. acetonitrile,
propionitrile, etc.); carboxylic acids (e.g. formic acid, acetic acid,
etc.); and the like. ' _
As the acid used in the above reaction, the Brgnsted acid
10 is preferred to obtain the product in high yield.

The salt used in the above reaction may be the salt of

the above described Brgnsted acid. Preferred salts are metal salts,
ammonium salts and phosphonium salts of the above exemplified
Bronsted acids. Among them, .the metal and ammonium salis are
15 ~preferred to obtain the product of high purity at a low cost. In
particular, the ammonium salts are preferred since the product is
obtained in high vyield.
Preferred examples of the ammonium moiety of the
ammonium salt are ammonium, monomethylammonium, dimethyl-
20 ammonium, trimethylammonium, tetramethylammonium, diethyl-
ammonium, triethylammonium, tetraethylammonium, tetrabutyl-
ammonium, benzyltrimethylammonium, benzyltriethylammonium,
(hydroxyethyl)trimethylammonium, (hydroxyethyl)trie.thyl-
ammonium, pyridinium, N-methylpyridinium, quinolinium, and the
25 like, and preferred examples of the metal salts are alkali metal

salts and alkaline earth metal salts.

The amount of the acid or salt is selected from a range

between 0.75 and 1.3 moles per 1 mole of the compound of the

B it it Ll T T i —— f—




10

15

20

25

]

CA 02201604 2001-06-22

- 17 -

formula (I’) when either one of (X1)- and (X2)- in the formula (') is
exchanged through the counter anion exchange reaction. However,
1.3 moles or more of the acid or salt may be used. In such a case,
preterably the amount of the acid or salt does not exceed 10 moles
from an economical point of view.

The amount of the acid or salt is preferably at least 1.5

moles per 1 mole of the compound of the formula (I') when both (X1)-

and (X2)- in the formula (I') are exchanged. Preferably, the amount
of the acid or salt does not exceed 10 moles from an economical
point of view.

When the N,N’-difluorodiazoniabicycloalkane salt of the
formula (I) in which (X1)- and (X2)- together form the single conju-
gated base of the Brensted acid is prepared, the amount of the
dibasic acid or its salt is preferably in a range between 0.75 and 1.3

moles, more preferably between 0.9 and 1.2 moles per 1 mole of the

compound of the formula (I).

The counter anion exchange reaction is preferably carried

out in a solvent.

Examples of the solvent are C,-Cs nitriles (e.g. aceto-
nitrile, propionitrile, butyronitrile, isobutyronitrile, valeronitrile,
isovaleronitrile, etc.); water; C{-Cs alcohols or halogenated alcohols l
(e.g. methanol, ethanol, propanol, isopropanol, butanol, isobutanol,

sec.-butanol, t-butanol, trifluoroethanol, trichloroethanol,

tetrafluoropropanol, pentafluoropropanol, hexafluoroisopropanol,
hexafluorobutanol, nonafluoro-t-butanol, octafluoropentanol,
nonafluoropentandl, etc.); hydrogen fluoride; C4-C4 alkanoic or
haloalkanoic acids (e.g. formic acid, acetic acid, propionic acid,

butanoic acid, trifluoroacetic acid, tetrafluoropropionic acid,
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pentafluoropropionic acid, heptafiuorobutanoic acid, etc.); and mixtures
thereof.

The reaction temperature is usually selected from a range
between about --_100°C and about +80°C. Preferably, the reaction
temperature is between —-80°C and +50°C to perform the reaction in
high yield.

According to the fifth embodiment of the present invention, |
a N,N’-difluorodiazoniabicycioalkane salt of the formula () can be
produced in high yield by reacting the diazabicycloalkane of the formula
(I1) and the fluorine (F2) in the presence of a Brgnsted acid, followed by
reaction with an acid or salt.

The Brensted acid used in this reaction may be the above
exemplified ones. Among them, the oxoacids of sulfur are preferred
from the viewpoint of yield and costs. In particular, sulfuric acid is
preferable because of its easy availability.

That is, the N,N’-difluorodiazoniabicycloalkane salt of the
formula (I) can be produced with high purity at high yield by reacting the
diazabicycloalkane of the formula (I1) and the fluorine (F2) in the '
presence of the Bransted acid, preferably sulfuric acid. and then
reacting the intermediate product and the acid or salt.

The above process comprises the first step for reacting the
diazabicycloalkane of the formula (ll) and the fluorine in the presence of
the Brensted acid, and the second step for treating the intermediate
product obtained in the first step with the acid or salt. These steps will

be explained below by referring to a case where sulfuric acid which is

particularly preferred as the Brgnsted acid is used.
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First step
Sulfuric acid used in this step is readily available as an

inexpensive industrial raw material.

The form and amount of the fluorine (F;) used in this step
are the same as described above.

The amount of sulfuric acid is preferably at least 0.45 mole,
more preferably between 0.45 and 5 moles, in particular between 0.5
and 3 moles per 1 mole of the diazabicycloalkane. Furthermore, the
amount of sulfuric acid is desirably between 0.75 and 2.5 moles, more
desirably between 0.9 and 2.2 moles from the viewpoint of high

efficiency and yield.

A solvent is preferably used to perform the reaction in this
step. Preferred examples of the solvent are C,-Cs nitriles (e.g.'
acetonitrile, propionitrile, butyronitrile, isobutyronitrile, valeronitrile,
isovaleronitrile, etc.); C4-Cg halohydrocarbons (e.g. methylene chloride,
chloroform, carbon tetrachloride, chlorotrifluoromethane,
bromotrifluoromethane, dichloroethane, tetrachloroethane.
tetrafluoroethane, chlorotrifluoroethane, perfluorobutane,
perfluorohexane, perfluorooctane, etc.); water; C4-Cs alcohols or
halogenated alcohols (e.g. methanol, ethanol, propanol, isopropanol,
butanol, isobutanol, sec.-butanol, t-butanol, trifluoroethanol,
trichloroethanol, hexafluoroisopropanol, pentafluoropropanol,
tetrafluoropropanol, hexafluorobutanol, nonafluoro-t-butanol,
octafluoropentanol, nonafluoropentanol, etc.); hydrogen fluoride: C,-C.
alkanoic or haloalkanoic acids (e.g. formic acid, acetic acid, propionic
acid, butanoic acid, trifluoroacetic acid, tetrafluoropropionic acid,

pentafluoropropionic acid, heptafluorobutanoic acid, etc.); and mixtures

thereof.

Among them, the C,-Cs nitriles, C4-Cs alcohols or
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halogenated alcohols, C{-C4 alkanoic or haloalkanoic acids or their

mixtures are preferred to effectively perform the reaction and to obtain the

product in high vyield.

The reaction temperature is usually in the range between
about -100°C and about +80°C. Preferably, the reaction temperature
Is in the range between -80°C and +50°C to perform the reaction with

high yield of the product.

Second step
In this step, the desired N,N’-difluorodiazoniabicyclo-

alkane salt is obtained by reacting the acid or salt with the reaction

liquid containing the N,N’-difluorodiazoniabicycloalkane sulfate

and/or di(hydrogensulfate) or hydrogensulfate/fluoride, hydrogen-
sulfate/HF-addition fluoride, and the like.

The reaction in the second step comprises the counter

anion exchange reaction for the N,N’-difluorodiazoniabicycloalkane

salt formed in the first step. The acid is preferably used for the

In this reaction, a Brensted acid or Lewis acid can be

used as the acid. The Brgnsted acid or Lewis acid may be the same

as described above. As in the above described case, the BranSted acid

~or Lewis acid may be used in the form of an aqueous solution or in

the form of a complex with ethers (e.g. diethyl ether, dimethy!
ether, dibufyl ether, t-butyl methyl ether, etc.); sulfides (e.q.
dimethyl sulfide, diethyl sulfide, etc.); water; alcohols (e.g.
methanol, ethanol, propanol, etc.); nitriles (e.g. acetonitrile,
propionitrile, etc.); carboxylic acids (e.g. formic acid, acetic acid.

etc.); and the like.
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The salt may be the salt of the above described Bronsted

acid. Among the salts, the metal and ammonium salts are preferred

 to obtain the highly pure product at a low cost. In particular,

the ammonium salts are preferred since the product is obtained in

an effectively high vyield.
Preferred examples of the ammonium moiety of the

ammonium salt are ammonium, monomethylammonium, dimethyl-

ammonium, trimethylammonium, tetramethylammonium, diethyl-

ammonium, triethylammonium, tetraethylammonium, tetrabutyl-
ammonium, benzyltrimethylammonium, benzyltriethylammonium,
(hydroxyethyl)trimethylammonium, (hydroxyethyl)triethyl-

ammonium, pyridinium, N-methylpyridinium, quinolinium, and the
like, and preferred examples of the metal salts are alkali metal

salts and alkaline earth metal salts.

The amount of the acid or salt is at least 0.8 mole per 1

mole of the diazabicycloalkane used in the first step, preferably at

least 0.9 mole in view of the yield, and more preferably 10 moles or

less in view of the costs.

When N,N’-difluorodiazoniabicycloalkane salt of the
formula (I) in which (X')- and (X2)- are the same (except a case
where (X1)- and (X2)- are the conjugated base of the Bransted acid
used in the first step), the amount of the acid or salt is' preferably

at least 1.5 moles, more preterably at least 1.7 moles, particularly

at least 1.8\moles in view of the yield, and does not exceed 10
moles preferably from an economical point of view.

When the N,N’-difluorodiazoniabicycloalkane salt of the
formula (I) in which (X1)- and (X2)- together form the single conju-

gated base of the Bronsted acid is prepared, the amount of the
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dibasic acid or its salt is preferably in a range between 0.75 and 1.3
moles, more preferably between 0.9 and 1.2 moles per 1 mole of the
diazabicycloalkane. An HF addition salt may be formed, when the
dibasic acid or its salt is used and at least one of the acid dissocia-
tion constants pKa of the dibasic acid in the first and second
dissociation states is close to or larger than the pKa of hydrogen

fluoride (HF), that is, 3.17. Such a HF addition salt is subjected to

treatment to remove HF, for example, heating, vacuum drying,

‘azeotropic boiling, and the like.

The reaction in the second step can be carried out by
adding the acid or its salt or a compound containing the acid or salt
to the reaction liquid obtained in the first step.

The reaction temperature is usually selected from a
range between about -100°C and about +80°C. Preferably, the
reaction temperature is between -80'°C and +50°C from the
viewpoint of yield and reaction efficiency.

For the post treatment of the reaction miXture, the
desired product can be easily isolated by filtration, when it is
obtained in the form 6f a precipitate.

In the sixth embodiment of the present invention, a N, N’-

difluorodiazoniabicycloalkane salt of the formula () is also

~ prepared In a high yield by reacting fluorine (F2) and a monoBrgnsted

acid salt of a diazabicycloalkane of the formula (III'):
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- (CHy), X"y
RHC_ CRR® _(Ghp .
NN (i)
wherein R1, R2, R3, R4, RS, n and (XV')- are the same as defined above

in the presence or absence of a Brgnsted acid, and then reacting the

intermediate product and an acid or salt.

This process comprises the step i) for reacting the

fluorine and the monoBrznsted acid salt of the diazabicycloalkane of

the formula (lII’) in the presence or absence of a Brensted acid, and

the step ii) for treating the intermediate product obtained in the

step i) with an acid or salt. These steps will be explained below in

detail.

oStep i)

The monoBronsted acid salt of the diazabicycloalkane of

the formula (lI’) used as the starting material in the step ) is
readily prepared by mixing the above diazabicycloalkane of the
formula (ll) with an equimolar amount of the Brensted acid.

The Breonsted acid used in this reaction may be one of
those exemplified above.

The Bronsted acid may not be used when (X')- in the
compound of the formula (III’) used as the starting material in this
step Is a conjugated base (HA-) of a dibasic acid in the first
dissociation step (described below), while the Bronsted acid may be

preterably used in some cases depending on the acidity of the
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dibasic acid in the second dissociation state.
The Brgnsted acid may not be used when (XV)- in the

compound of the formula (III') used as the starting material in this

step is a conjugated base (A-) of a monobasic acid (described
below), while the Bronsted acid may be preferably used to
obtain the product in good vyield.

When the use of the Bronsted acid is preferred, its
amount is preferably at least 0.1 mole per 1 mole of the mono-
Bronsted acid salt of the diazabicycloalkane of the formula (HI') in
view of the yield. Furthermore, when the acid dissociation constant

pKa is 4.6 or less, the amount of the Bronsted acid is preferably
between 0.1 and 2 moles in view of the yield and costs. For
effectively performing the reaction at high vield, the amount of

the Bronsted acid is preferably between 0.2 and 1.5 moles, in
particular between 0.8 and 1.2 moles. .

The form of the fluorine (F2), reaction solvent and
reaction temperature in this step are the same as those employed In
the above described first step.

Step i)

In this step, the acid or salt is reacted with the solution
containing the N,N’-difluorodiazoniabicycioalkane salt obtained in

the step i), and the desired N,N’-difluorodiazoniabicycloalkane salt

of the formula (1) is obtained.

The reaction in the step ii) comprises a counter anion
exchange reaction for the N,N’-difluorodiazoniabicycloalkane sali.
The acid is preferably used for preparing the product of high purity

effectively.

The acid used in this reaction may be the above exempli-




10

15

20

25

CA 02201604 2001-06-22

- 95 -

fied Brensted acids or Lewis acids. The acid may be used in the

form of a complex with various compounds, or in the form of an

aqueous solution as described above.

Examples of the salt are the same as those exemplified

in the above described second step.

The amount of the acid or salt, reaction temperature,

reaction manner and post-treatment are the same as those in the
above second step. '

In the seventh embodiment of the present invention, a

N,N’-difluorodiazoniabicycloalkane salt of the formula (I) is

prepared in a high yield by reacting fluorine (F5) and a Brensted acid

salt of a diazabicycloalkane of the formula (IV’):

CH,), XY (XBY

N, (V')

wherein R1, R2, R3, R4, R5, n, (X')- and (X2')- are the same as defined
above, in the presence or absence of a base, and then reacting the
intermediate product and an acid or salt.

.The Brensted acid salt of the diazabicycloalkane of the

formula (IV’) is readily prepared by mixing the diazabicycloalkane of

the formula (ll) and at least one of the above exemplified Bregnsted

acid. Among them, the oxoacids of sulfur are preferred in view of

yield and costs. In particular, sulfuric acid is preferable because

of easy availability.
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The above process will be explained by referring to a

case where sulfuric acid, which is particularly preferable as the

Bronsted acid, is used.

That is, the highly pure N,N’-difluorodiazoniabicyclo-
alkane salt of the formula (l) is prepared in high vyield by

reacting the fluorine (F2) with a sulfate salt of a diazabicycloalkane

of the formula (V):

/ SO,%
. R’HC\C{{"RS/CHF\”
_ (V)

and/or the formula (V’):

| M
N+
LN
\

R'HC CHR'

(CHz)n

/

R'HC CR4R5 CHR
. \\N/ o (V')

wherein R1, R2, R3, R4, R5 and n are the same as defined above,

HSOy4

and/or a di(hydrogensulfate) salt of a diazabicycloalkane of the

formula (VI):
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T

N+
// R‘*\
\(CHZ)n

R'HC” CR? CHR'

2( HSOy")

CHR'

/
R1HC\C<;RS/ (VI
H+

wherein R1, R2, R3, R4, R5 and n are the same as defined above, in the

presence or absence of a base, and then reacting the intermediate
product and an acid or salt.

This process comprises the step A for reécting the
fluorine and the sulfate and/or di(hydrogensulfate) salt of thé
formulas (V), (V') and (VI) and the step B for treating the reaction

product from the step A with the acid or salt. Each step will be

explained below.

Step A
The sulfate or di(hydrogensulfate) salt of the formulas

(V), (V') or (VI") are readily prepared by reacting 1 or 2 equimolar
amounts of sulfuric acid and 1 equimolar amount of the diazabicyclo-
alkane of the formula (Il).
The form and amount of the fluorine (F2) and the kind and
amount of the base are the same as those explained above. The
reaction solvent and reaction temperature preferably used in this

slep are the same as those employed in the above described first
step. '

Step B '

In the step B, the reaction product obtained in the step A

is treated with the acid or salt, and the procedures are the same as

those explained in the above second step. The acid is preterably
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used for preparing the highly pure product effectively. The kind and
amount of the acid or salt used in this step and the reaction

temperature and the like are the same as those employed in the

above second step.

It Is apparent that when the diazabicycloalkane of the
formula (ll) and the Brensted acid are reacted according to the
present invention, the acid readily performs an acid-base reaction
with the diazabicycloalkane as a base according to the following
reaction schernes-and forms various kinds of salts depending on the

amount and acidity of the acid.

For example, when the acid is a monobasic Brgnsted acid
(HA):

Reaction scheme A

_ LA
R'HC C\RZRS CHR' R'HC C\F%2R3 CHR]
| HA
l /(CHz)n — I . /(CHz)n
R'HC. CR*R® _CHR? - R'HC. CR*R%® _CHR?
H A
N-l-
/
- Fz‘Hc;/c:R?F-z"\CHR1
HA \
‘__‘___i /(CHZ)n

R'HC. CR*R°® _CHR

N 7
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When the acid is a dibasic Bronsted acid (HoA):

Reaction scheme B

HH

O

HHO
(VH)z

HHO

/
V°H
H
AN

cHyHD “OH Y
“(°HD) _

mm_

H
N

7

4

"N

dO
/

“(°HD)

N

HoHD

\
e

N7

10

OH, H

_

OH,H

| V°H

15

20

. .-\‘qvm M& A
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Accordingly, the process using the presynthesized

Bronsted acid salt of the diazabicycloalkane of the formula (ll1),

- (HP), (IV), (V') (V), (V') or (VI) corresponds to the process using the

specified amount of the acid for the diazabicycloalkane, since the

monoBrgnsted acid salt of the diazabicycloalkane of the formula
(1) or (lIF), the Brensted acid salt of the diazabicycloalkane of the

formula (IV) or (IV’), the sulfate salt of the diazabicycloalkane of

the formula (V) or (V’), or the di(hydrogensulfate) salt of the diaza-
bicycloalkane of the formula (V1) is one form of these salts.
Furthermore, the use of the Brgnsted acid in an amount
of less than 2 moles per 1 mole of the diazabicycloalkane of the
formula (ll) corresponds to the addition of the same diazabicyclo-

alkane to the presynthesized Breonsted acid salt of the diazabicyclo-

alkane of the formula (IV) or (IV’). The use of the Brensted in an
amount exceeding 2 moles corresponds to the addition of the same
Bronsted acid to the presynthesized Brgnsted acid salt of the
diazabicycloalkane of the formula (1V) or (IV’).

For .example, the addition of 1 mole of the same diaza-
bicycloalkane to the Brensted acid salt of the diazabicycloalkane of
the formula (IV) or (IV’) corresponds to the use of 1 mole of the
Brgnsted acid for 1 mole of the diazabicycloalkane of the formula
(11).

The use of 1 mole of the Brgnsted acid for 1 mole of the
monoBronsted acid salt of the diazabicycloalkane of the formula
() or (lII') corresponds to the use of 2 moles of the Bronsted acid
for 1 mole of the diazabicycloalkane of the formula (Il).

The present invention also “includes a fluorinating agent

comprising the following compounds:

- Mt T L T iR 2 e sy e e Teternan et e eTr—— T
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N,N’-Difluoro-1,4-diazoniabicyclo[2.2.0]octane
di(hydrogensulfate) of the formula:

F

I+
N

2(HSO,")

f}h
F
N,N’-difluoro-1,4-diazoniabicyclo[2.2.2]octane salt of

the formula:

o
"
F(HF)n™
HSO,
o
F

wherein n is a number of 0 to 10, and a method for fluorinating

compounds using the fluorinating agent.

The coempounds which are fluorinated are organic or
iInorganic compounds, preferably organic compounds. The organic
compounds include any organic compounds such as saturated
aliphatic organic compounds, unsaturated aliphatic organic
compounds, aromatic organic compounds, condensed aromatic
organic compounds, saturated heteroaliphatic organic compounds,

unsaturated heteroaliphatic organic compounds, heteroaromatic

organic compounds, organometallic compounds, organic polymers,

and the like. Among them, nucleophilic organic compounds are

preferred.
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Among the N,N’-difluorodiazoniabicycloalkane salts of
the formula (l), N,N’-difluoro-1,4-diazoniabicyclo[2.2.0]octane
di(hydrogensulfate) and N,N’-difluoro-1,4-diazoniabicyclo[2.2.2]-
octane hydrogensulfate fluoride or its poly(hydrogen fluoride)
adduct are particularly suitable as useful intermediates or

fluorinating agents which are 'cheap and have high fluorination

efficiencies.
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EXAMPLES

The present invention will be illustrated by the
follOwing examples, which do not limit the scope of the present

invention in any way.

Example 1
Fz -
2(HSO,")
. H2804
in (CFg)zCHOH

1,1,1,3,3,3-Hexafluoro-2-propanol (40 ml) was added to
1,4-diazabicyclo[2.2.2]octane (10.0 mmol, 1.12 g) in a 200 ml egg
plant-type flask. After replaCing the internal atmosphere in the
flask with argon, the mixture was stirred to form a homogeneous

solution. Then, conc. sulfuric acid (19.9 mmol, 1.95 g, 1.1 ml) was

added to the solution.
The flask was dipped in a bath kept at -5°C, and diluted

fluorine gas (F2/N2 = 10/90 (v/v)) was blown in the solution at a
flow rate of 40 ml/min. while stirring well. The reaction was
terminated after blowing in 11,300 ml of the diluted fluorine gas (50.4

mmol of fluorine). After the residual fluorine gas was purged by

flowing nitrogen gas, the reaction mixture was allowed to warm up

10 room terﬁperature.

The crystal precipitated by the addition of diethyl ether
(50 ml) was filtered, and colorless solid N,N’-difluoro-1,4- '
diazoniabicyclo[2.2.2]octane di(hydrogensulfate) having a purity of

100 % (mole %) (3.0 g, 8.72 mmol) was obtained. Yield: 82 %.
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The properties are shown in Table 1.

Example 2

F
l-&-
N

N _ ) '
PR 2(CF3SO4")
| CF3S0O5H .
N :

in (C Fs)zCHOH | l}l
F

1,1,1,3,3,3-Hexafluoro-2-propanol (40 ml) was added to
1,4-diazabicyclo[2.2.2]octane (20.0 mmol, 2.24 g) in a 100 ml egg plant-
type flask. After replacing the internal atmosphere in the flask with
argon, the mixture was stirred to form a homogeneous solution. Then,
trifluoromethanesulfonic acid (39.0 mmol, 5.85 g) was added to the
solution.

. The flask was dipped in a bath kept at 0°C, and diluted
fluorine gas (F2/N2 = 10/90 (v/v)) was blown in the solution at a flow rate
of 50 ml/min. while stirring well. The reaction was terminated after
blowing in 26,880 ml of the di'luted fluorine gas (120 mmol of fluorine).
After the residual fluorine gas was purged by flowing nitrogen gas, the
reaction mixture was allowed to warm up to room temperature.

The solvent was evaporated off from the reaction liquid
under reduced pressure, the obtained crystalline solid was
recrystallized from acetonitrile, and N,N’-difluoro-1,4-
diazoniabicyclo[2.2.2]octane bis(trifluoromethanesulfonate) having a
purity of 100 % (5.73 g) was obtained. Yield: 64%.

The properties are shown in Table 1.
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Example 3
F
|
.
N -
F2 ]
T CFsSO.H 2(CFsS0s)
3503 .
in CH3CN NN
l +
F

Acetonitrile (12 ml) was added to 1,4-diazabicyclo-

[2.2.2]octane (3.0 mmol, 337 mg) in a 100 ml egg plant-type flask.
After replacing the internal atmosphere in the flask with' argon,
trifluoromethanesulfonic acid (5.85 mmol, 878 mg) was added to the
mixture.

The flask was dipped in a bath kept at -30°C, and diluted
fluorine gas (F2/N2 = 10/90 (v/v)) was blown in the solution at a
tlow rate of 30 mi/min. while stirring well. The reaction was
terminated after blowing in 4023 ml of the diluted fluorine gas (18

mmol of fluorine). After the residual fluorine gas was purged by

tflowing nitrogen gas, the reaction mixture was allowed to warm up

to room temperature.

The solvent was evaporated off from the reaction liquid

under reduced pressure. The residual solid was thoroughly washed

- with diethy! ether, and N,N’-difluoro-1,4-diazoniabicyclo[2.2.2]-

octane 'bis(triﬂuoromethanesulfonate) (1.13 g, yield: 84 %) was

obtained.

This product was analyzed by 'H- and 19F-NMR. The
purity of N,N’-difluoro-1,4-diazoniabicyclo[2.2.2]octane
bis(trifluoromethanesulfonate) was 95 %, and 5 % of N,N-dihydro-

1,4-diazoniabicyclo[2.2.2]octane bis(trifluoromethanesulfonate)

was contained as the impurity.
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After trifluoromethanesulfonic acid (45 mg, 0.3 mmol)

was added to the above product (1.13 g), the product was recrystallized
from acetonitrile, and N,N’-difluoro-1,4-diazoniabicyclo[2.2.2]octane
bis(trifluoromethanesulfonate) having a purity of 100 % (0.834 g)

was obtained. Yield: 62 %.

The properties are shown in Table 1.

Example 4
|
N N F(HF)
F2
H,SO,
N N (CF3)QCHOH N_,, |
I HsO

1,1,_1,S,S,S-Hexafluoro-2—pr0pan0| (12' ml) and sulfuric
acid (3.0 mmol, 0.249 g) were added to 1,4-diazabicyclo[2.2.2]octane
(3.0 mmol, 337 mg) in a 50 ml egg plant-type flask.

The flask was dipped in a bath kept at -5°C, and diluted

fluorine gas (F2/N2 = 10/90 (v/v)) was blown in the reaction liquid

at a flow rate of 30 ml/min. while stirring well. The reaction was

terminated after blowing in 4032 ml of the diluted fluorine gas (18

mmol of fluorine). After the residual fluorine gas was purged by

flowing nitrogen gas, the reaction mixture was allowed to warm up

to room temperature.
The reaction liquid was concentrated under reduced
pressure. After adding methylene chloride, the formed crystal was

filtered. The obtained crystal was thoroughly washed with

methylene chloride, and colorless solid N,N’-difluoro-1,4-diazonia-

bicyclo[2.2.2]octane hydrogensulfate di(hydrogen fluoride) fluoride
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having a purity of 100 % (0.588 g) was obtained. Yield: 61 %.

The properties are shown in Table 1.

Example 5

x F

5 |{]“‘ t'\rb

HBF4OFEt
2(CF3803.) -—--—--—4-——-—-2--——)- 2(8F4-)
in (CF3)2CHOH - |
N, N2
| l
F F
10 N,N’-Difluoro-1,4-diazoniabicyclo[2.2.2]octane

bis(trifluoromethanesulifonate) (8.0 mmol, 3.61 g) was charged in a

100 ml round flask. After replacing the internal atmosphere in the flask

with argon, 1,1,1,3,3,3-hexafluoro-2-propanol (36 ml) was added while

stirring to form a homogeneous solution. Then, a tetrafluoroboric acid-
15 diethyl ether complex (20 mmol, 3.24 g) was dropwise added to the

solution at room temperature, followed by stirring for one hour. The

precipitated crystal was filtered.

The collected crystal was thoroughly washed with
methyléne chloride, and colorless solid N,N’-difluoro-1,4-
20 diazoniabicyclo[2.2.2]octane bis(tetrafluoroborate) having a purity of
100 % (7.24 mmol, 2.34 g) was obtained. Yield: 90 %.

The properties are shown in Table 2.
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Example 6

: s

N* N
Aq. HPFg solution -

2(CF;S03) —— 2(PFg)

in (CF3)2CHOH

‘T’-} . I'?l,,

F F -

N,N’-Difluoro-1,4-diazoniabicyclo[2.2.2]octane
bis(trifluoromethanesulfonate) (1.19 mmol, 0.535 g) was charged in a
30 m! round flask. After replacing the internal atmosphere in the flask

with argon, 1,1,1,3,3,3-hexafluoro-2-propanol (5 mi) was added while

stirring to form a homogeneous solution. Then, a 60 % aqueous

solution of hexafluorophosphoric acid (2.6 mmol, 0.385 g) was dropwise
added to the solution at room temperature, followed by stirring for 15
minutes.

The precipitated crystal was thoroughly washed with diethyl
ether, and colorless solid N,N’-difluoro-1,4-diazoniabicyclo[2.2.2]octane
bis(hexafluorophosphate) having a purity of 100 % (0.348 g) was
obtained.

Diethyl ether was added to the filtrate. The precipitated
crystal was filtered and thoroughly washed with diethyl ether, and N,N'-
difluoro-1,4-diazoniabicyclo[2.2.2]octane bis(hexafluorophosphate)
having a purity of 100 % (0.093 g) was obtained. Total yielded amount:
0.441 g (total yield: 85 %).

The properties are shown in Table 2.
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Example 7

F F
» T
N F(HF),"
HBF4"O Etg
' 2(BFy)
. in (CF3)o,CHOH .
N HSO, (CF3)2 N
! !
F F

N,N"-Difluoro-1,4-diazoniabicyclo[2.2.2]octane
hydrogensulfate dihydrogen fluoride (0.246 g, 0.81 mmol) was charged
in a 10 ml egg plant-type flask, and 1,1,1,3,3,3-hexafluoro-2-propanol
(4 ml) was added. Then, a tetrafluoroboric acid-diethyl ether complex
(0.356 g, 2.2 mmol) was dropwise added at room temperature, followed
by stirring for one hour at room temperature. The precipitated crystal
was filtered.

The obtained crystal was thoroughly washed with diethyl
ether, and colorless solid N,N’-difluoro-1,4-diazoniabicyclo[2.2.2]-
octane bis(tetfafluoroborate) having a purity of 100 % (0.262 g) was
obtained. Yield: 100 %.

The properties are shown in Table 2.

Example 8
F~ -
'{'-&- | | rllq-
' HBF+OFEt
2(HSOy4) — A 2(BFy4)
in CH3CN
X X
F F

A tetrafluoroboric acid-diethyl ether complex (0.679 g,
4.2 mmol) was dropwise added to a suspension of N,N’-difluoro-1,4-

diaxoniabicyclo[2.2.2]octane di(hydrogensulfate) (0.669 g, 2.0 mmol)
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in acetonitrile (4 mi) which was stirred well at room temperature,
followed by stirring for a further 15 minutes at room temperature. The
precipitated crystal was filtered and washed with ether, followed by
drying under reduced pressure, and N,N’-difluoro-1,4-
diazoniabicyclo[2.2.2]octane bis(tetrafluoroborate) having a purity of
100 % (0.530 g) was obtained. Yield: 82 %.

The properties are shown in Table 2.

Example 9

= F
] l

N? NT

_ HBF4‘0Et2 |
2(SbFg) ———————— 2(BF,)
in CH3CN
f‘|4+ f?h
F . -

A tetrafluoroboric acid-diethyl ether complex (0.706 g,
4.37 mmol) was dropwise added to a suspension of N,N’-difluoro-1,4-
diazoniabicyclo[2.2.2]octane biS(hexafIuoroantimonate) (1.29 ¢,
2.08 mmol) in acetonitrile (8 ml) which was stirred well at room
temperature, followed by stirring for a further 15 minutes at room
temperature. The precipitated crystal was filtered and washed with
ether, followed by drying under reduced pressure, and N,N’-difluoro-1 4-
diazoniabicyclo[2.2.2]octane bis(tetrafluoroborate) having a purity of
100 % (0.650 g) was obtained. Yield: 97 %.

The properties are shown in Table 2.
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Example 10
N
l
N+
HBF4'OEt2
e Rl Binatimats JS= 2 BF
H2804 j (BF4)
in (CFa)zCHOH
F

1,1,1,3,3,3-Hexafluoro-2-propanol (60 ml) was added to
1,4-diazabicyclo[2.2.2]octane (15.0 mmol, 1.68 g) in a 200 ml egg plant-
type flask. After replacing the internal atmosphere in the flask with
argon, the mixture was stirred to form a homogeneous solution. Then,
conc. sulfuric acid (15.0 mmol, 1.47 g) was added to the solution.

The flask was dipped in a bath kept at —=5°C, and diluted
fluorine gas (F2/N2 = 10/90 (v/v)) was blown in the solution at a flow rate
of 40 ml/min. The diluted fluorine gas of 20,160 ml (90 mmol of
fluorine) was blown into the flask. Then, the residual fluorine gas was
purged by ﬂoWing nitrogen gas.

After allowing the reaction mixture to warm up to room
temperature, a tetrafluoroboric acid-diethyl ether complex (33 mmol,
5.34 g) was dropwise added, followed by stirring for 30 minutes. The
precipitated crystal was filtered and washed with diethyl ether, and
colorless solid N,N’-difluoro-1,4-diazoniabicyclo[2.2.2]octane
bis(tetrafluoroborate) having a purity of 100 % (11.6 mmol, 3.76 g) was
obtained. Yield: 77 %.

The properties are shown in Table 2.
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Example 11
Aq. HBF4 solution
H2804 2(BFy)
in CF3CH;OH

2,2,2-Trifluoroethanol (12 ml) was added to 1,4-
diazabicyclo[2.2.2]octane (3.0 mmol, 337 mg) in a 50 ml egg plant-type
flask. After replacing the internal atmosphere in the flask with argbn,
conc. sulfuric acid (3.0 mmol, 249 mg) was added to the solution while
stirring.

The flask was dipped in a bath kept at =5°C, and diluted
fluorine gas (F2/N> = 10/90 (v/v)) was blown in the solution at a flow rate
of 30 ml/min. The diluted fluorine gas of 5136 ml (23 mmol of fluorine)

was blown into the flask. Then, the residual fluorine gas was purged by

flowing nitrogen gas.

After allowing the reaction mixture to warm up to room
temperature, a 42 % aqueous solution of tetrafluoroboric acid (1.38 g,
6.6 mmol of tetrafluoroboric acid) was dropwise added while stirring,
and additional 2,2,2-trifluoroethanol (30 ml) was added, followed by
stirring for 13 hours at room temperature. The precipitated crystal was
filtered and thoroughly washed with diethyl ether, and coloriess solid
N,N’-difluoro-1,4-diazoniabicyclo[2.2.2]octane bis (tetrafluoroborate)
having a purity of 100 % (608 mg, 1.88 mmol) was obtained.

Yield: 63 %.

The properties are shown in Table 2.
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Example 12
T
N N?
Fo SbFs i
— e —— 2(SbFg’)
HoSO4
N in (CF3)2CHOH r?l,,
F

1,1,1,3,3,3-Hexafluoro-2-propanol (12 ml) was added to
1,4-diazabicyclo[2.2.2]octane (3.0 mmol, 337 mg) in a 50 ml egg plant-
type flask. After replacing the internal atmosphere in the flask with
argon, conc. sulfuric acid (3.0 mmol, 249 mg) was added to the solution
while stirring.

The flask was dipped in a bath kept at —-5°C, and diluted
fluorine gas (F2/Nj; = 10/90 (v/v)) was blown in the solution at a flow rate
of 30 ml/min. Diluted fluorine gas in the amount of 4032 ml (18 mmol of
fluorine) was used. Then, the residual fluorine gas was purged by
flowing nitrogen gas.

After allowing the reaction mixture to warm up to room
temperature, a solution of antimony pentafiuoride (6.6 mmol, 1.43 g) in
1,1,1,3,3,3-hexafluoro-2-propanol (10 ml) was dropwise added, followed
by stirring for 45 minutes. The precipitated crystal was filtered and
thoroughly washed with methylene chloride and coloriess solid N,N’-
difluoro-1,4-diazoniabicyclo[2.2.2]octane bis(hexafluoroantimonate)
having a purity of 100 % (2.60 mmol, 1.62 g) was obtained.

Yield: 87 %.

The properties are shown in Table 2.
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F’ .
_ N?
_HBFeOF %j 2(BF4)
o
F

2,2,2-Trifluoroethanol (12 ml) was added to 1,4-

Example 13

diazabicyclo[2.2.2]octane (3.0 mmol, 0.337 g) in a 100 ml egg plant-
type flask. After replacing the internal atmosphere in the flask with
argon, the mixture was stirred to form a homogeneous solution. Then,
conc. sulfuric acid (3.0 mmol, 0.249 g) was added to the solution.

The flask was dipped in a bath kept at =30°C, and diluted
fluorine gas (F2/N2 = 10/90 (v/v)) was blown in the solution at a flow rate
of 30 ml/min. while stirring well. Fluorine gas in the amount of 4023 mi
(18 mmol of fluorine) was used. Then, the residual fluorine gas was
purged by flowing nitrogen gas.

After allowing the reaction mixture to warm up to room
temperature, a tetrafluoroboric acid-diethyl ether complex (6.6 mmol,
1.07 g) was dropwise added, followed by stirring for one hour. The
precipitated crystal was filtered and thoroughly washed with diethy!
ether, and colorless solid N,N’-difluoro-1,4-diazoniabicyclo[2.2.2]octane
bis(tetratfluoroborate) having a purity of 100 % (0.804 g) was obtained.
Yield: 83 %.

The properties are shown in Table 2.
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Example 14

F
. _ llﬂ .
2 HBF.;‘OEtg -
. 2(BF
H2304 , - 6} (BFa)
in CH3CN . I}L,, -

Acetonitrile (12 ml) was added to 1,4- -diazabicyclo-

[2 2.2]octane (3.0 mmol, 0.337 g) in a 100 ml egg plant-type flask. After
replacing the internal atmosphere in the flask with argon, the mixture
was stirred to form a homogeneous solution. Then, conc. sulfuric acid
(3.0 mmol, 0.294 g) was added to the solution.

The flask was dipped in a bath kept at —30°C, and diluted
fluorine gas (F2/N2 = 10/90 (v/v)) was blown in the solution at a flow rate
of 30 ml/min. while stirring well. Fluorine gas in the amount of 4635 ml
(20.7 mmol of fluorine) was used. Then, the residual fluorine gas was
purged by flowing nitrogen gas.

After allowing the reaction mixture to warm up to room
temperature, a tetrafluoroboric acid-diethyl ether complex (6.6 mmol,
1.07 g) was dropwise added, followed by stirring for one hour. The
crystal, which was precipitated by the addition of diethyl ether, was
filtered and thoroughly washed with diethyl ether, and colorless solid
N,N’-difluoro-1,4-diazoniabicyclo[2.2.2]octane bis(tetrafluoroborate)
having a purity of 100 % (0.621 g) was obtained. Yield: 64 %.

The properties are shown in Table 2.
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Example 15
-
|
N-I-
BFa‘OEtz 2(8F4
sto4 .
in CH3CN |

Acetonitrile (12 ml) was added to 1,4-diazabicyclo-
[2.2.2]octane (0.337 mg, 3.0 mmol) in a 100 ml egg plant-type flask.
After replacing the internal atmosphere in the flask with argon, conc.
sulfuric acid (0.294 g, 3.0 mmol) was dropwise added to the solution at
room temperature.

The flask was dipped in a bath kept at -30°C, and diluted
fluorine gas (F2/N2 = 10/90 (v/v)) was blown in the solution at a flow rate
of 30 ml/min. while stirring well. The reaction was terminated after 4032
ml of the diluted fluorine gas (18.0 mmol of fluorine) was blown in the
flask. Then, the residual fluorine gas was purged by flowing nitrogen
gas. .

After that, a boron trifluoride-diethyl ether complex
(0.937 g, 6.6 mmol) was dropwise added to the reaction solution. Then,
the reaction mixture was allowed to warm up to room temperature,
followed by stirring for additional 10 minutes. The precipitated crystal
was filtered and thoroughly washed with methylene chloride and
colorless solid N,N’-difluoro-1,4-diazoniabicyclo[2.2.2]octane
bis(tetrafluoroborate) having a purity of 100 % (0.695 g) was obtained.
Yield: 72 %.

The properties are shown in Table 2.
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Examples 16-22

=
o
BF3’OEt2 )
sto4 ' =(BF4)
in CH3CN [}l_'_
F

A reaction and post-treatment were carried out in the

'same manner as in Example 15 except that raw materials shown in

Table 3 in amounts as shown in Table 3 were reacted with dilute fluorine

gas at -20°C, and the obtained crystal was washed with methylene
chloride and diethyl ether. The results are also shown in Table 8.
As understood from Table 3, completely or substantially
pure N,N’-difluoro-1,4-diazoniabicyclo[2.2.2]octane
bis(tetratluoroborate) was obtained in high 'yield.
When the purity was less than 100 % in Table 3, the
impurity was N,N’-dihydro-1,4-diazonlabicyclo[2.2.2]octane

bis(tetrafiuoroborate).
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- Example 23
H |
N N7 N*
2HPFg L .
— 2(PFg)————> 2(PFe)
in CH3CN in CH3CN
H | T
F

'1-,4-Dia’zabicyclo[2.2.2]octane (45.1 mmol, 5.06 g) was

charged in a 100 ml round flask made of POLYFLON (trademark,

polytetrafluoroethylene manufactured by DAIKIN INDUSTRIES, LTD.).
After replacing the internal atmosphere in the flask with argon,
acetonitrile (50 ml) was added.

After cooling the solution to 0°C, a 60 % aqueous
solution of hexafIUOrophOSphoric acid (HPFg) (94.7 mmol) was added
to the solution while stirring, followed by evaporating oft the

solvent at room temperature under reduced pressure. The obtained

solid was thoroufghlywashed with diethyl ether and then dried, and
N,N’-dihydro-1,4-diazoniabicyclo[2.2.2]octane
bis(hexafluorophosphate) was obtained quantitatively.
N,N’-Dihydro-1,4-diazoniabicyclo[2.2.2]octane
bis(hexafluorophosphate) (3.0 mmol, 1.21 g) was charged in a

separate 100 ml round flask made of POLYFLON. After replacing the

internal atmosphere in the flask with argon, acetonitrile (12 ml)
was added and stirred to form a solution. Then, the flask was .
dipped in a bath kept at -30°C, and diluted fluorine gas (F2/N2 =
10/90 (v/v)) was blown in the solution at a flow rate of 30 ml/min.

while stirring well. Diluted fluorine gas in the amount of 4032 ml (18 mmol

of fluorine) was used. Then, 'the 'residual fluorine gas was purged
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by flowing nitrogen gas.
After allowing the reaction mixture to warm up to room

temperature, insoluble materials were filtered off. The solvent

was evaporated off from the filtrate, followed by drying under
reduced pressure, and colorless crystalline N,N’-difluoro-1,4-
diazoniabicyclo[2.2.2]octane bis(hexafluorophosphate) having a

purity of 100 % (1.07 g) was obtained. Yield: 81 %.
The properties are  shown in Table 2.
Example 24
Anisole was fluorinated with N,N’-difluoro-1,4-

diazoniabicyclo[2.2.2]octane di(hydrogensulfate) according to the

present invention as a fluorinating agent under the reaction

conditions shown in Table 4. The results are also shown in Table 4.
As seen from Example 24, the fluorination proceeds

smoothly under the condition of room temperature and the reaction

time of 15 minutes in formic acid, and fluoroanisoles are formed in

good vyields, when N,N’-difluoro-1 ,4-diazoniabicyclo[2.2.2]octane

salt comprising the hydrogensulfate ion (HSO4-), which has a proton

for activating the fluorin.ation .reaction as a counter. anion, is used.
Accordingly, the N,N’-difluoro-1,4-diazoniabicyclo[2.2.2]octane
di(hydrogensulfate), and hydrogensulfate fluoride or its.
poly(hydrogen fluoride) which have activation ability by

themselves aré expected to achieve the high fluorination efficiency
in the fluorination carried out in a neutral organic solvent, and

therefore they seem to be promising fluorinating agents having a

wide variety of applications.
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Example 25
]
+-
ST "
[ j BF3’OEt2 X
> —> 2(BFy4)
in (CF3),CHOH
N, HSO, - 5
. o

A boron trifluoride-diethyl ether complex (1.55 g, 10.9
mmol) was added to a solution of N,N’-difluoro-1,4-diazonia-
bicyclo[2.2.2]octane nydrogensulfate di(hydrogen fluoride) fluoride
(1.76 g, 5.2 mmol) in '1,1,1,3,3,3-hexaf|uor0-2-pr0panol (5 ml) in a
nitrogen atmosphere at room temperature. After stirring the
solution at room temperature for 15 minutes, the solid was
filtered and washed with 1,1,1,3,3,3-hexafluoro-2-propanol,
dichloromethane and then di‘ethyl ether (each one time), followed by
drying under reduced pressure, and CryStalline N,N’-'diﬂuoro-1,4-
diazoniabicyclo[2.2.2]octane bis(tetrafluoroborate) having a purity
of 100 % (1.10 g) was obtained. Yield: 66 %. ' '

The properties are shown in Table 2.

Example 26
CF3803- CF 3803 )
- CF3803H
in (CF3),CHOH

. 1’1”1’3,3,3.|-|(=3><;;n°|uoro--2---prope:mol (12 ml) was added to

1,4-diabicyclo[2.2.2]octane monotrifluorome-thaneSulfonate salt (3.0
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mmol, 0.787 g)' in a 100 ml egg plant-type flask. After replacing the
internal atmosphere in the flask with argon, the mixture was'
st'ir'red to form a homogeneous solution, and trifluoromethane-
sulfonic acid (2.85 mmol, 0.428 g) was added to the solution.

The flask was dipped in a bath kept at 0°C, and diluted

fluorine gas (F2/N2 = 10/90 (v/v)) was blown in the solution at a

flow rate of 30 ml/min. while stirring well. The reaction was
terminated after 4032 ml of the diluted fluorine gas (18.0 mmol of

fluorine) was blown in to the flask. Then, the residual fluorine gas was
purged by flowing nitrogen gas.

After allowing the reaction mixture to warm up to room
temperature, the solvent was evaporated off from the reaction
liquid under reduced pressure, .and the desired 'product having a
purity of 98 % (1.45 g) was obtained (quantitative yield). This
crystalline solid was recrystallized from aCetonitrile, and N,N’-

difluoro-1,4-diazoniabicyclo[2.2.2]octane bis(trifluoromethane-

sulionate) having a  purity of 100 % (0.816 g) was obtained. Yield:
61 %.

The properties are shown in Table 1.
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Claims:

1. A process for preparing a N,N’-difluorodiazonia-

bicycloalkane salt of the formula (I):

F
1

7.

R'HC” CR°RS CHR!
\ o
/(CH2)n _(X ) (X )
R'HC. CR‘RS CHR!
\\N/ ' (1) .
|+ | '

F
wherein R', R?, R®, R* and R® each independently represent a hydrogen
atom, a C¢-Cg alkyl group, an aryl group, a C1-Ce alkyl group-substituted
aryl group Or an aryl group-substituted C4-Cg alkyl group, (XY and (X*Y
each independently represent a conjugated base of a Brgnsted acid or
together form a single conjugated base of a Bronsted acid, and n is 0, 1
or 2, comprising

(a) the step of reacting fluorine and a diazabicycloalkane of

 the formula (ll):

| N
F‘,,_,C/< PN

CR°R® T“CHR!
CH | ()
1 Lrs ,
R HC\CI\R R CHR
~ N

wherein R', R%, R® R*% R® and n are the same as defined above in the

presence of a Brgnsted acid; or
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(b) the step of reacting fluorine and a Bragnsted acid salt of a

diazabicycloalkane of the formula (Il1):

H
N-O-

F,11,_,(.;/(_,éaﬁa\

“CHR!
/(CHa)n (X’ )
R'HC 4

CRR® _CHR! .
' \\N/ ()

wherein R', R?, R®, R* R% n and (XY are the same as defined above, in the

presence or absence of a Brensted acid: or

(c) the step of reacting fluorine and a Bransted acid salt of a

diazabicycloalkane of the formula (1V):

CHR!'

H
Nt
R’HC/CézF\'S\

(CHz)n

/
R'HC_ CR*R® CHR! _
N, (V)

>
H

(X" (X3

wherein R', R? R® R* R>, n, (X") and (X*) are the same as defined in claim

1, in the presence or absence of a base; or

(d) the step of reacting an acid or salt and a N,N’-difluoro-

diazoniabicycloalkane salt of the formula (I'):




CA 02201604 2001-06-22

- 58 -
. F
R‘HC/ \CHFi’
- , (CHz)n - Xy (X®Y
\R“Rs CHR‘
(")
F

wherein (X') and (X*)" each independently represent a conjugated base of a
10 Brensted acid or together form a single conjugated base of a Brgnsted acid,
and R, R% R® R’ R®and n are the same as defined in claim 1.
2. A process according to claim 1(d), wherein said acid is a
Bronsted acid. .

3. A process for preparing a N,N’-difluorodiazoniabicyclo-

15 alkane salt of the formula (1):
. . F
R’HC/FR?HS\CHH'
(CH.q).-, (XY (X%
' (1)

F
wherein R', R%, R®, R%, R®, n, (X") and (X?) are the same as defined in claim

1, comprising the steps of reacting fluorine and a diazabicycloalkane of the

25 formula (lI):
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v

CHR!

-
R‘HC/CézF-!"\

(CH»5), ( “. )

\06495 CHR'
N

b

R'HC

~wherein R', R% R®, R%, R® and n are the same as defined in claim 1. in the

presence of a Brgnsted acid, and then reacting the intermediate product and
an acid or salt.

4. A process for preparinjg a N,N'-difluorodiazoniabicyclo-
alkane salt of the formulé (1): '

F

L

/04293 - “CHR!
N\

" RHC

(CH,). X'y (X3

) .
R'HC_ CR‘R®* _CHR' '
\\ / (1)
SN
f _
F
wherein R, R%, R®, R%, R®, n, (X) and (X?)" are the same as defined in claim

1, comprising the steps of reacting fluorine and a diazabicycloalkane of the

_ R‘HC/Cé:lHa\CH R

\ .
(CH2)n

/

CR*R® CHR?
\\N/ '

formula (ll):

(1)

R'HC
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wherein R', R? R% R* R®and n are the same as defined in claim 1. in the
presence of sulfuric acid, and then reacting the intermediate product and an
acid or salt. '

5. A process for preparing a N,N'-difluorodiazoniabicyclo-

alkane salt of the formula (1):

F
. s
R"Hc/cézn"\CHR‘
\ e 2
/(CHz)n (XY (X9)
R'HC._ CR*‘R* _CHR’
Y / . (1)

ll\h
F

wherein R', R?, R%, R*, R®, n, (X")" and (X?) are the same as defined in claim
1, comprising the steps of reacting fluorine and a monoBrgnsted acid salt of a

diazabicycloalkane of the formula (lII’):

| H"’
1 //23 -
R'HC CQR CHR

(CH,), X'y

/
R'HC. CR*R® CHR
\\N / _

CHr)

wherein R', R%, R®, R*, R®, n and (X"Y are the same as defined in claim 1, in

the presence or absence of a Bregnsted acid, and then reacting the

‘intermediate produCt and an acid or salt.

6. A process for preparing a N,N’-difluorodiazoniabicyclo-

alkane salt of the formula (I):
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\

F

/

R2H3 CHR'
(CH2>., (X") (X3
R'HC R“RS CHR - ,
\ (1)
F

wherein R, R%, R®, R*, R®, n, (X') and (X?) are the same as defined in claim
1, comprising the steps of reacting fluorine and a Brgnsted acid salt of a

diazabicycloalkane of the formula (IV’):

/ZR:.,\

(CHz)n

CHR?
X"y (X%

CR“RS CHR!

\\/ )

wherein R', R, R®>, R* R®, n' (X1) and (X?) are the same as defined in claim
1, in the presence or absence of a base, and then reacting the intermediate

product and an acid or salt.

7. A process for preparing a N,N’-diﬂuorodiazoniabicycloalkane

salt of the formula (I):
F

/ \CHH1

(CHz)n . (X') (X%

R'HC

CHR'

1H |
R c\ / 0

F
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wherein R', R, R, R*, R®, n, (X'} and (X% are the same as defined in claim
1, comprising the steps of reacting fluorine and a sulfate salt of 3

diazabicycloalkane of the formula (V):

\

R'HC R2R° CHR

(CHZ)n , 3042' .

1

cm“‘l:z5 CHR
\ / ' ' (V)

and/or the formula (V’):

R‘HC

/ 2R"\CHR’

(CHz)n HSO,

CHR®

R1HC\4RS/ (V')

wherein R', R?, R®, R*, R® and n are the same as defined in claim 1, and/or a

di(hydrogensulfate) salt of a diazabicycloalkane of the formula (VI):

/ \cm:v

(CHz)n

H‘ HC
2( HSO4 )

R'HC CR“RS .~ _CHR?!

\\/ )
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wherein R', R?, R®, R*, R® and n are the same as defined in claim 1. in the
presence or absence of a base, and then reacting the intermediaté product
and an acid or salt.

8. A process according to claim 1, 6 or 7. wherein the reaction
Is carried out in the presénce of a base and the base is an amine or an
ammonium compound. ' '

9. A process according to any one of claims 1, 6, 7 and 8,
wherein the amount of the base is less than 1 mole per one mole of a
Bronsted acid salt of a diazabicycloalkane of the formula (1V) or (1V’), a sulfate
salt of a diazabicycloalkane of the formula (V) or (V’), or a di(hydrogensulfate)
salt of a diazabicycloalkane of the formula (VI).

10. A process according to any one of claims 1 to 9, wherein a

solvent is used.

11. A process according to claim 10, wherein said solvent is at
least one solvent selected from the group consisting of C,-Cs nitriles, C4-Cs
halohydrocarbons, C'1-Cs alcohols or halogenated alcohols and C4-C,4 alkanoic
or haloalkanoic acids.

12. A process according to claim 11, wherein said nitrile is
acetonitrile or propibnitrile; said halohydrOCarbOn Is methylene chloride,
chloroform, carbon tetrachloride, trichloroﬂuoromethane,

bromotrifluoromethane, dichloroethane or trichlorotrifluoroethane; said alcohol

or halogenated alcohol is methanol; ethanol, propanol, isopropanol, butanol,

Isobutanol, sec.-butanol, t-butanol, trifluoroethanol, trichloroethanol,
pentaﬂuorOpropanoI , tetrafluoropropanol, hexafluoroisopropanol,
heptafluorobutanol, nonafluoro-t-butanol or o'ctaﬂuoropentanol; and said
alkanoic or haloalkanoic acid is formic acid, acetic acid, trifluoroacetic acid,
propionic acid, tetrafluoropropionic acid or pentafluoropropionic acid.

13. N,N’-Difluoro-1 ,4-diazoniabicyclo[2.2.2]octane

di(hydrogensuifate) of the formula:
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2(HSOy)

l'm
F

14.  N,N’-Difluoro-1,4-diazoniabicyclo[2.2.2]octane salt of the

formula:

F
Nt
F(HF)n
HSO,
"

wherein n is a number of 0 to 10.
15.  Afluorinating agent comprising a N,N’-difluoro-1,4-

' diazoniabicyclo[Z.2.2]octane salt claimed in claim 13 or 14.

W . e A ey,
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