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In view of the number and diversity ofpublications on organofluorine chemistry in the recent 
years, it is evident that, since presenting the first series «Fluorierungsmethoden in der 
Organischen Chemie» m, fluorination reactions remain of general interest. The objectives of 
research in the various studies are quite similar. These include selective fluorination of 
biologically active substances such as steroids, nucleobases, pharmaceuticals, carbohydrates 
like sugars and glycosides; systematic studies for developing universally applicable fluori­
nating agents or improving reaction conditions; optimization of yield and selectivity as well 
as suppression of side reactions. - Elemental fluorine has become increasingly important as 
a selective fluorinating agent. The critical factor for successful reactions is to suppress 
radical fluorination which almost exclusively results in perfluorination, fragmentation or 
oxidative halogenation of heteroatoms or of alkene- and alkyne-bonds. Radical suppression 
is achieved by diluting fluorine with an inert gas in the presence of a radical-abstractor and in 
a suitable solvent at low temperature. - Concerning SF\ and its derivatives, a renaissance has 
been realized. To date, these compounds are among most important and multifunctional 
fluorinating agents. New agents with different fluorinating qualities such as CsSO^F, HOF 
or OF2 must be added to the list; however, their range of applicability has not yet been fully 
explored. In the field of CF3- and CF3S-substitution, novel, interesting pathways have been 
presented, in which the selectivity of new CF3- and CF3S-donating agents is outstanding. - 
As a completment to and continuation of the in 1981 published «Fluorierungsmethoden in 
der Organischen Chemie», new fluorination methods and new variations of known proce­
dures are reviewed.

1. Fluorinations with Elemental Fluorine
Elemental fluorine has recently been re­

peatedly used for specific partial fluorina­
tion of also complex organic substrates. In

many cases very favourable results could 
be achieved through the choice of specific 
reaction conditions (degree of dilution, 
temperature), whereby in many cases an 
indirect route was postulated via a hypo­
fluorite species of the solvent, such as 
CF3OF, CF3CO?F, CH3CO2F or CH3OF, 
as the fluorinating agent proper. In this 
way by the direct reaction with elemental 
fluorine a series of fluorinated steroids
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could be synthesized, such as e.g. 9a- and 
14a-fluorosteroids121 or 16a-,17a-difluo- 
roprogesterone131, as well as derivatives 
and precursors of these compounds. Anal­
ogously could J4-cholestan-3-one and 
cholanic acids110,111 be fluorinated. The 
antibacterially active pleuromutiline could 
be transformed into the 2,2-difluoro-pleu- 
romutiline through the intermediate diazo 
derivative by the action of F2 at —60°C in 
the presence of CHC13 and KF141. In anal­
ogy to this also arylketone hydrazones can 
be transformed into the difluoro-com- 
pounds, whereby likewise the diazo-com- 
pounds are formed as intermediates.

Ph-C-K F2±^.^-R -

II
n-nh2 n2

This procedure has been adapted to de­
rivatives of neratrol and oestradiol[121. The 
direct addition of F2 to olefins at —78 °C 
leads to the respective vicinal difluorides in 
good yields. Addition reactions of this 
kind were successfully accomplished with 
perhalogenated olefins151, vinyl acetate161, 
diethyl fumarate1’1,1,1-diphenylethylene181, 
and propinylbenzene1’1. The energy, which 
is liberated at the fluorination, and leads to 
unselective substitution, carbonization, 
etc. is removed by working at a low tem­
perature. The reaction of indene and 2- 
methylindene with stoichiometric amounts 
of fluorine in CFC13 at —78 °C affords the 
vicinal difluorides in good yields[I3J. 
erythro-Fluoro-phenylalanine could be 
synthesized in a like manner[1S1.

The addition of F2 to alkynes leads 
mainly to the appropriate tetrafluoro-de­
rivatives1131; however, cis- and trans-di- 
fluoro-olefins, as well as tri- and tetra-fluo- 
rinated ethanes, could also be isolated - 
this could be exemplified by various tolane 
derivatives[I41.

Recently, substitutions on aliphatic sys­
tems were also extensively studied. It is to 
be remarked here, that very dilute F2 (with 
N2 or Ar) and low temperatures had to be 
used. In this way regiospecific substi­
tutions could be carried out by considering 
different electron densities.

In experiments with adamantanes a se­
lective fluorination at the tertiary carbon 
atom was found1151.

In the reaction of trans -4-methyl- or 
trans-4-tert-butyl-cyclohexyl p-nitroben- 
zoate with 4% F, in N2 at —70°C, the spe­
cies fluorinated in the 4-position are ob­
tained in 60 or 50% yield. The cw-isomers 
react analogously1161.

Electrophilic fluorinations of this kind 
occur preferably at the tertiary carbon 
atom most distant from an electron with­
drawing centre. However, as could be 
shown in the case of thep -nitrobenzoate of 
menthol, substitution can also occur in the 
vicinity of electron withdrawing groups, 
but at any rate the reaction velocity is con­
siderably diminished in comparison with 
4-alkyl-cyclohexanols[161.

These results find their corroboration in 
the case of 6-methyl-2-heptyl-, or 3- 
methyl-1-butyl p -nitrobenzoates. Here 
substitution occurs in both cases at the ter­
tiary carbon atom, but the yield and reac-

^> Ph-CF2-R (1)

tion rate of the 6-methyl-derivative exceed 
considerably those of the 3-methyl-species. 
At further shortening of the C-chain no 
definite products are obtained1”1.

These results were confirmed in an addi­
tional study that appeared recently1191.

Fluorinations in aromatic systems were 
thoroughly studied as depending on vari­
ous functional groups1201. A crucial factor 
in accomplishing all these syntheses is the 
suppression of radical induced fluorina­
tions, that almost exclusively lead to per­
fluorination, fragmentation, and oxidative 
halogenation at heteroatoms, both of 
alkene and alkyne compounds. For these 
reasons fluorine is nearly always diluted 
with an inert gas and worked at a low tem­
perature in the presence of radical captors.

An interesting novel fluorination techni­
que with elemental fluorine has been devel­
oped in the very recent time by Adcock et 
al. in the form of aerosol fluorination. The 
principle of this procedure is, that an aero­
sol consisting of NaF particles in helium, 
coated with the substrate to be fluorinated, 
is introduced into the fluorination reac­
tor1211. The outstanding property of this 
procedure is a high yield of highly or per­

fluorinated compounds. Hydrocarbons1211, 
adamantanes1221, ketones123,261, alkyl ha­
lides124,251, as well as ethers1271, were fluori­
nated according to this procedure. Com­
prehensive results have been published in 
two «reports»128,291.

2. Fluorinations with F2 in Polar Solvents; 
Hypofluorite Fluorinations

2.1. In Water
The rate constant of the reaction of wa­

ter with F2 has been determined by Appel- 
man and Thompsonm as 7 IO-6 s'1. The 
very fast reaction is not influenced either 
by stirring or by convection, however it is 
slow enough to allow for reactions with F2 
in H2O.

Already in 1961 Grakauskas pi] reported 
fluorinations in water. He succeeded in the 
fluorination of urea dissolved in water to

no definite products

A,A-difluorourea, F2NC(O)NH2. Sulf­
amide behaves the same way: it reacts in an 
unbuffered aqueous solution with F2 at 0 
to 5°C to give A,A-difluorosulfamide[331. 
Alkyl carbamates dissolved in water, are 
converted in about 30% yield to alkyl fluo­
rocarbamates in a reaction with equimolar 
amounts of F2 (N2 diluted) at 0 to 5 °C 
under stirring. On further fluorination the 
amount of the unreacted starting com­
pound indeed diminishes, but the yield of 
alkyl difluorocarbamates is not increased. 
As a result of hydrolysis difluoroamine is 
formed. Should one wish to isolate the di­
fluorocarbamates, it is most appropriate to 
use non-aqueous solvents. Tetrachloro­
methane, dichloromethane, 1,1,2-trichloro- 
1,2,2-trifluoroethane, and acetonitrile 
were used. Owing to the good solubility of 
the starting materials in acetonitrile and 
the high stability thereof towards F2, it is to 
be preferred over the other solvents. The 
yields amount to about 45 to 75%[32].

A new example of fluorinations with F2 
in water is the recent success of the syn­
thesis of difluoroamino-pyrimidines1341 
(reaction (4)).

(2)R = COC6H4NO2(p); R'=Me, t-Bu
2.2. In Acetic acid and Trifluoroacetic 
acid; Organo-Hypofluorites

As a consequence of the interesting fluo­
rination properties of trifluoro(fluo- 
rooxy)methan11,2,341 for which, in recent
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times too, impressive examples were pub­
lished141,451, a search was conducted for 
easier accessible analogous fluorination 
agents. By reacting CF3C(O)ONa with F2 
can CF3C(O)OF and CF,CF2OF be pro­
duced and used in situ for fluorination. 
The reactions of CF3C(O)OF with stil­
benes show an addition behaviour similar 
to that of CF3OF|3S1. On addition to stil­
benes CF,CF2OF furnishes cis'-products 
and is likewise comparable with CF3OF[361. 
Syntheses of fluorinated steroids, a-fluo­
roketones1381, and fluorinated A-acetyl- 
dibenzazepines with CF3CF2OF are also 
known136,371. This reaction technique for 
the production of fluorinating hypofluo­
rite species has also been applied to acetic 
acid. On passing diluted fluorine through 
an AcOH/CFClj mixture in the presence of 
salts, such as NaF, CH3CO2Na or 
CF3CO2Na at —78 °C, an oxidizing solu­
tion is obtained, the fluorinating proper­
ties of which are explained by the inter­
mediate appearance of an acetyl-hypofluo- 
rite, CH3C(O)OF1391. The corroboration is 
based on the fact that the passage of F2 
through sodium acetate in CFC13 affords 
identical results139].

Although up to date no hypofluorite of 
the RC(O)OF type had been isolated11281 in 
substance and also no spectroscopic data, 
as e.g. 19F-NMR shifts, had been pub­
lished11281, they are at present established as 
the most versatile fluorinating agents and 
this is to be attributed to their easy han­
dling and mild properties. Thus, e.g. 1,3- 
dicarbonyl compounds, malonic ester, and 
cyclic ketones were fluorinated in partly 
good yields[401, and also addition reactions 
to olefinic systems (stilbene)1391 have been 
studied. The fluorination of activated aro­
matics with AcOF affords mainly ortho - 
substitution142,431; fluorinated nucleosides 
are also obtainable with AcOF1431. Inter­
esting new variations are the reactions of 
organo mercury compounds1431 as, for in­
stance,

AcOF. Not long ago derivatives of fluoro- 
glucose could be formed according to this 
method1441. Another feasible application of 
this procedure is the possibility to synthe­
size 18F-labeled substances, that are of in­
terest in the diagnostic medicine. Thus 
antipyrine1461, glucose derivatives1471, and 
differently substituted aromatic systems1481 
were l8F-fluorinated.

3. Fluorinations with Inorganic Hypo­
fluorites

The importance of CF3OF as an electro­
philic fluorination agent has been given a 
sufficiently extended treatment11,2,341. Since 
the synthesis and the manipulation of this 
substance are quite commonplace, a search 
was undertaken for substitute reagents 
with similar properties. In this connection 
the application of the fluorooxy-sulfate ion 
is worth mentioning. The fluorooxysul­
fates, MSO4F, prepared in aqueous solu­
tion from M2SO4 (M = Rb, Cs) and F2, 
react with aromatics best in acetonitrile at 
20 °C to render fluorine substitution. Thus 
toluene reacts with this agent to give ben­
zyl fluoride in yields from 40 to 60%. In 
the fluorination of phenol or anisol, fluo­
rine is introduced mainly in 2-position 
(about 50 to 80%), barely in 3-position 
(under 1 %), and insignificantly in 4-posi- 
tion (5 to 15%)1481. Alkoxybenzene and de­
rivatives of naphthalene react analogously 
with CsSO4F in CH3CN1491 in the presence 
of catalytic amounts of BF,. A publication 
that appeared recently1511 reports about the 
influence of various catalysts, such as HF, 
H2SO4, BF3, CFjSO3H, FSO3H, and «su­
peracids» on the substitution of aromatics 
byCsSO4F1511.

Pentane-2,4-dione at 20 °C affords 3- 
fluoro- and 1,3-difluoro-derivatives. Bar­
bituric acid reacts with CsSO4F only at 
100°C to give 5,5-difluorobarbituric acid 
in high yields1501. A summary of the appli­
cation potentials of CsSO4F has appeared 
very recently11131.

OF2 can also be conceived as a hypofluo- 
rite and employed as a fluorinating agent. 
However, attention has to be paid to the 
fact that OF2 is a more powerful oxygen­
ation agent than all other hypofluorites. 
For this reason, while employing OF2, oxy-

such a manner, that the lowering of the 
pressure of the OF2 atmosphere is mea­
sured. Tetramethylethylene absorbs an 
equimolar amount OF2 within one hour 
and affords 2-fluoro-3-hydroxy-2,3-dime- 
thylbutane in 65 to 70% yield. 1,1-Diphe­
nylethylene absorbs OF2 within 2.5 h and 
affords co-fluoro-acetophenone.

cii-Stilbene is considerably more 
reactive than the trans -isomer, and by 
OF2 it is transformed into 17% 
C6H5C(O)CHFC6H5. cis- and trans-i- 
Fluorostilbene are formed as by-products. 
1-Butene and 1-propene react with OF2 in 
an uncontrollable manner. 19F-NMR spec­
troscopic studies revealed no evidence of 
the existence of an intermediate with an 
OF group. A species of this kind, did either 
not appear at all, nor even at -78 °C, is it 
converted to the enol-products.

Alkynes too react sluggishly with OF2 
and form a,oc-difluoroketones1521.

Like F2 and CF3OF also OF2 is able to 
react as an electrophilic fluorination agent. 
In its reaction with adamantane or with 
adamantane derivatives, substituted in the 
1-position, without an HF captor, oxygen­
ated adamantanes, too, are still produced 
beside the fluorination products. In the 
presence of Na2CO3 as HF scavenger also 
l-fluoro-2-oxa-homoadamantane is 
formed in addition. The relatively low 
yields are to be attributed to the persistent 
formation of unidentifiable tars and addi­
tional fluorinated products.

1-Bromoadamantane provides with OF, 
in CH2C12 at 30°C (72 h) a complicated 
mixture, that could not be resolved. 1- 
Fluoro-3-bromo-adamantane alone could 
be enriched in as much as to be identified, 
beyond any doubt.

The preferred formation of bridgehead 
substituted adamantanes, supports the 
conclusion about an electrophilic fluorina­
tion mechanism like in the case of F2 and 
CF3OF1531. It is possible to establish a cor­
relation between these three agents with 
the help of the element displacement prin­
ciple. Substituting fluorine in F2 with the 
parafluorine ligands1541 OF and CF3 the se­
ries F—F, F—OF, CF,OF of comparable 
fluorinating behaviour is obtained.

In conclusion, it is appropriate here to 
point out that hypofluorous acid too has 
been employed as a fluorinating agent. 
Thus has succeeded the addition

RCH=CH, + HOF —► RCH-CH2 (6)

F OH

to olefinic systems, whereas the addition to 
alkynes affords a-fluoroketones11111.

AcOF
AcOH

OH

RC^CH + HOF
/H

♦ RFC=C 
XOH

RCH-CH (7)

F O

as well as the passing of F2/N2 (0.14%) 
through columns impregnated with 
KOAc (HOAc)15 for the production of

gen derivatives have to be considered too. 
Representative olefines, in CFG, solution, 
are reacted at —78 °C with gaseous OF2 in

Reactions of HOF with aromatic systems 
resulted in hydroxy compounds11121.
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4. Fluorinations with SF4 and Analogs
Among the hitherto well-known selec­

tive fluorinating agents SF4 and its deriva­
tives occupy a dominating position. SF4 is 
a universally employable agent, very selec­
tively effective and relatively easily accessi­
ble; it enables to work also on a prepara­
tive scale and it can catalytically be further 
activated on addition of a Lewis acid. It is 
therefore not surprising, that the fluorinat­
ing properties of SF4 are the subject of nu­
merous research studies. They led to new 
conceptions about the results of the reac­
tions of the fluorination of ketones in the 
presence of catalysts. In the fluorination 
reactions mentioned by Smith l'5i in 1962 
the Lewis aqid serves as a polarizing agent 
for the C=O group to be fluorinated. The 
keto-function thus activated facilitates the 
nucleophilic attack of SF4 on the positively 
polarized carbonyl carbon. The end prod­
ucts arise via not isolated nor identified 
intermediates.

Roughly at the same time Martin and 
Kagan1561 put forward an alternative mech­
anism. Here a mutual effect is envisaged 
between SF4 and the Lewis acid. SF3® or 
F3S's+...F...'5-XFn is assumed as the fluori­
nating agent.

The detailed investigations of Dmowski 
et al.157'®1 support the latter mechanism. 
They concluded, that the basicity of the 
carbonyl oxygen in carboxylic acid fluo­
rides (the first fluorination step of 
RC(O)OH with SF4) is correlated with the 
yield of the trifluorinated product. If the 
acid fluoride is a weaker base than SF4, a 
complex or SF® is formed; an increase in 
XFn concentration does not lead to any 
notable increase in the transformation. 
This occurs in the case of electron with­
drawing substituents, as for instance, a - or 
P-halogenated acid fluorides. However, if 
the acid fluoride is a stronger base than 
SF4, as e.g. benzoyl fluoride, cyclopropa- 
noyl fluoride, or a,p -unsaturated acid 
fluorides, the formation of mainly 
RC(O)F XF„ takes place. In these cases 
work has to be conducted with an excess of 
the Lewis acid. An increase in the concen­
tration leads with these substrates to a sig­
nificant increase in the transformation. 
Weighty support for this mechanism was 
furnished by Wielgat and Domagalla[61], by 
the capture of a,a-difluorocations with 
mesitylene in the fluorination of mono- 
and dichloroacetic acid with SF4 and also 
by the 1!F-NMR-spectroscopic evidence 
for the fluorocarbonium ions1621. This 
mechanism also explains the repeated ap­
pearance of bis(difluoroalkyl)ethers in the 
fluorination of carboxylic acids with SF4. 
The spectrum of the transformations of 
hydroxy-, aldehyde-, keto-, or carboxylic 
acid functions into the corresponding F-, 
CF2H-, CF2- or CF3-compounds by SF4 or 
its frequently employed amino-derivative 
diethylamino-sulfur trifluoride (DAST), 
Et2NSF3, is very widespread.

Thus, by the use of DAST1651 the syn­
thesis of fluorinated steroids[63,64,66,711 has 
succeeded as well as the preparation of a -

fluoro-/?-amino acids.
Remarkably versatile, too, is the use of 

DAST for the fluorination of carbohy­
drates1681, sugars167,691, and ot-glycosides1701. 
4,4-Difluoro-retinoids1721, as well as 2-fluo- 
robenzodiazepines1731 have also been pre­
pared with the aid of DAST; the same ap­
plies to 4,4-difluoro-L-proline, from which 
fluorine containing peptides can be pro­
duced1741. For the first time prepared were 
also fluorinated lactones by reacting y- 
keto acids with DAST1751.

0
CH3-é-CH2-CH2-COOH Et2NSF3

(8)

Quite abundant are the fluorination 
examples of oxygen containing hetero­
cycles with SF4; in this way have dichloro­
maleic acid anhydride1761 and derivatives of 
2,5-dioxodioxane1781 been fluorinated.

sf4
190°C, 3d

Analogously the synthesis has been accom­
plished of CF3-substituted derivatives of 
furan1771. For the first time, too, the syn­
thesis was reported of CF2Cl-ethers by 
SF4/HF fluorination in the presence of 
S2C1217”.

op /Mp/S
CH2C1-CH2-O-(CH2)2C1 —CF2C1-CHF-O-(CH2)2C1

—^7^ CF3-CHF-O-(CH2)2C1 (10)

———* CF3-CHF-O-(CH2)2F

Likewise for the first time succeeded the 
preparation of CF3-A-substituted amines 
from tertiary formamides with SF4/ 
KJ? ISO, 82].

SF /KF
R‘R2N-CHO---- - —► R‘R2N-CF3 (11)

The fluorination of ot,P- and P-y-unsatu­
rated aldehydes has also been investigated 
and applied to cannabinoles1811.

For studying the influence relative to the 
position of double-bonds, 3-cyclohexene- 
carbaldehyde has been fluorinated with 
SF4. HF-catalysed trimérisation of the al­
dehyde is avoided by using dried KF as an 
HF-abstractor whereby 4-difluoromethyl- 
cyclohexene is generated in 72 % yield.

By observing the following reaction con­
ditions, a,/?-unsaturated aldehydes such as 
1-cyclohexencarbaldehyde (see reaction 
scheme (12)) can also be fluorinated:
1. renunciation of solvents;
2. addition of excess KF ;
3. application of stoichiometric threefold

excess of SF4 based on the aldehyde;
4. maintaining a reaction temperature of 
20 °C for more than 48 h;
5. addition of steel balls or coils for good 
homogeneity;
6. removal of volatile compounds in vacuo 
followed by extraction of the residue with 
dried solvents and addition of 10% 
NaHCO3-solution for destroying SF4/HF- 
excess.
These reaction conditions can also be ap­
plied for the fluorination of ^y-unsatu-

rated aldehydes; however, rearrangement 
into the a,)?-unsaturated species is ob­
served. Attempts to fluorinate these alde­
hydes with DAST failed or provided signif­
icantly lower yields than with SF4.

(9)

5. Nitrogen Containing Fluorinating 
Agents

With the synthesis of l-fluoro-2-py- 
ridone an interesting new fluorinating 
agent is available1831 and it has been applied 
to the synthesis of various fluoroma-

lonates. Likewise, reactions with Grignard 
reagents and A-morpholine-enamines (see 
reaction (13)) are known1851.

The preparation of a A-fluorosuccin- 
imide1841 has been reported, however, fluo­
rinations with this agent are not yet 
known. The fluorination properties of A- 
fluoro-A-alkylsulfonamides easily pre­
pared by fluorination with F2 and conve­
nient to be dealt with1861 are already used.

Interesting new application examples of 
tetrabutylammonium fluoride are also 
presented. Alcoholic functional groups in 
sugars186,881 and steroids1871 have been 
fluoro-substituted in this way. The prepa­
ration of 2-desoxy-2-fluoro-D-glucose suc­
ceeds by fluorination with Me4NF1891.

Halogen- and tosylate-substitution with 
Bu4NF by an SN2 mechanism has been de­
scribed11701.
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sf4/kf

CHO

0
II

SF4/KF
-

(Me3Si)2NH

cf2h
72%

Interhalogen compounds have also been 
applied to fluorinations. Thus for the first 
time C1F5 was used as a fluorinating agent 
for benzene and pyrimidines11011. C1F is 
suitable for the synthesis of partially 
fluorinated ethers from esters11021.

SF„/KF

RCH(CO2Et)2 ?FP0>>
F

OSiMe3

6. Inorganic Fluorinating Agents
Among the inorganic fluorinating 

agents xenon difluoride, XeF2, is in the last 
years perhaps the most mentioned, and its 
diversity emphasized. New processes have 
been presented, like:

a) the photochemical addition to nor- 
bonene via a clear radical mechanism1911;

hv/CHjCN

XeF2

CF2H
(12) C1F HF

RCO2R' —1—* RCF,OR'

R = C1CH2; R' = Me, Et
(19)

43%

CHF2 71%

f2/n2

C(CO2Et)2

«FPO»

(13)

Some Russian papers report fluorina­
tions with «perchlorylfluorides», FC1O3. 
So the synthesis of heptafluorophenylace­
tic acid was accomplished by the reaction 
of pentafluorophenylacetonitrile with 
FC1O3/CsF followed by saponification of 
the nitrile1991 (see reaction (17)).

b) the fluorodecarboxylation with XeF2 
in the presence of HF1921 which is the first 
example described of the substitution by 
fluorine of a carboxylic acid functional 
group;

kcoohSJSrf (15)

CH2CN

c) the partial fluorination of a methyl- 
thio-function1”1, carried out on methio­
nine. /V-fluoro

XeF, 
CH3S-----------^FCH2S- (16)

Likewise, fluorinations with XeF2 of 
sugars in the presence of BF3-ether194%l, 
chlorine/fluorine replacement reactions1951, 
HF-catalyzed fluorinations of cyclic enol 
acetates1971 have been reported, as well as 
stereospecific additions to olefins[9S1.

Iodine monofluoride has been added to cy­
clohexene derivatives11031 just like IF and 
BrF to double bonds in steroids in a pre­
vious work11041; analogously can 
phenyliodosodifluoride be used11101.

More novel examples can also be found 
for fluorinations with metal fluorides. 
Thus, by treatment with CoF3 bromo-ada­
mantanes were converted into the corre­
sponding fluoro-analogs and adamantane 
itself into perfluoro-adamantane11051. With 
CoF3 pentafluoronitrobenzene and penta­
fluorobenzaldehyde can be turned into 
highly fluorinated aliphatic or olefinic spe­
cies11061. TV-fluoro-imines or -amines are in­
ter aha accessible from perfluorinated ni­
triles by treatment with AgF2 or CoF3 [1071.

RfCN^|^RfF+RfCF3 (20)

+ RfCF=NF + RfCF,-NF2

a, a -Bis(diflu oroamino) aidehydes are 
obtainable from 1-hydroxy-acetamidine 
hydrochloride by NaF/nickel fluorina­
tion11081.

NH
NaF/Ni 

HOCH2-C-NH2 HC1 - ► FC(NF,)2R
R = CHO, CH,OH 

(21)

An earlier work is to be mentioned here, 
too, which describes a cm-addition of F2 to 
olefine steroids by the means of PbF411091.

cf2cn

FCIO3/CsF

CHFCN

80% H2SO,

salts can be prepared by the
treatment of 2,2,4,4,-tetramethyl-A-alkyl- 
piperidines with FCIO,1'“1.

FCIO3

(17)

cf2cooh

Fluorinations were undertaken also 
with boron fluorides. Thus silver tetrafluo­
roborate reacts with chlorinated oxiranes

(18)
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to furnish a-fluorocarbonyl com­
pounds11141; similar reactions were reported 
with a-bromo-aldehydes and -ketones11151.

R’ = H, CH3, t-C4H9, C6H6 
R2=H, CH3, C2H5, C6H5

R1 (22)

CF3-substituted malonic esters are accessi­
ble by difluorobromine-methylation fol­
lowed by halogen substitution11211.

idines1’251.
For the first time were CF3S-functional 

groups introduced through Wittig or Wit­
tig-Horner reactions and thereby were py- 
retheroide derivatives synthesized11261.

In the same manner were fluoro(trifluo- 
romethyl)aryl- and (trifluoromethyl)- 
diaryl-sulfonium salts initiated as trifluo- 
romethylation agents for thiolates11271.

Additions of alkyl hypohalogenites in the 
presence of BF3 result in a-fluorohaloge- 
nides1’161,

BF3/MeOX (23)

X OMe

X = CI, Br

8. Conclusion and Outlook
General interest in preparative organo- 

fluorine chemistry has increased in recent 
years. Elemental fluorine emerges as an 
important direct or indirect fluorinating 
agent for organic synthesis. Successes with 
selectivity and improved yields have been 
reported, although in many cases these in­
volve hypofluorite intermediates.

the formation of products here being ex­
plained mechanistically via a halogenium 
tetraborate ion pair.

/CO2Et
RCH

X\CO2Et

CO2Et
NaH/CF2Br2/THF ßrF2C-C-R 

xCO2Et

KF/Me2SO
/CO2Et

> F3C-C-R
\cO2Et

(24)

F Ie

I 
F-BOR

F

7. Introduction of CF3- and CF3S-Groups

BF3/ROX

7.1. CF^Substitution
In the field of trifluoromethylation as 

well, new substitution processes have been 
put forward. CF3-imidazols have been syn­
thesized by the treatment with CF3-radi- 
cals, that were produced by irradiation of 
CF3I with y- or UV-rays1"7-1181.

CF3l/hv

(27)

7.2. CF3S- and CICF2-Substitution
Also in the field of R|S-substitution were 

new processes published, of which some 
start out from mercaptans or their salts.

Thus derivatives of benzene are produci­
ble by treatment of the respective thiolates 
with perhalogenohydrocarbons11221;

Aryl-SK + CF3Br-> Aryl-SCF3
Aryl-SK + CF2ClBr ^Aryl-SCF2C1 '

however, here dithioacetates are formed in 
addition.

(25)

Even complicated molecules can be di­
rectly fluorinated; however it must be em­
phasized that a generally applicable proce­
dure has not yet been reported, so that 
each problem must be solved individually.

Nevertheless, it can be stated, that ele­
mental fluorine, which in former times has 
been a meer curiosity, now enjoys a certain 
degree of integrity as a synthetic species. 
Better selectivity and higher yields are the 
aims in developing new, mild fluorinating 
agents and for modifying methods of 
known ones.

With respect to commercial applica­
tions, in fields such as pharmaceuticals and 
agrochemicals, fluorine chemistry main­
tains its classical role. New application 
modes will undoubtedly unfold e.g. 18F- 
marked biochemical tracers for medical 
purposes, so that, in future too, interesting 
results in organofluorine chemistry can be 
expected.

Analogously benzene derivatives were 
CF3-substituted, but here the CF3-radicals 
were produced by the addition of per­
oxides under heat11191.

Similar compounds could be synthesized 
from halogenated (bromine, iodine) aro­
matics with sodium trifluoroacetate in the 
presence of copper(i) iodide - here N- 
methylpyrrolidone serves as a solvent11201.

By the treatment of mercaptopyrim­
idines with perfluoroolefins RfS-substi- 
tuted 1,3-diazines are attainable11231.

Nucleophilic substitution of iodine 
atoms in aromatic systems is feasible 
through the use of Cu-perfluoroalkyl chal­
cogen salts. In this way were conceived 
- SCF3-, —SeCF3-, and —SC6F5-hexa- 
substituted benzenes1'241 as well as pyrim-

The authors thank Prof. N. Welcman for the 
English translation and Prof. Keith E. Pe­
terman for helpful discussion.
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