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Aromatic Monocarbonylpolyfluoro-compounds

T.N.Gerasimova and E.P.Fokin

The literature data on the methods of synthesis and chemical and photochemical reactions of aromatic polyfluoro-substituted
aldehydes and ketones are surveyed and arranged systematically. Attention is concentrated on the most characteristic reactions
of these compounds with nucleophiles. The characteristics of the structure and reactivity of monocarbonylpolyfluoro-com-
pounds due to the presence of electron-accepting fluorine atoms in their molecules are considered. Methods are described for
the preparation of aromatic o-hydroxy- and o-amino-substituted polyfluoroketones and certain aspects of their employment in
the synthesis of polyfluoro-substituted benzoheterocycles are examined.
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I. INTRODUCTION

During the last two decades, there has been an intense
development of the chemistry of aromatic polyfluoro-com-
pounds. In recent years a number of reviews devoted to the
methods of synthesis'’? and individual types of their reac-
tions®® as well as problems of the influence of polyfluoro-
benzene ring and the reactivity of the functional groups
linked to it”’® have been published. However, the volume of
experimental data has increased so much that its detailed
consideration and survey in terms of individual classes of
compounds has become necessary. In the present review an
attempt is made to do this in relation to aromatic carbonyl
polyfluoro-compounds. The review includes data on the
methods of synthesis and chemical properties of aromatic poly-
fluoro-substituted aldehydes and ketones of the type ArpCHO
and ArpCOR containing the C=0 group linked directly to the
aromatic polyfluoro-ring. Polyfluorobenzoic acids and their
derivatives are not considered in this review.

1l. METHODS OF SYNTHESIS OF AROMATIC POLYFLUORO-
SUBSTITUTED ALDEHYDES AND KETONES

The classical method of synthesis of aromatic ketones—the
Friedel-Crafts acylation®—has not been used widely in the
chemistry of aromatic polyfluoro-compounds. Only isolated
instances of the application of this reaction in the preparation
of aromatic polyfluoroketones are known. Thus the possibil-
ity of synthesising pentafluorobenzophenones by the reaction
of pentafluorobenzoyl chloride with benzene and alkylbenzenes
has been demonstrated®2:

AlCl,

CoHl + CoF4COCH —giott - CH,COGF,
(55%)
CoAlky + CaFsCOCI —20k> CoAlkyCOCEFs
(26—50%)

Alk=Me, or Et .

The acylation reactions of pentafluorobenzene in the pres-
ence of aluminiumchloride take place under severe conditions
and are complicated by side processesm, but the synthesis
of decafluorobenzophenone and a number of aliphatic aromatic
polyfluoroketones by the reaction of pentafluorobenzene with

carboxylic acid anhydrides and halides in antimony pentafluo-
ride has been described®®:

RpCOX umn (RECONO

CsFsH OF; — GFyCORg

(20—80%)

Rp=Alkg, or CFy .

Polyfluorobenzophenones have also been obtained by the
hydrolysis of the salts of o-fluorodiarylmethyl cations syn-
thesis from partly fluorinated aromatic hydrocarbons and
trifluoromethylbenzenes in antimony pentafluoride***S:

SbFs H,0

— R'CF,COCFR® ;
(75—93%)

RICF,CF; + R*CeF,H > RIGF,CFCE,R?

Rl=H, or F; R?=H, F, or Me

The most widely used method of synthesis of aromatic poly-
fluoro-substituted aldehydes and ketones is based on organo-
elemental compounds. Penta- and tetra-fluorobenzaldehydes
have been obtained from the corresponding polyfluorophenyl-
magnesium halides and N-methylformanilide in 50—80% yield'5*®,
The attempts to carry out the reaction with ethyl formate or
orthoformate resulted in appreciable reduction of the yield of
products*®:2®, Pentafluorophenyl-lithium has been used suc-
cessfully instead of a Grignard reagent?'~2%,

Aromatic and aliphatic-aromatic polyfluoroketones are
usually obtained by the interaction of polyfluorophenyl
derivatives of metal—magnesium, copper, cadmium, and
aluminium—with carboxylic acid derivatives'®?”>2%733  There
are extremely few examples of the use of aromatic polyfluoro-
substituted carbonyl compounds or their analogues in such
reactions 7%

—(MeCONO ¢, FyCOMe (48%)
—CECOLL L ¢ F,COCF, T1%)
CeFsMgX ——
PhCOCL . C,FsCOPh (62%)
C1CO;
M GRCOGF,  [(33%)
CoFcN —2M8X . CECOR; R=Me, or Ph
(40—60%)
CFcoc) —MC, ¢ coMe .
(56%)
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A preparatively important version of this method is based
on the interaction of benzaldehyde or its substituted deriva-
tives with Grignard reagents in combination with the classical
reaction involving the oxidation of the secondary alcohols thus
produced. The oxidant is usually chromium trioxide in gla-
cial acetic acid*®>3"™3, Polyfluoro-substituted benzo- and
aceto-phenones containing various functional groups have
been prepared by this method"®™%,

Aliphatic-aromatic polyfluoroketones with ester and other
functional groups have been synthesised successfully with the
aid of the disodium salt of iron hydrocarbonyl*®:

NagFe (CO)4 -+n-CsH,,0CO (CHy); CH Br + CoFiCOCI — CoFyCO (CH,)s COCeHu N .

A specific reaction for the synthesis of aromatic polyfluoro-
ketones involves the cleavage of polyarylfluorocarbinols in an
alkaline medium"’™°, The use of anhydrous potassium fluo-
ride as the base ensures that the process proceeds unambigu-
ously and is preparatively valuable®®:59:

F F F F
5 KF >
~ 7 N —_— __ 7 -
(CyHs), C (\:/ O, acetone, bp. C4F3CO L OMe
SN 7N
OMe F OMe F
(98%)

A number of other methods normally employed in the chem-
istry of non-fluorinated analogues have also been applied
successfully in the synthesis of aromatic polyfluoro-substi-
tuted carbonyl compounds. Pentafluorobenzaldehyde has been
obtained from pentafluorobenzonitrile by reduction with stan-
nous chloride®* or Raney nickel®*. The formation of poly-
fluorobenzophenones by the oxidation of olefins®! and by the
thermolysis of salts of polyfluorobenzoic acids®*5 or penta-
fluorobenzoyl chloride in the presence of alkali metal salts®®
has been described.

111. CHEMICAL PROPERTIES

The substitution of hydrogen atoms in the aromatic ring of
the carbonyl compound by fluorine atoms, which are highly
electronegative, alters the electronic character of the aroma-
tic ring and the properties of the carbonyl group linked to it.
In aromatic polyfluoro-substituted carbonyl compounds the -I
effect of the pentafluorophenyl group®’**® is enhanced by the
breakdown of the coplanarity of the molecules, which hinders
the conjugation of the carbonyl group with the aromatic ring.
The difficulty of the rotation of the C.F; groups about the

C —~C _,__ bond has been noted for decafluorobenzophen-
arom C=0

one®’. The determination of the dipole moments of penta-
fluorobenzaldehyde and pentafluoroacetophenones in solution
and their comparison with the calculated values showed that
the formyl and acetyl groups deviate from the plane of the
ring (the dihedral angles are 28° and 58° respectively)
largly due to the Coulombic repulsion between the oxygen
atoms or between the methyl group and fluorine atoms®’. It
is noteworthy that the molecules of the non-fluorinated ana-
logues of these compounds are planar. Direct evidence for
the greater electron-accepting influence of the pentafluoro-
phenyl group compared with the phenyl group is provided by
the hypsochromic shift (by 20—30 cm™) of the stretching
vibration band of the carbonyl group in the infrared spectra
of aromatic polyfluoro-substituted aldehydes and ketones®:.

The -I effect of the pentafluorophenyl residue should lead,
on the one hand, to an enhancement of the electrophilic prop-
erties of the carbon atom of the carbonyl group linked to it
and to a facilitation of nucleophilic attack via this carbon
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atom and, on the other hand, to a decrease of the basicity

of the C=0 group and a greater difficulty of acid catalysts,
which plays an important role in many reactions of carbonyl
compounds. Unfortunately there are no quantitative litera-
ture data for the relative basicities of aromatic polyfluoro-
substituted aldehydes and ketones. It has only been shown
that perfluorobenzophenone is appreciably protonated on dis-
solution in sulphuric or fluorosulphonic acids®? and forms the
corresponding oxycarbonium in in the SbF,—HF-SO,CIF sys-
tem®3,

The presence of the polyfluoroaryl residue in the molecule
of the aromatic polyfluoro-substituted carbonyl compound not
only transforms the properties of the carbonyl group but is
also responsible for the possibility of nucleophilic substitution
in the fluorine atoms. The carbonyl group has an activating
influence on this process. Overall, aromatic polyfluoro-
substituted aldehydes and ketones are polyfunctional com-
pounds, the characteristics and chemical properties of which
are determined by the mutual influence of the carbonyl and
polyfluorophenyl groups linked directly.

1. Reactions with N-Nucleophiles

The interaction of aromatic aldehydes and ketones with
nitrogen bases, which is the most important and most
thoroughly investigated type of their reactions, usually leads
to the formation of derivatives of the carbonyl group. The
reactions of aromatic polyfluoro-substituted carbonyl com-
pounds with N-nucleophiles are less unambiguous. Depending
on the structure of the reactants under the reaction condi-
tions, they can involve both the carbonyl group, with forma-
tion of the corresponding nitrogen-derivatives, or the halo-
form decomposition of the initial compound, or the substitution
of fluorine atoms.

Aromatic polyfluoroaldehydes react with hydrazine, semi-
carbazide, thiosemicarbazide, and 2,4-dinitrophenylhydrazine,
forming the corresponding derivatives of the carbonyl group
under the usual conditions®2%:3%:64:85  when pentafluorobenz-
aldehyde was allowed to react with O,N-bis(trifluoroacetyl)-
hydroxylamine—a new reagent for the carbonyl group—
pentafluorobenzonitrile was obtained in 76% yield®®.

Pentafluorobenzaldehyde exhibits a high reactivity in rela-
tion to primary aliphatic and aromatic amines via its carbony!
group. It reacts with ethylamine in water without the elimin-
ation of fluoride ions, forming N-(pentafluorobenzylidene)-
ethylamine®*. Its react with aniline and the very weakly
basic pentafluoroaniline (pK, =-0.28) °7 leads to the formation
of the corresponding Schiff bases'®!7:®% Tne interaction
with the more nucleophilic bromomagnesylaniline results in the
formation not only of the anil of pentafluorobenzaldehyde but
also of products of its further reactions®®:

CiFsCHO —TRoimabe
CH=NPh F
i |
A amen 2NN\
—+ C,F;CH=NPh + ] \1 + ’ J J (1:1:0,5)
PN\ NN
F F

Pentafluorobenzaldehyde reacts with dimethylamine in
ethereal solution at room temperature, the process involving
the substitution of a fluorine atom by the dimethylamino-
group®. The preferential ortho-directing effect observed in
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this reaction is in all probability caused by the specific inter-
action of the reagent with the formyl group:

U/m,

\
F

Me,NH

GoFCHO “ether, 2

/\

rJ (3:2)
N\

ik

p-Aminotetrafluorobenzaldehydes can be obtained by an
indirect method via the diethyl acetal of pentafluorobenz-
aldehyde®®:

?H (OEt), cHO
|
o NN RN
CoFsCHO —%EDe . ¢ £ CH (OEt), - - M
BN\ N\p BN \p
b X
/ N
X=NMe,; or N o .
N/

2,3,4,5,6-Pentafluoroacetophenonet exhibits a reactivity
towards substituted hydrazines which resemble that of the
non-fluorinated analogue®*’’®, Octafluoroacetophenone, con-
taining the highly electronegative trifluoromethyl group,
reacts vigorously with free hydrazine’!. However, in con-
trast to aliphatic polyfluoroketones’®’?, it does not then form
a stable geminal addition product, but undergoes the haloform
decomposition with elimination of the relatively stable penta-
fluorophenyl anion®. Reactions with the less nucleophilic
phenylhydrazine and hydroxylamine take place on heating and
lead to appreciable elimination of fluoride ions and formation
of complex mixtures. Derivatives of the carbonyl group have
been obtained on refluxing octafluoroacetophenone with the
hydrochlorides of the corresponding bases in an agueous
alcoholic medium7*+7*:

RNH,-HC[

C4F3COCF, CoFy (CF;)C=NR

=NH,, NHPh or OH

The oximes of 2,3,4,5,6-pentafluoro- and decafluoro-deoxy-
benzoins’® as well as the oxime of pentafluorobenzophenone
have been obtained similarly. The latter is unstable and

undergoes spontaneous cyclisation to an oxazole derivative

F\ /F

NH,OH.HC1 —_—/ﬂ—
alcohol, b.p. C‘ﬁ?’h = pe—__ /¥

HON Neo’ NF

CeFsCOPh

Polyfluorobenzophenones react with hydrazine and phenyl-
hydrazine with substitution of a fluorine atom by the RNHNH
group and do not change on prolonged refluxing with their
hydrochlorides in an aqueous alcoholic solution®*”*. The lack
of interaction with free bases via the carbonyl group can be
accounted for by the influence of a number of factors, the
most important of which is apparently the steric effect of the
ortho-fluorine atoms, which hinder the approach of the
nucleophile to the central carbon atom®®77®, The reduced
reactivity of aromatic polyfluoroketones under the conditions

+ Henceforth the positions of the fluorine atoms in 2,3,4,5,6-
pentafluoroacetophenone and 2,3,4,5,6-pentafluorobenzo-
phenone will not be indicated in this review.

16,74,
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of acid catalysis, caused by their low basicity, is also mani-

fested under very severe conditions, compared with the non-
fluorinated analogues, in the synthesis of 2,4-dinitrophenyl-
hydrazones3°7!:

2,4-DNPH, conc. HzSO4

“alcohol,bp, 7-23h . CeFs (R) C= NNH—-—// \—No,

GeFsCOR

NO,
R=CF;, Ph or CjF;

Aromatic polyfluoroketones react with’ammonia and aliphatic
amines with substitution of one or several fluorine atoms by
the corresponding amino-groups, exhibiting at the same time
a higher reactivity than hexafluorobenzene*®’”7%, A prefer-
ential para-directing effect is shown in a polar medium, while
the reaction is a non-polar solvent can lead to an increased
content of the ortho-isomer in the product””:

F F F F
N /7
. MeNH, \\ / N\ .
CoFyCOMe o ot MeCO— D—NHMe 4 MeCO— <=>—F (64:36) ,
/T \ / N
F F NHMe F

The interaction of polyfluoro-substituted aceto- and benzo-
phenones with aromatic amines in aromatic solvents proceeds
only via the substitution of fluorine by the arylamino-group.
The isomeric composition of the reaction product depends on
the structure of the initial ketones and on the polarity of the

medium®°782;
F F
v
RCOC,Fy — g RCO—>\_>\ —~F  (R=Me, Ph) ;
RN
PINH  F
F F F F
PhNH > < >—~<
CiFiCOCF, — i GF0—( __ S—F + CFco—7 /\—Nﬂon a:;
/ AN / \
BINH  F F
F F
PhNH,; \ /
CF{COCFs — o~ CFyC0—¢ >-—NHPh
F/ AN

When the reaction of aromatic polyfluoroketones with aniline
is carried out without a solvent in the presence of an excess
of aniline, somewhat different results are obtained. The main
reaction products are in this case polyfluoroacridines, the
formation of which can be represented schematically in the
following manner®’

R F
|
o N AT
RCOCF, —+ Re0O— 3% 5~ | | ;
— NN
piNH  F [

R=Me, CF;, or Ph; X=F or NHPh ,

The unusual conditions of the intramolecular cyclisation of
o- anllmoketones which usually occurs in acid medla are
striking®®. Presumably in this instance the PhNH3 ions,
formed as a result of the nucleophilic substitution of fluorine,
play the role of the acid catalyst. Accordingly, the addition
of potassium carbonate to the reaction mixture prevents the
formation of acridines®”:%!,

# 2,4-DNPH = 2,4-dinitrophenylhydrazine [2,4-(NO,),C¢H,.
NHNH,].
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The study of the interaction of aromatic polyfluoroketones
with aniline showed that nucleophilic addition to the carbonyl
group, leading to the formation of anils, takes place to an
appreciable extent only for octafluoroacetophenone®®. A
method of synthesising anils from other ketones of this series
has been recently discovered®. It consists in the interaction
of the ketone with aniline in benzene or chlorobenzene in the
presence of anhydrous aluminium chloride. The role of the
latter evidently reduces to the activation of the carbonyl
group with respect to nucleophilic attack as a result of com-
plex formation via the oxygen atom:

CFyCOR —gr Sk ¢, F,C (R)=NPh ;
R==Me, Ph, or GgFs

2. Reactions with O-Nucleophiles

Aliphatic perfluoro-substituted aldehydes and ketones, in
which the electrophilic properties of the carbonyl group are
greatly enhanced as a result of the strong electron-accepting
influence of the perfluoroalkyl groups, react extremely
readily with compounds of the type ROH (R =H or alkyl),
forming geminal addition products’?7%%%,

Decafluorobenzophenone, which is an aromatic perfluoro-
ketone, does not form a hydrate!®. In contrast to its non-
fluorinated analogue, pentafluorobenzaldehyde reacts with
methanol in the absence of acid to form a hemiacetal. Its
acetals have been obtained only after prolonged refluxing
with alcohols in the presence of concentrated hydrochloric
acids®". The use of orthoformic ester instead of alcohol
made it possible to obtain a high yield of the diethyl acetal
of pentafluorobenzaldehyde®®.

In contrast to its non-fluorinated analogue, pentafluoro-
benzaldehyde exhibits a very high tendency towards the
haloform decomposition; under the conditions of the Canniz-
zaro reaction, it is cleaved with formation of pentafluoro-
benzene and formic acid*®’®®. 4-X-tetrafluorobenzaldehydes®*
as well as aromatic polyfluoroketones®:*®*%7? undergo a simi-
lar reaction in an alkaline medium. Among the latter, the
highest reactivity is shown by decafluorobenzophenone, which
decomposes at room temperature under the influence of 10%
KOH:"?

OH

K
CoFsCOCsFs 535~ CoFsH + CeFsCOH

The mechanism of the cleavage of aromatic polyfluoro-sub-
stituted carbonyl compounds is in all probability analogous to
that proposed earlier for the decomposition of non-enolising
ketones in an alkaline medium®’:

FiCon FiCo /0"

R/c:o + A= R/C\A ) 1)
R

R/C\A —> CF; + RGA , 2)
CeFy + AH —> CeFsH + A” . (3)

The increased tendency of aromatic polyfluoroketones to
undergo cleavage compared with their non-fluorinated ana-
logues can be explained by the more marked electrophilic
properties of the carbon atom of the carbonyl group and also
by the possibility of the elimination of the stable pentafluoro-
phenyl anion. The relative ease of decomposition of deca-
fluorobenzophenone is evidently caused by the favourable
energy change in stage (2) in consequence of the steric strain
in the intermediate anion (I) and also the electron shift, indi-
cated in the above scheme by arrows, under the influence of
the two electron-accepting pentafluorophenyl groups.
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The mode of the cleavage reaction is determined by the
relative stability of the carbanions, which are potential leav-
ing groups. A detailed analysis of the products of the
cleavage of aliphatic-aromatic polyfluoroketones, carried out
by Coe et al.>® (see Table), confirmed this view. The rela-
tive stability of the anions corresponding to the hydrocarbons
formed decreases in the sequence %% CCI; >CF; >CF; >CgH;.

The haloform decomposition of aliphatic-aromatic fluoroketones
(4 N KOH, refluxing for 4 h).*®

Reaction product

Initial ketone -
hydrocarbon acid

CgFsCOMe CeFsH MeCO,H
CgFCOCH,Br CoFgH BrCH,CO,H
CsF;,COCHCIy CeFsH Cl,CHCO,H
CgFsCOCF, CgFpH CF3COH
CgF5COCCl, CHCl, CeFsCO,H
CgH;COCF, CHF, CgHsCO,H

The haloform decomposition reaction is extremely character-
istic of aromatic polyfluoro-substituted carbonyl compounds
and proceeds in the presence of not only aqueous alkali but
also of other charged nucleophiles. It is possible that this
process is in fact the cause of the low yield of 4-methoxy-
tetrafluorobenzaldehyde, obtained by the reaction of penta-
fluorobenzaldehyde with sodium methoxide in methanol®*. In
contrast to their non-fluorinated analogue, which is stable
under the conditions of prolonged refluxing with sodium
methoxide in methanol, penta- and deca-fluorobenzophenones
undergoe reactions of two kinds in this medium at room tem-
perature; nucleophilic substitution of fluorine atoms by
methoxy-groups and cleavage with elimination of the penta-
fluorophenyl! residue and the formation of methyl esters of
benzoic and pentafluorobenzoic acids®®>®%:

F F
MeONa, MeOH >_< .
CgF;COPh ———————— C4F;H + PhCO—-\ /~0Me -+ PhCOMe
7 AN
F F
F F F F
MeONa, MeOH >—< >—<
CyFsCOCF; — > CgFH + MeO— —CO— —OMe 4
N/ N/
/ N i N
F OMe F F
F F F F

N/ N/
+ MeO—-{ >—C02Me + Meo—<_>~co,Me
— -

N
F F F OMe

In order to reduce the extent of the second process and to
increase the yield of methoxy-ketones, one must prevent the
presence of an excess of sodium methoxide in the reaction
mixture®?,

3. Reactions with Sulphur Compounds

Pentafluorobenzaldehyde forms a bisulphite compound on
being shaken with a saturated solution of sodium bisulphite’®,
Its equimolar mixture with thiophenol in acetone gives rise to
a crystalline hemithioacetal partly dissociated into the initial
components on dissolution in carbon tetrachloride or acetone®".
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On the other hand, according to other data®’, pentafluoro-
benzaldehyde does not react appreciably, like its non-fluo-
rinated analogue, with propane-1-thiol in methylene chloride
solution in the absence of acid; the addition of the latter leads
to the formation of the thioacetal. The diethyl thioacetal has
been obtained from pentafluorobenzaldehyde by reaction

with ethanethiol in the presence of concentrated hydrochloric
acid®* or with phenyldi(ethylthio)borane®!.

CoFyCHO -+ PhB(SEt); — 1/3 (PhBO), -+ C4F,CH (SEt); .
(45%)

Several examples of the nucleophilic substitution of fluorine
in pentafluorobenzaldehyde by sulphur-containing residues
are known®®. 4-Mercaptotetrafluorobenzaldehyde has been
obtained in 61% yield by the reaction of pentafluorobenz-
aldehyde with sodium hydrogen sulphide in dimethylform-
amide (DMF) at 0 °C. The reaction with sodium thiophenoxide
in DMF proceeds with evolution of heat and the substitution of
all five fluorine atoms by PhS groups; in methanol the main
reaction product is 4-phenylthiotetrafluorobenzaldehyde
(yield 68%).%*

The interaction of aromatic polyfluoro-sbustituted aldehydes
and ketones with sulphur tetrafluoride leads to the substitu-
tion of the carbonyl oxygen atom by two fluorine atoms. The
reaction conditions depend on the structure of the initial
carbonyl compound and the introduction into its molecule of
electron-accepting groups leads to a decrease of reactivity.
The reaction with perfluoroketones requires either a high
temperature or the presence of acid catalysts. This reaction
can serve as a method for the preparation of polyfluorinated
hydrocarbons containing fluorine atoms in both the aromatic
ring and in the side chain, which are otherwise difficult to
obtained:

CoFsCOR —*

> GFCFR
—H, 140—170°, yield 51% % or 100°, HF, 80% ; R=Me, 115°, 79% 53;

R=CFy, 170°, HF, 85% ®3; R=Alkg, 180°, AIF;, 90%°%;
R=Ph, 180°, 40% °; R=C,F;, 235°, 889% .

4. Reactions with C-Nucleophiles

(a) Reactions with pseudoacids. In contrast to its non-
fluorinated analogue, pentafluorobenzaldehyde does not
undergo the benzoin condensation with potassium cyanide in
aqueous alcoholic solution®®. Its cyanohydrin has been
obtained in a low yield by the reaction of the bisulphite
derivative with NaCN in aqueous solution®’.

In contrast to hexafluoroacetone, which forms stable cyano-
hydrin salts on interaction with sodium or potassium cyanides
in tetrahydrofuran®, aromatic polyfluoroketones remain
unchanged on being refluxed with KCN in this solvent. In
alcohol the reaction proceeds in several ways, the main one
involving the haloform decomposition of the initial ketone and
also of the product of the substitution of the p-fluorine atom
of the carbonyl group can be in this instance either the
cyanide ion or the EtO~ ion. The presence of the latter in
the reaction mixture is indicated by the formation of the cor-
responding nucleophilic substitution products. Among aro-
matic polyfluoroketones, the most reactive is decafluoro-
benzophenone, which forms a complex mixture of products on
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reaction with KCN in alcohol at room temperature"*:

F F
KCN, EtOH \_/
CoF:COC,F e CoFeH + H—<__>—CN +
/N
¥ F
F F F F
— —
+ CyF{CO,Et -+ Eto—<=>—co,st + Et0—<=>—COC,,F5
VRN s
F F F F

Polyfluorobenzaldehydes undergo aldol condensation with
compounds containing active methyl or ethylene groups,
exhibiting the usual reactivity or a reactivity which is some-
what reduced compared with its non-fluorinated analogues.
Pentafluorobenzaldehyde reacts with malonic and acetoacetic
esters in the pesence of piperidine under more severe condi-
tions than does benzaldehyde, forming the corresponding
a,B-unsaturated carbonyl compounds®’:

H,C(CO,Et),

piperidine, benzene, bp. o sC - ~C(C0:ENs

(34%)

CoF;CHO—
MeCOCH,COEt | ¢k CH=C( OMe
piperidine, alcohol, 70 ° \CO,Et
(52%)

2,3,4,5-Tetrafluorocinnamic acid has been obtained by the
reaction of 2,3,4,5tetrafluorobenzaldehyde with malonic acid
(in pyridine, in the presence of piperidine)!®. On the other
hand, the initial condensation product (the hydroxy-acid)
was obtained under similar conditions from pentafluorobenz-
aldehyde and then converted into 2,3,4,5,6-pentafluorocin-
namic acid by heating with concentrated H,SO,.®

Pentafluorobenzaldehyde could not be made to undergo the
Claisen—Schmidt reaction with acetone and acetaldehyde in the
presence of aqueous alkali®’., In alcoholic solutions of alkalis
the reaction with acetone leads to a low yield of 2,3,4,5,6-
pentafluorcbenzylideneacetone and its p-alkoxy-derivative®®:

Cl CO
M+ CyFCH=CHCOCH, + n-ROC,F,CH—=CHCOCH,

(6—13%) (26%)

CgFsCHO

The condensation of pentafluorobenzaldehyde with acetalde-
hyde was achieved only in an anhydrous medium in the pres-
ence of piperidine and the formation of the aldol (II) was
detected®’:

CH,CHO
—ieriding, 3 CoFiCHCH,CHO —~ C,F,CH=CHCHO
H (11)

The increased stability of the aldol addition products,
obtained from pentafluorobenzaldehyde, is in all probability
due to the electron-accepting influence of the pentafluoro-
phenyl group, which hinders dehydration by increasing the
amount of double bond character of the C=0 linkage and
strengthening it'%°7. The formation of nitroalcohols instead
of nitro-olefins from pentafluorobenzaldehyde and nitro-
alkanes when the reaction is carried out in agqueous alcoholic
alkali at 0 °C can be explained similarly3*°%!°°. More severe
reaction conditions are essential for the synthesis of nitro-
olefins?3:

C,FsCHO “7%) .

CoFiCHO —ppon oot GFiCHCHNO, (78%)
OH
NI NS
MO 3CHO e Me0—(_ D—CH=CCH,  (54%).
7k ¥ ¢ Mo
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Pentafluorobenzaldehyde has been successfully made to
undergo the Perkin reaction!®:

(CH,CO),0, CH,CO.K
- 130°

CgFyCHO - CgFyCH=CHCO,H  (36%)

The interaction with 2,3,4,5,6-pentafluorophenylacetic acid
gives rise to decafluoro-o-phenylcinnamic acid with an admix-
ture of 3-pentafluorophenyl-5,6,7,8-tetrafluorocoumarin,
which is apparently a product of the subsequent reaction of
the latter'®’:

F
I
(CH,C0),0 F\/\/\/CGF‘
CoF,CHO + CyFyCH,CO,H Etaﬁﬁ’ CoFsCH=C(C,Fs) COH +- l “
Y YAVYAN
(64%) F i o7 "o

2%)

The condensation of polyfluorobenzaldehydes with thio-
cyanogen'® and hippuric acid!’?7'%* has been described. A
complex mixture of products has been obtained from penta-
fluorobenzaldehyde and 2,3,4,5,6-pentafluorophenylaceto-
nitrile in dimethoxyethane in the presence of KF.!?®

The reaction of pentafluorobenzaldehyde with acetophenone
in aqueous alcoholic alkali leads to the formation of 2,3,4,5,6-
pentafluorobenzylideneacetophenone®’?”. Pentafluoroaceto-
phenone can serve as the methylene component; the concen-
tration of alkali should not exceed 1.5%to avoid the subsequent
haloform decomposition of decafluorobenzylideneacetophenone
into pentafluorobenzene and pentafluorocinnamic acid:

NaOH .
“aq. alcohol = CeF;CH=CHCOAr

Ar=Phor CgFs5

CoF;CHO -+ CH,COAr

The condensation of pentafluoroacetophenone with aromatic
aldehydes can proceed in the presence of a strong protic acid,
but in this case it is accompanied by the interaction of the
resulting benzylideneacetophenones with the initial ketone,
which leads to the formation of pentafluorophenylpyrylium
salts1%®,

The use of pentafluoroacetophenone as the methylene com-
ponent in condensation reactions with aromatic and aliphatic
acid esters has been described?®:1°7:108,

On the basis of general ideas concerning the mechanisms of
the reactions of carbonyl compounds with C—H acids'’?, pre-
sumably the enolic form of pentafluoroacetophenone, which
can be formed under the influence of both a base and an
acid§ , can serve as an intermediate in the reactions of this
compound described above regardless of the medium. The
ambident behaviour of the aromatic fluorine atom of the
enolate pentafluoroacetophenone anion, obtained by the reac-
tion of sodium hydride in polar aprotic solvents, has been
demonstrated*? in a nucleophilic substitution reaction:

NaH
CoFsCOCH, -+ GiFyCF, '@:7? P-CF3CF CH,COC,F; +p-CF,CF,0C=CH, .
CiFs
(26%) (25%)

The enol of pentafluoroacetophenone is evidently an inter-
mediate in its bromination to a-bromopentafluoroacetophenone
$4,38,112 By yirtue of the strong electron-accepting influence
of the pentafluorobenzoyl group, the bromine atom in the lat-
ter assumes to a large extent the character of a positively
charged halogen atom and is readily substituted by hydrogen
on treatment with dilute aqueous alkali or sodium iodide in

§ The anomalous course of the reaction of pentafluoroaceto-
phenone with the Vilsmeier reagent is apparently due to the
influence of the o-fluorine atoms'!’.

563

alcohol**?, This is also the cause of the different behaviour,
compared with its non-fluorinated analogue, of a-bromopenta-
fluoroacetophenone in reactions with sodioacetoacetic ester in
an ethereal medium®*? and also with solutions of sodium meth-
oxide or potassium fluoride in methanol*!?,

(b) Reactions with organometallic compounds. Organo-
magnesium synthesis using carbonyl compounds plays an
extremely important role in the chemistry of aromatic poly-
fluoro-compounds. The reactions of polyfluorophenylmagne-
sium halides with non-fluorinated carbonyl compounds are
very widely used®’!'*, On the other hand, very little is
known about the interaction of aromatic polyfluoro-substituted
carbonyl compounds with Grignard reagents.

Pentafluorobenzaldehyde reacts with organomagnesium com-
pounds in the usual way with formation of secondary alcohols.
Both alkyl- and arylmagnesium halides, including derivatives
of halogenopolyfluorobenzenes, can be introduced into the
reaction. The reaction of 4-methoxytetrafluorobenzaldehyde
with 2,3,4,5-tetrafluorophenylmagnesium bromide has also
been described"*’:

RMgHal
ether

CsFsCHO = C4F3CH (OH)R R=CH,Ph#¢, Phss, C,F},

D-XCF344, or 2,3,4,5-F,CgH"

The interaction of aromatic polyfluoroketones with organo-
magnesium compounds is more complex and more ambiguous.
The type of reaction depends on the structure of the ketone
and the Grignard reagent. Thus tris(pentafluorophenyl)-
methanol has been obtained from decafluorobenzophenone and
pentafluorophenylmagnesium bromide in tetrahydrofuran
(THF).''® On the other hand, phenylmagnesium bromide
reacts with polyfluorobenzophenone in two ways: via the
carbonyl group with formation of a tertiary alcohol (and pre-
dominantly), via substitution of the o-fluorine atom by the
phenyl group?*®:?'7, Ppentafluorophenyl(diphenyl)methanol
and 3,4,5,6-tetrafluoro-2-phenylbenzophenone have been
obtained from pentafluorobenzophenone under these condi-
tions. In the case of decafluorobenzophenone more than 70%
of F~ is split off and a complex mixture of products is formed
whose infrared spectrum contains C=0 and OH absorption
bands and from which 2,2-diphenyloctafluorobenzophenones
was isolated!'’:

F F
—_— AN 7
CoFsCOPl o e~ Phy (CoFy) COH - PhCO—¢ >_F :
(27%) N
ph F
(52%)
F Ph  Ph F
PhMgBr > < \ {
COFsCOCFy ~giher, 5~ F—{__ 3=0—¢  S—F  (25%)

AN 7
F F F F

Pentafluoroacetophenone reacts with phenylmagnesium
bromide without elimination of F~ and with formation of
1-pentafluorophenyl-1-phenylethanol, while octafluoroaceto-
phenone gives rise to a complex mixture of products?’.

The reaction involving the substitution of a o-fluorine atom
in polyfluorobenzophenones by the phenyl residue is caused,
in all probability, by two factors: the reduced reactivity of
their carbonyl group with respect to phenylmagnesium brom-
ide owing to the presence of two (or four) o-fluorine atoms
and also by the extremely high nucleophilic mobility of the
latter. The specific o-directing effect in the process indi-
cates the formation in the transition state of a type (III)
cyclic complex with participation of the C=0 group of the
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ketone and a PhMgBr molecule’*®, which is promoted when

weakly polar ethyl ether is used as the solvent:

Ar 0. Ar 07
N NS,
Y MgBr o “MgBr COAr
F F 3 ¥ g Ph
PhMgBr Ph ¥ / F
— — —
CgF5COAr Ph TMgher
F F F F F F .
F F ¥

(11D

Methylmagnesium iodide, whose reactions via the carbonyl
group are less sensitive to steric hindrance!!®, reacts with
polyfluorobenzophenones and also with octafluoroacetophenone
mainly via the carbonyl group with formation of tertiary alco-
hols?!7>1®  On the other hand, the reaction of pentafluoro-
acetophenone with methylmagnesium iodide is complicated by
the aldol condensation. The diol (IV) isolated is a product of
the interaction of the intermediate aldol with the reagent:

CoFsCOMe TN:%” CaF,(]IMe,-i— CoFs (Me) CCH,C (Me) CeFy &
OH OH OH
(32%) )

The interaction of aromatic polyfluoro-substituted carbonyl
compounds with organolithium compounds has been little
investigated. It has only been shown that aromatic poly-
fluoroketones react with pentafluorophenyl-lithium via the
carbonyl group with formation of tertiary alcohols!2%:122, pre-
sumably their interaction with other organolithium compounds
is complicated by the reaction involving the substitution of
fluorine atoms.

(c) Reactions with diazomethane. Acetophenone reacts with
diazomethane at an appreciable rate only in the presence of an
acid catalyst'?3. Pentafluoroacetophenone also remains
unchanged when the reaction is carried out in ether at room
temperature without added catalyst'?*. Like aliphatic poly-
fluoroketones'?®, octafluoroacetophenone reacts readily with
diazomethane in an ethereal solution at 0 °C, being wholly
converted into a mixture of substances whose main component
is 1-pentafluorophenyl-1-trifluoromethylepoxyethane (V).**
Furthermore, the geometrical isomers of 1-methoxy-2-penta-
fluorophenyl-1-trifluoromethylethylene have been isolated
from the mixture. They are not products of the conversion of
the epoxide (V), since it has been established that the latter
is resistant to the action of diazomethane at room temperature.
Their formation can be represented by the following scheme,
which includes stages where the intermediate species (VI) is
methylated with subsequent rearrangement of the carbonium
ion (VII) via the migration of the C.F; group to a neighbour-
ing electron-unsaturated carbon atom:

C‘Fs
— N C4F;C——CH,
CF, \0'/
| + v
CsFsCOCFy — | CiFsC—CHN=N |—| V)
o~ (VI CF,
CH,N,, H+ | +
T =Ny Cercl-CHn»
OCH; (V1D

CF, H CF, CeFs CFa\ 4+
Neecl Neec/ .__[ NECH,GHF, ] .
a0’ RN, T a0’ N e ot

The possibility of such migration has been confirmed in rela-
tion to the acid-catalysed conversion of decafluorodiphenyl-
acetaldehyde into decafluorodeoxybenzoin®3.
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5. Reactions with Phosphorus Compounds

Like other aromatic aldehydes containing electron-accepting
substituents'?®, pentafluorobenzaldehyde readily reacts with
tris(dimethylamino)phosphine to give a mixture of diastereo-
isomeric oxides of decafluorostilbene®®:

2CsFsCHO + (MegN); P — CoF;CH—CHC,Fy 4 (Me;N), P=0
o/
Triphenylphosphine imine causes the haloform decomposition
of octafluoroacetophenone in ether at room temperature’*:

Ph,P=NH

C4F5 (CF;) C=0 “ether 305 CqFgH -+ CF;CON=PPh,

A similar reaction has been observed*?’ in an attempt to

explain the imine of nitroperfluoroacetone. The interaction of
octafluoroacetophenone and also 4-anilineheptafluoroacetophe-
none with triphenylphosphine N-phenylimine, which is less
nucleophilic than Ph,; =NH, led to the formation of their
anils”*:

PhyP=NPh

Arp (CFy) C=0 —2 =%

- Arg (CF;) C=NPh
(58—83%)

Arp=CyFy or p-PhNHC,F,

’

Pentafluoroacetophenone and pentafluorobenzophenone do
not react with triphenylphosphine N-phenylimine on refluxing
in ether. Decafluorobenzophenone reacts with the latter com-
pound to form a very complex mixture of products from which
p-anilinononafluorobenzophenone was isolated” in a low yield.
The ability of triphenylphosphine N-phenylimine to substitute
fluorine via a nucleophilic mechanism had been pointed out
earlier!?®,

Pentafluorobenzaldehyde reacts with pentafluorophenyl-
and pentafluorobenzoylmethylenetriphenylphosphoranes, the
corresponding products of the reaction via the carbonyl
group being formed 1*%:1%:

RCH=PPh,

CgF;CHO — CgFsCH=CHR

R=CF;  or CgFsCO

(32—50%)

The attempt to carry out the Wittig reaction between aro-
matic polyfluoroketones and methylenetriphenylphosphorane
led to their haloform decomposition’*. Phosphorus pentachlo-
ride reacts with pentafluorobenzaldehyde and octafluoro-
acetophenone to form the corresponding dichloro-derivatives:

PCI
CsF3(R)IC=0 —jggo-> CFs (R)CCly
R=H, yield 100% '¢;
R=CF;, yield 87%%

The resistance of decafluorobenzophenone to the action of PCl;
under severe conditions has been noted!®!.

6. Oxidation Reactions

Only a few examples of the oxidation of polyfluorobenz-
aldehydes to the corresponding acids are known. Penta-
fluorobenzaldehyde is oxidised smoothly to pentafluorobenzoic
acid in oxygen at 110 °C.'® The oxidation can be carried out
under the influence of potassium or sodium dichromate in
sulphuric acid at 100 °C. This method is convenient and can
be used in the preparative synthesis of polyfluorobenzoic
acid?3? and also for the oxidation of other polyfluorobenz-
aldehydes®®®® or their diacetals®®. It has been shown"® that
p-methoxy-2,2',3,3',4,5,5',6-octafluorobenzophenone undergoes
oxidative cleavage with formation of 2,3,4,5-tetrafluorobenzoic
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acid on heating with concentrated sulphuric acid at 100 °C:

F F F F F F
D T e ST
— AN . —] 2t P —
MeO— 30—  »—F o~ F—{__ >—COH
7N N e
F F F F

(55%)

7. Reduction Reactions

The reduction reactions of aromatic polyfluoro-substituted
carbonyl compounds take place under the usual conditions,
but are in many instances complicated by the side processes.

Polyfluorobenzaldehydes are reduced to the corresponding
aleohols by refluxing with Raney nickel in alcohol®* and with
lithium tetrahydroaluminate in ether at 20 °C.%2? Decafluoro-
diphenylmethanol has been obtained in a low yield by the
reaction of decafluorobenzophenone with LiAlH,. ' When this
method of reduction is used for aromatic polyfluoro-substitu-
ted carbony! compounds, one should bear in mind that the
reaction may be accompanied by the substitution of the
o-fluorine atom by hydrogen*2.

The reduction of decafluorobenzophenone with hydriodic
acid in the presence of red phosphorus at 170-200 °C yielded
bis(pentafluorophenyl)methane’®!. At the instant of evolu-
tion (Zn +acetic acid) hydrogen reduces this ketone to deca-
fluorodiphenylmethanol, while pentafluorobenzophenone is
reduced to the corresponding pinacol*’. The reduction of
pentafluorobenzaldehyde by metallic zinc in the presence of
hydrochloric acid in alcohol did not lead to the formation of
the expected decafluorohydrobenzoin, the corresponding
acetal of the initial aldehyde being produced instead®®:

Zn+HCl

OCHC,H,
alcohol - CoFsCH

3C,F;CHO )
OCHC,F,

(78%)

The photochemical reduction of aromatic ketones is a con-
venient preparative method for the synthesis of pinacols. The
ability of carbonyl compounds to undergo photochemical
reduction depends mainly on the nature of the lowest triplet
state and its energy. A high efficiency of the intercombina-
tion transition is characteristic of decafluorobenzophenone as
well as its non-fluorinated analogue and the n,m*-triplet state
has the lowest energy’®®. Its energy in polar and non-polar
media is close to that of the corresponding excited state of
benzophenone.

The initial stages of the photochemical reduction of deca-
fluorobenzophenone, involving the abstraction of a hydrogen
atom from the medium and the formation of a ketyl radical, are
analogous to the reactions of benzophenone, but they are
much faster owing to the higher polarisation of the charge in
the triplet state caused by the inductive effect of the fluorine
atoms. The EPR spectrum of the radical obtained by the
ultraviolet irradiation of decafluorobenzophenone in alcohol at
80 °C in the cuvette of the EPR spectrometer has been
described'®* and agrees fully with the calculated spectrum.
The addition of sodium methoxide to the irradiated solution
enabled the authors®® to observe the EPR spectrum of the
corresponding radical-anion. Unsuccessful attempts to obtain
the latter had been reported earlier®®:137,

The ketyl radicals generated by irradiating decafluoro-
benzophenone in cyclohexane undergo recombination and
radical-radical aromatic substitution reactions to give a ter-
tiary alcohol and cyclohexylnonafluorobenzophenones®®:

OH
(CoFe)aC=0 "% (CFp)a C—0 25 (CeF )y C—OH - CoHy€ (CoHy)y +-

-} CoFCOCeFCoHyn + CsFsCOCeF CeHyyo
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In contrast to its non-fluorinated analogue, decafluoro-
benzophenone does not give rise to perfluoropinacol (VIII) on
irradiation in a hydrocarbon medium or in isopropyl alcohol
even in the presence of reducing agents"%13%13871%0  Eyidently
the dimerisation of ketyl radicals is difficult owing to the
repulsion of the Coprtho—F bond dipoles and also owing to the
shift of the unpaired electron density to the ring as a result
of the electron-accepting influence of the fluorine atoms.

The pinacol (VIII) has been obtained by the photolysis of a
solution of decafluorobenzophenone in perfluoromethyleyclo-
hexane containing isopropyl alecohol**!. It is unstable and
decomposes in alcohols with formation of decafluorobenzo-
phenone and decafluorodiphenylmethanol; in ether and
hydrocarbons this process is much slower. The pinacols (IX)
and (X), obtained by the photochemical reduction of octa-
fluoroacetophenone*? and pentafluorobenzophenone"’, are
stable compounds:

CoFsCOR 25 C;Hy (R) C——C (R) CoF5
OH OH

’

(VIII), R=CyF (8 C;Fyy); (IX), R=Ph in n-hexane-isopropyl alcohol mixture ,

(X), R=CF, inisopropyl alcohol.

The possibility of the formation of radicals of the ketyl type
on joint irradiation of aromatic polyfluoroketones and bis(tri-
ethylgermyl)mercury in benzene solution has been demon-
strated®*®:

hv. (Et,Ge)sHy

temzene —~ CoFs (R) C—OGeEt, R=C,F;, Ph, or CF,

C,FsCOR

The study of the photolysis of pentafluorobenzaldehyde in
the vapour phase showed that, like benzaldehyde, it under-
goes decarbonylation with formation of pentafluorobenzene and
carbon monoxide via intramolecular elimination [reaction (4)]
and radical decomposition [reaction (5)] reactions. The
involvement of both singlet and triplet excited states has been
postulated**:

C4FsCHO —~ C,FH - CO ¢ (4)

C,FsCHO -~ C;Fy + CHO . (5)

IV. AROMATIC o-HYDROXY- AND 0-AMINO-SUBSTITUTED
POLYFLUOROKETONES

Intramolecular reactions involving the nucleophilic substitu-
tion of fluorine, which made it possible to obtain polyfluoro-
benzoheterocycles of various kinds, play an important role in
the chemistry of aromatic and heterocyclic polyfluoro-com-
pounds®*®. The use for this purpose of o-hydroxy- and
o-hydro-substituted polyfluorobenzophenones, the methods of
preparation and cyclisation reactions which will be examined
in this section, has been described.

The synthesis of 2-hydroxypolyfluorobenzophenones by the
nucleophilic substitution of a fluorine atom by the hydroxy-
group or by the methoxy-group with subsequent demethylation
is hindered by the haloform cleavage of aromatic polyfluoro-
ketones. Thus the yield of 2,4-dimethoxy-3,5,6-trifluoro-
benzophenone in the reaction of pentafluorobenzophenone with
sodium methoxide in methanol is extremely low®®, The method
based on the interaction of pentafluorophenylmagnesium bro-
mide with o-methoxy-substituted carbonyl compounds is
preparatively the most convenient. The demethylation of
o-methoxybenzophenones is readily achieved under the
influence of anhydrous aluminium chloride in methylene
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chloride®®
X\ X X\ /X
e R oo 0
MO X Ho X

Ar=Ph o1 CFs, X=H or F; R=H, MeO, or OH .,

The presence of an intramolecular hydrogen bond, whose
strength is comparable to that in non-fluorinated analogues,
has been established in 2-hydroxypolyfluorobenzophenones by
infrared and ultraviolet spectroscopy and 'H NMR."® They
readily undergo the intramolecular nucleophilic substitution of
fluorine, giving rise to polyfluoroxanthones. The much milder,
compared with 2-halogeno-2-hydroxybenzophenones!*®, condi-
tions in the cyclisation reaction, which partly occurs on
simple dissolution in aqueous alkali or in polar solvents such
as DMF, are due to the high nucleophilic mobility of the fluo-
rine atoms in aromatic polyfluoroketones. Polyfluoroxanthones
have been obtained in high yields on refluxing 2-hydroxy-
polyfluorobenzophenones with anhydrous KF in acetone or
under the influence of ignited potassium carbonate in DMF at
room temperature ¢

(") X F ﬁ? X
l/\”/ NP F\'/\”/ \“/[\/x
PN H/(’)'\I/I\R PN N0 N R
F F X

X=H or F; R=H, OH, or MeO .

The reactions of aromatic polyfluoroketones with aqueous
ammonia and aliphatic amines in organic solvents leads to the
preferential substitution of the p-fluorine atom"®'’” and can-
not therefore be used as a method for the synthesis of
o-aminoketones. They were synthesised by the reduction of
the corresponding nitro-compounds, which were obtained in
their turn from aromatic carbonyl compounds and polyfluoro-
phenylmagnesium bromides in accordance with the schemes
presented below"!:"3:43;

CyF;MgBr -~ 0-NO,C¢H,CHO — C;F;CH (OH) C4H,;NO,-0 -
 GFCOCHNOy0+ GFCO-Z S ;
(50%) NH, (519%)
F F F F
P N
CyFsCHO + F—7 _>—MgBr - qpﬁ?u_<__2 —F —
7/
F OH F
1%)
F F F F F F
) N / N/ N__ 7
- 0 >—F N F5C0—< S GFO—L >—F
N N / N
F No, F NH, F
(47%) (48%) (32%)

2- Aminopoly fluorobenzophenones have been converted into
polyfluoroacridones by electrolytic oxidation or by heating
with KF in anhydrous DMF:*%:*5;

o)

F I X F O Xx
Fo o /N x FO ) A L X X=Ho F
Y = YT

—_—
N A R PN MW NNR RH, ¥, or MeO
2 |
F X F X

H
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The above methods for the synthesis of polyfluoroacridine
derivatives can be of no preparative value in view of the
large number of their stages and their limited applicability. A
more promising approach has been demonstrated in other
studies®?:#2,147,148 1t includes as the first stage the nucleo-
philic substitution of the o-fluorine atom in aromatic poly-
fluoro-substituted carbonyl compounds by an arylamino-group
and makes it possible to obtain a large set of polyfluoro-
acridines from readily available aromatic polyfluoro-com-

A e e B

Thus the chemical properties of aromatic polyfluoro-sub-
stituted aldehydes and ketones are to a large extent different
from those of their non-fluorinated analogues. The presence
in their molecules of several electron-accepting fluorine atoms
not only alters their reactivity in relation to nucleophiles but
also greatly complicates the reactions owing to the ease of the
haloform decomposition with ejection of the relatively stable
polyfluorophenyl anion, and also because of the possibility of
the nucleophilic substitution of one or several fluorine atoms.
This wide variety of chemical reactions of aromatic polyfluoro-
substituted carbonyl compounds and their relative availability
are responsible for the continued interest in these compounds
by investigators and lead to wide possibilities for synthesis.

CyF,COR —> RCO

XCgH,NH F
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