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Fluorine-containing a-Dicarbonyl Compounds and Their Derivatives
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The synthesis of fluorine-containing a-dicarbonyl compounds and their derivatives, their chemical properties (including the
formation of heterocycles), and their applications are considered. Data emphasising their characteristic features due to the

presence of fluorine atoms are presented.
The bibliography includes 97 references.
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I. INTRODUCTION

a-Dicarbonyl compounds (o-DCC), namely a-diketones,
o-ketoaldehydes, o-ketoacids, and their derivatives are used
in industry and in laboratory syntheses. The presence of
the o-dicarbonyl group in compounds of this class is respon-
sible for their high reactivity in relation to many types of
reagents. They are also convenient objects for the study of
certain theoretical problems of organic chemistry (rotational
isomerism relative to a single C-C bond and the mutual influ-
ence of substituents). Among compounds of this type, bio-
logically active substances, analytical reagents, and valuable
monomers have been discovered. The introduction of fluo-
rine atoms into a-DCC molecules leads in many instances to a
change of the reactivity of the substances and the appear-
ance of new aspects of their applications. At the present
time extensive data have accumulated in the literature on
fluorine-containing o-DCC but no surveys on this probiem
have been publishedT.

This review surveys the literature data on the synthesis,
chemical reactions, and practical applications of fluorine-con-
taining o-diketones, o-ketoaldehydes, a-ketoacids, and their
derivatives. The literature up to 1980 inclusive is covered.

I1. METHODS OF SYNTHESIS

The preparation of a fairly large number of fluorine-con-
taining o-diketones, a-ketoaldehydes, a-ketoacids, and their
derivatives by various methods has been described in the
literature; these data can be conveniently divided into two
groups: the preparation of o-diketones and aldehydes and
the preparation of a-ketoacids and their derivatives.

1. Fluorine-containing a-Diketones and o-Ketoaldehydes

A number of methods for the synthesis of fluorine-con-
taining o-DCC are based on reactions of substances in which
the carbonyl group is linked to a halogen atom and fluoro-
alkyl or fluoroacyl groups (acid halides, ketones, and acid
anhydrides). These methods as a rule involve radical pro-
cesses (the abstraction of radicals, recombination of fluoro-
acyl radicals, or oxidation).

+ Some information about a-DCC is available in reviews!>2
devoted mainly to other problems.
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1, 4-Difluorobutane-2, 3-dione and 1, 4-dichloro-1,4-difluo-
robutane-2, 3-dione have been obtained (in yields of 42 and
58% respectively) by the reaction of monofluro- or chloro-
fluoro-acetyl chlorides with iron pentacarbonyl in an auto-
clave at 180°C. % Diacetyl is formed by this method in 86%
yield®:

CHFXCOCI —429% . CHFXCOCOCHFX -+ CHFXCOF

X=H,Cl

In the reactions of trifluoroacetyl and difluoroacetyl chlo-
rides, perfluorodiacetyl and 1,1,4, 4-tetrafluorobutane-2,3-
dione are not formed, the degradation of the initial acid
chlorides being observed with formation cf iron fluorides,
carbon, and small amounts of carbonyl fluoride and hexafluo-
roethane?®.

1,1,4,4-Tetrafluorobutane-2, 3-dione and perfluorodiacetyl
have been obtained by the reaction of difluoro- and trifluoro-
acetic anhydrides with iron pentacarbonyl (in yields of 11 and
6.5%)." Under the same conditions, diacetyl is formed from
acetic anhydride in 90% yield*. Together with perfluorodi-
acetyl, the following compounds have been obtained from tri-
fluoroacetic anhydride: iron trifluoroacetate, carbon monoxide,
iron fluorides, trifluoroacetyl fluoride, hexafluorobut-2-en-
2,3-diyl bistrifluoroacetate, and hexafluoroethane®. Analo-
gous products are formed from difluoroacetic anhydride®.

It is believed®* that, with decrease of the fluorine content
in the initial acid chlorides and anhydrides, the yield of acid
fluorides falls, while that of o-diketones increases in connec-
tion with the decrease of the concentrations of iron fluorides
in the reaction mixture.

When heptafluorobutyryl and w-hydro-octafluorovaleryl
chlorides react with nickel tetracarbonyl in benzonitrile at
25°C, the corresponding enediol esters are formed in yields
of 51 and 19%, the esters being converted into o-diketones by
pyrolysis at 600 °C in vacuo®®. The same a-diketones are
formed on oxidation with bismuth triacetate of fluorine-con-
taining o-ketonalcohols obtained from enediol esters and
methanoi®®;

o o CHyOH Rp—CH—-C—Ry
|
: | !
ReCOCI —E% g 0--C=C—O—C—Rp- O 0
[ !Bi(O\c).
Rp Re 2 RLCOCORy

Rp=C;3F;, H(CFy)4 .

The attempt to obtain decafluorobenzil from pentafluoro-
bromo- or pentafluoroiodo-benzene and nickel tetracarbonyi
in aprotic solvents was unsuccessful; the reaction products
were only decafluorobiphenyl, decafluorobenzophenone, and

pentafluorobenzene’. The authors’ attribute the absence of
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decafluorobenzil to the instability of the pentafluorobenzoyl
radical, which decomposes before it can dimerise.
1,1,1-Trifluorobutane-2, 3-dione and trifluoromethylgly-
oxyal are formed from ethyl trifluoromethyl ketone and tri-
fluoroacetone when they are oxidised by selenium dioxide.
However, these compounds could not be isolated in a pure
state and they were characterised in the form of glyoximes®:

CFy X
Se0, H,0H \
CF,COCH,X —>%— [cFcocox] —M -
N N
i |
OH OH
X=-H, CH, .

The above method is apparently without value for the syn-
thesis of fluorine-containing a-DCC, because the attempt to
hydrolyse perfluorodipropylglyoxime was unsuccessful®.

More interesting results were obtained on oxidation of benzyl
fluoroalky! ketones!?:

SeOs

CsH;CH,COC,F, -+ CsH;COCOC,F,

— CgH,COCO (CF,); COCOCsH; -

In certain studies on the photolysis of hexafluoroacetone
the formation of perfluorodiacetyl on recombination of tri-
fluoroacyl radicals was postulated*®*2.  Although perfluoro-
diacetyl was not isolated in the above studies''’*?, in the
investigation of the flash photolysis of hexafluoroacetone at
-78 °C it was identified’? from the phosphorescence spectra
in the presence of hexafluoroacetone.

Sc0,

CsHsCH,CO (CF), COCH,CyH;

CF,COCF, ™ CF,COCOCE,

A large number of methods for the synthesis of fluorine-
containing o-diketones, based on the reactions of compounds
containing multiple bonds (fluoro-olefins, fluoroacetylenes,
and fluoroallenes) have been described. Perfluorodiacetyl
was synthesised for the first time by the oxidation of 2,3-
dichlorohexafluorobut-2-ene with chromium trioxide in 20%
oleum®,  Trifluoroacetyl chloride and 2, 3-dichloro-1,1,1,4,
4, 4-hexafluorobutylene sulphate are formed together with
perfluorodiacety!®:

a o«
N S
cro, C——<cF, .
CF,4CC1 =CCICF, ~—50 e CF,COCOCF, |- T4¢ AR CFs - crycoct |
e
o o

The above investigators studied the formation of perfluo-
rodiacetyl in the oxidation of hexafluorobut~2-yne by chro-
mium trioxide or potassium perchlorate in 20% oleum®*:

7o,
7%

CF,CH--CHCF, 8% CE,CF - CFCF,

—CF,COCOCE,—

31-36%

CF,C=CCF,~ CF,CCl = CCICF,

2, 3-Dichlorohexafluorobutylene sulphate, formed on oxida-
tion of 2, 3-dichlorohexafluorobut-2-ene, is converted into
perfluorodiacetyl on treatment with catalytic amounts of tri-
phenylphosphine, triphenyl phosphite, tributylamine, or

pyridine!®:
a
N 7
FC—7CFs . cryc0oCoCE, -+ SO,
o o 80--90%
258
o o

Perfluorodiacetyl has been obtained from perfluorobut-2-
ene via hexafluoro- 2, 3-dimethoxybutylene sulphate®17,
formwed in the reaction of sulphur trioxide with vicinal dimeth-
oxy-derivatives of hexafluorobut-2-ene:
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CH,0M, CH,0ONa

CF,CF=CFCF, ~+ CF,C (OCHy)—C (OCH;) CF; —si>

OCH, OCH,
Z_CF,

FyC—
- CF,C0COCF, + Fs¢—7<C 150, CF,COCOCF; .
249 o o 79%
\‘S <

7

(o] (6]

This is one of the best methods from the standpoint of
the yields of products and the availability of the initial reac-
tants. Unfortunately it is apparently not universal and is
suitable only for the synthesis of perfluorodiacetyl, since,
after the increase of the length of the fluoroalkyl residues,
the reaction of the fluoro-olefin with sodium methoxide in
methanol leads to the formation of mixtures of products®’.

Perfluorocyclobutane-1, 2-dione has been synthesised in
30-50% yield on treatment of 1,2-dimethoxyperfluorocyclo-
butane with sulphuric acid*®:

OCH, -0

JOF,=CFOCH, —= | F LU .
[—:[ \

OCH; N§)

3% 30=50%

Treatment of perfluorobut-2-ene with bromine fluorosul-
phate yielded 2, 3-di(fluorosulphate)perfluorobutane, whose
treatment with alkali metal fluorides did not permit the isola-
tion of perfluorodiacetyl*®. However, in another study?® the
reaction of bromine fluorosulphate with perfluorobut-2-ene
yielded 2-bromo-3-fluorosulphatoperfluorobutane, which is
converted into 2-bromoperfluoro-2-butanone on treatment with
a caesium fluoride. The reaction of the butanone with per-
oxydisulphuryl difluoride yields 3-fluorosulphatoperfluorc-2-
butanone, which reacts with caesium fluoride to form per-
fluorodiacetyl®®:

CFyCF=CFCF, —2 %02 CFCF—CFBICF; —goa—
OSO,F
~ CFyCOCFBICF, —ggtors— CP.COCECE; meon—r CF,COCOCF; ;
OSO,F

BrOsO,1° -
PO CRCF—CECE, M CF,,,, + SO.F, 4 €O, - CO 1 0Oy,
: 2
0SO,F

CF,CF  CFCF,
|
FO,50

The method of synthesis of symmetrical and asymmetric
perfluoro-a-diketones by the reaction of peroxydisulphuryl
difluoride with internal fluoro-olefins and subsequent treat-
ment of the products with caesium fluoride is of undoubted
interest?!,

Perfluoro-oa-ketofluorosulphate-derivatives have now
become fairly readily available as a result of their synthesis
from the epoxy-derivatives of internal fluoro-olefins and
fluorosulphonic acid, which made it possible to obtain a large
number of fluorine-containing a-diketones??”2%,

Rp(waFRg —HO%0F R CFCOR}, -+ RRCOCFR, —SF, RLCOCOR;,

o/ OSO,F 0SO,F 40-90%
Rp=CF;, GF;, CiF;; R;tCFg, C,F;, C;F;, CF(CFy),

The last two methods are the most general for the synthe-
sis of aliphatic and alicyclic perfluoro- «-diketones?’~2%,

Perfluoro-2, 5-dimethylhexane-3, 4-dione has been isolated
in 28% yield together with perfluoro-2,4-dimethyl-3-pentanone
on reaction of perfluoropropene with oxalyl difluoride under
pressure in acetonitrile in the presence of potassium hydro-
gen difluoride®®:

CF,CF=CF, + FOC—COF — 22— (CF,), CECOCOCE (CEy); - (CFy)s CECOCF (CFy); -

QBUU
An analogous but somewhat modified method, in which oxalyl
dichloride can be used as the starting material, has also been
proposed?®,
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2~-Chloroperfluoro-2-methylpentane-3, 4-dione has been
obtained with other products in 38% yield on treatment of
tetrakis(trifluoromethyl)allene with nitrosyl chloride?’:

(CF3)s C=C=C (CFy)y ~Tov!~> CF,COCOCCH (CFy)y .
38%

When hexafluorobut-2-yne or perfluorodiphenylacetylene
reacts with bis(trifluoromethyl)nitroxide, perfluorodiacetyl
or decafluorobenzil are formed in yields of 73% (for a 50% con-
version) and 25% respectively?®:

RFCECRF (CF4)sNO*

- RgCOCORg
Rp=CF3, CeFs .
Hexafluorobut-2-yne also gives rise to perfluorodiacetyl on
reaction with perfluoromorpholine oxide?®:
O@—O‘

CF,C==CCF,

CF,COCOCF, .

a-Diketones containing pentafluorophenyl groups are syn-
thesised mainly with the aid of aromatic organometallic com-
pounds. Decafluorobenzil is formed in 43-55% yield when
pentafluorophenyl-lithium reacts with dimethyl oxalate at low
temperatures (between —40° and -78 °C): 3°

CgFsLi + CH;00C — COOCH; — CgFsCOCOC,Fys .

Decafluorobenzil can be obtained in 26-32% yield from
phenylcopper and oxalyl dichloride in ether?!:

_Sloc-coct.

CeFsLi + CuBr — GgF;Cu — CsFsCOCOGsF;

Pentafluorobenzil can be obtained in 40% yield via the fol-
lowing mechanism®?:
OLi
CeFsLi + CanC:—COsCsz — CoFyCOCOCeH; .
OC,Hy
Pentachloropentafluorobenzil has been synthesised by the
reaction of pentafluorophenyl-lithium with methyl pentachloro-
benzoyl formate at —78 °C (yield 87%): 3°

CeFsli 4 C4ClCOCO,CH; — CaF;COCOCCl; .

2. Fluorine-Containing a-Ketoacids and Their Derivatives

The main methods of synthesis of fluorine-containing
o~ketoacids and their derivatives involve the interaction of
the epoxy-derivatives of terminal fluoro-olefins and perfluo-
roazirines with nucleophiles (H,0, ROH, RNH,) or electro-
philes (SO,).

The hydrate of trifluoropyruvic acid has been obtained
by treating epoxyhexafluoropropane with water3®%, This
method proved to be general and has been used successfully
to synthesise the hydrates of fluorine-containing o-ketoacids
with longer fluoroalkyl residues from the corresponding
epoxy~-derivatives of higher fluoro-olefins®*®5:

ReCF—CF; — 22— R.COCOH-H,0
No” 40—80%
Rp=CF; [32, 33]; C,F; [34]; H (CF,),,wheren = 2, 4 [34], 6 [35]; C,F, [34].

The synthesis of trifluoropyruvic acid by the hydrolysis
of perfluoro-2-methyl-2H-azirine and perfluoro-3-methyl-2H-
azirine has been described®®:

CF:CF—CF —22 . [cF,c0c0H] —SH™ . ¢, cOCO;NH,CH5

N 33%
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The hydrate of trifluoropyruvic acid is formed on acid hydro-
lysis of a,o-diaminoperfluoropropionamide®’:
H,0, HyPO,

CFX({;CFZ -+ HeNR —» CF4C (NHR), CONHR CF,COCO,H-H;0 .
/

On the interaction with water, the fluoride of trifluoro-
pyruvic acid yield trifluoropyruvic acid hydrate; the start-
ing materials for the synthesis of the acid fluoride are
epoxyhexafluoropropane and an aromatic carbonyl compound

(benzophenone, acetophenone, benzaldehyde, etc.)38~%5:
CFyCF—CFy —2C%R, CF,COC0F + CF,COF
o ju.0

CF,COCOH- Hy0 —2220

—— CF3COCO,H .

One must note that the mechanism of this reaction still remains
obscure.

The fluoride of trifluoropyruvic acid has also been
obtained from epoxyhexafluoropropane and sulphur trioxide
at 150 °C with subsequent elimination of sulphuryl fluoride
by treating the mixture of the addition products with caesium
fluoride®®:

CsF

CFCF—CF, —p2=> F;C—CF—CFy  CF;COCF;080,F — CF,COCOF .
No/ (’) O‘ 58% of mixture
N

Y
O O

Pyrolysis of 1-nitro-perfluoro-2-propyl nitrite in a flow sys-
tem gives rise to trifluoropyruvyl fluoride in a yield of
approximately 10%: *7

0;N—CF;—CF—CFy —2% CF,COCOF - NO
ONO

The study of the infrared spectra and of the temperature
variation of the H NMR spectra of solutions of hydrated
fluorine-containing a-ketoacids showed that they exist in the
form of fluoro-o,a-dihydroxyacids RFC(OH),COOH. They
differ in this respect from the usual fluorine-free o-keto-
acids, which do not form stable hydrates capable of being
isolated in a crystalline form3*.

On treatment of the hydrates of fluorine-containing
a-ketoacids with phosphorus pentoxide, the anhydrous
a-ketoacids are formed®S. The alkyl esters of carboxylic
2-alkoxyperfluoroacids have been synthesised in high yields
(50-96%) by the reaction of the epoxy-derivatives of terminal
fluoro-olefins with alcohols®?:3%:*8=51 Methyl tetrafluoro-2-
methoxypropionate is converted on treatment with sulphuric
acid at 140 °C into methyl trifluoropyruvate*®. However,
the alkyl esters of higher carboxylic 2-alkoxyfluorocacids
give rise under these conditions to a mixture of alkyl esters
of carboxylic fluoro-a-ketoacids and the products of the
decarbonylation of the esters of the corresponding carboxylic
fluoroacids®?:

H,50,

0]
Re—CF—CF, RO, ch:F_c/ ~T50s, R.COCO,R + RCORR |- CO ;

o “\ORr
R = alkyl, Rp = CF3 (Ref.48; CpFs (Ref.51); C4Fo(Ref.51); H(CFj),, where n = 2, 4 (Ref.51).

By reducing the reaction temperature to 100 °C or 60 °C (on
replacing sulphuric acid with 20% oleum), it was possible to
obtain the pure methyl esters of higher polyfluoro-o-keto-
acids®. Methyl trifluoropyruvate has been obtained by
treehting the hydrate of trifluoropyruvic acid with diazometh-
ane*8:

OH

I 0
cF—c—c

| ou

—SHt— CF,COC0,CH; .
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Ethyl 2-ethoxytetrafluoropropionate is formed when epoxy-
hexafluoropropane reacts with diethoxydimethylsilane5?:

carbon

CF,CF—CF; - (CHy), Si (OC,Hy),
\\.0/ |
-t CoF3C0O,CoH; —+ (CHy)g SiFOC,Hs

The study of the infrared spectra and dipole moments of
solutions of the methyl esters of fluorine-containing o-keto-
acids in carbon tetrachloride established that they exist in
the form of equilibrium mixtures of the trans- and cis-con-
formers (A) and (B) with the cis-form predominating®®.
Pyruvate esters also consist of mixtures of the cis- and trans-
conformers but with the trans-form predominating®*. This
difference is apparently due to the fact that the cis-forms
of the esters of fluorine-containing o-ketoacids are less polar
than the trans-forms, whereas in the case of the esters of
hydrocarbon c-ketoacids the trans-form is less polar:

Re 0 Ry JOCH;
o/ No-en, T o o
(A) (B)

The amide of trifluoropyruvic acid has been obtained by
the reaction of the corresponding acid fluoride with ammo-
nia 3874043,

Ny

CF,COCOF -+ CF,COCONH, ,

Hydrolysis of the amides of carboxylic a,o-diaminofluoro-
acids leads to the hydrates of the amides of a-ketoacids®®:
RpCF—CF; — % RC(NH,);—CONH, —=12% - R _COCONH,-H;0 ;
o
Rp==CF; (40%), H (CFp)s (50%)

The synthesis of the dimethylamides of carboxylic fluoro-
o-ketoacids by the reaction of the chlorides of carboxylic
perfluoroacids with dimethylformamide in the presence of tri-
ethylamine has been deseribed®®%® (without triethylamine,
the yields are much lower>°’56):

0 _NEC.H)s

RRCOC! - (CHy)s NC< R:COCON (CHy)z 3
H

R -=CF; (15%), CoF5 (20%), CsF: (33%), CF (CFy): (30%) .

11I. CHEMICAL REACTIONS
1. Anionoid Reactions

The majority of the studies in the chemistry of the fluo-
rine-containing a-DCC have been associated with the investi-
gation of anionoid reactions; they lead to different valuable
o-DCC derivatives and make it possible to synthesise com-
pounds with practically useful properties.

(a) The Interaction of o-DCC with Hydroxy-compounds

Fluorine-containing o-diketones with a fluoroalkyl substi-
tuent at one of the carbonyl groups and bis- a-diketones with
an aliphatic fluorine-containing chain between the o-dicar-
bonyl groups combine with one molecule of water to form gem-
ketodiols?®®7. The site of addition has not been rigorously
demonstrated but, by analogy with asymmetric g-diketones
for which the addition of water to the carbonyl group linked
to the fluorine-containing substituent has been established
by *H, °F, and !°C NMR, one can assume that in the case of
the a-diketones water also reacts with the carbonyl group
adjoining the fluorinated substituent®®:

H,0

RpCOCOCsHs ~> RgC(OH), COCHs ;
Rg=CyF, [10], (CF;),COCOCsHs [57] .
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o-Diketones in which the fluoroalkyl groups are linked to both
carbonyl groups combine with two water molecules to form
tetraols®!%. The tetraols are stable compounds and give up
water only on heating with phosphorus pentoxide *° or 20%
oleum?’;

2H,0

RrCOCORy === ReC (OH), C(OH): Re
208

Ri=CF; [15], GF, [5, 6]

32,33,35,37 37,38
»

Fluorine-containing o-ketoacids , acid fluorides
and amides®5'%% also combine with a water molecule at the car-
bonyl group to form gem-dihydroxy-derivatives. The acid
fluoride group is then hydrolysed to the carboxy-group:

H,0
RRCOCOR == RgC (OH); COR’ 3
R=F, OH, NR;; R'=OH, NR;] .

The derivatives of o,o-dihydroxy-acids are entirely stable
compounds which give up water only on treatment with phos-
phorus pentoxide“’ or sulphuric acid®®, while the hydrocar-
bon o-ketoacids do not form stable hydrates.

On interaction with ethanol, perfluorodiacetyl gives rise
to a stable bishemiketal**:

OH OH
CF,COCOCF, —C2HoH CF3~é—é—-CF3
Gt O,
37,60

The methyl ester and fluoride®® of trifluoropyruvic
acid react vigorously with alcohols, which leads to stable
hemiketals. The hemiketal of methyl trifluoropyruvate can
be decomposed by treatment with sulphuric acid®®:

OR

|
CF,c0COF—22 . cE, ¢ —COOR ;

|

OH

OR
ROIT |

CF,COCOOCH, === CF,— C—COOCH; };

H,S0, |

OH

R = alkyl

Perfluorocyclobutane-1, 2-dione gives rise to a mixture of
a bishemiketal and a dioxan on treatment with methanol*®:

OH

0

)(:Hw“n
JR L M,

O

OH  OCI,

When aliphatic fluoro-o-diketones®* and fluoro-o-keto-
acids®® are treated with aqueous alkali, they underge the
haloform decomposition with formation of trifluoromethane,

like the fluorinated monoketones®®:

OH-

CF,COQOR - CFH ;
R=CF,, OH

Fluorine-containing aromatic o-diketones in alcohol undergo

a rearrangement in the presence of alkali metal alkoxides with
migration of the pentafluorophenyl! group®’:

CoFsCOCOC,F; C,H;ONa, C.H.OH_}

(b) The Interaction of o-DCC with Amino-Nucleophiles
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The interaction of o-dicarbonyl compounds having one
fluoroalkyl group with hydroxylamine yields dioximes, which
readily form complexes with the nickel cation®:

2NH,0H

CF3;COCOR = CF3—-C——C—R ;

I il
NOH NOH

R=H, CH; .

Perfluoro-2, 5-dimethylhexane-3, 4-dione reacts with amines
(with the reactants in proportions of 1:1) to form adducts
which split off water on heating in chloroform and yield keto-
imines?®. However, on treatment with an excess of the
amine, the o-diketone or its 1: 1adduct with the amine undergo
the haloform decomposition with formation of 2-hydroperfluo-

ropropane?®, which is apparently associated with the great
stability of the leaving heptafluoroisopropyl anion:
OH
|
(CFy)s CFCOCOCF (CFy)s —~2— (CFy), CFIC——COCF (CF), =2, 9 (CF,), CFH
RNH
CHCI,) |H,0
(CF,); CFC—C—CF (CF3); ;
o
NR O

R=CHj, C4Hy, aryl

When trifluoropyruvyl fluoride was allowed to react with
aniline the anilide of a-hydroxy-o-phenylaminoperfluoropro-

pionic acid was obtained"®:
OH
|
NG CEC CONHGH; .

!
CgH;NH

CF;COCOF

Fluorine-free o-diketones react with o-phenylenediamine
(OPDA) to form 2,3-substituted quinoxalines®. This reac-
tion has been studied vigorously also in the series of fluorine-
containing o-DCC. Investigations showed that fluorine-con-
taining o-diketones with fluoroalkyl substituents having a
straight-chain structure and aromatic fluoro-substituents
react with OPDA like the o-diketones of the hydrocarbon
series and give rise to satisfactory yields of quinoxalines
containing fluorinated substituents in the heterocyclic ring
10:1%,30  The reaction has been used successfully to identify
fluorine-containing o-diketones, since the quinoxalines
formed are readily purifiable crystalline substances.

5,8,

T

g H

HzN/\/ \\/\N/\R

RF=CF3, R=H [8]; RF:CFS; R==CHj; [8]; RF:R =CF; [14]; RF:C3F7, R=C4H; [10];
Rg=R=CyF; [5]; Rp=R==H (CF2); [5]; Ry ~R -C¢Fs [30]

RRCOCOR +

Fluorine-containing bis-o-diketones with an aliphatic flu-
orinated chain between the a-dicarbonyl grou})s also react
with OPDA and give rise to bis-quinoxalines®

el N Clls Hscﬂ\/N\/\\

| ) ||
C4HiCOCO (CE;); COCOC,H, NN V ‘ ”\'\1 /'\ - ) NN

This synthesis has been used to obtain polyquinoxalines by
the reaction of bis-o-diketones with tetra- amlnob1pheny157

_[_ ANV AN PN /(CFz)q—]—

oisw

GH SN TN NG H,

Perfluoro-2, 5-dimethylhexane- 3, 4-dione reacts with OPDA
in an unusual manner. Thus in acetonitrile at 0 °C the prod-
uct is a 1:1 adduct, formed in 85% yield, which on heating in
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alcohol eliminates 2-hydroheptafluoropropane with formation
of 2,3-dihydroxyquinoxaline?®3®, This reaction pathway
agrees also with the reactivity in relation to primary amines?®
it too can be explained by the high stability of the leaving
perfluoroisopropyl anion:

HaNN

[ OH

BN (CF)CF—C—CO—CF (CFy)

|
NH\_ NH,
AN
\_/
8%

C,I0H__

(CF3);CFCOCOCF (CFy),

VANV
- ‘ -} 2CF,CFHCF; .
NN\ ol
849
The interaction of fluorine-containing o-diketones with the
imidoylhydrazides of carboxylic perfluorocacids, which leads to
asymmetric triazines and bistriazines, has been described’:

N
CaPaCX i,

C3F7\/N\/CGH5

N
FAN
C4F,COCOC,Hs— SWNCE,

E

1N NH
Ne_cr
N/ O CFa— —c? NIINH,

3, NH?

3F7\[ ’/N\\ Cotls HiCo N\ G

If a bis-a-diketone and the bisimidoylhydrazide of a dicar-
boxylic perfluoroacid are introduced into the reaction, then
fluorine-containing asymmetric polytriazines are formed®’:

NH
\NHA\IH;
CFy) = 1—

HN,
#CsH;COCO (CFy),,, COCOCyH; - \c (CFy)
H,NHN

m

| N

_[ AN G AN A
N\,

Gy SN

The interaction of trifluoropyruvic acid with semicarbazide
hydrochloride in water yielded the semicarbazone of trifluoro-
pyruvic acid, which is converted into 5-trifluoromethyl-6-
azauracil on being refluxed with thionyl chloride®*. The
uracil has been used to synthesise nucleosides and nucleo—
tides®*:

O
(CONHNH, 1€ socl,  F. i
CF3COC02H—E¢CO—NB\”—II—> CF;C—CO,H _soct, FJC\‘ /}\IH
i |
N—NH--CONH, N
73% \N/
H
82%%

It follows from the available literature data on the interac-
tion of a-DCC with hydroxy- and amino-nucleophiles that the
introduction of fluorine into the o~-DCC molecule reduces the
electron density at the carbonyl carbon atoms, as a result of
which they are capable of forming stable adducts via one or
both carbonyl groups, which is not characteristic of fluorine-
free o-DCC. The structure of the fluorinated substituent
also has a considerable influence on the reactivity of the
a-DCC. Thus the introduction of perfluoroisopropyl groups
gives rise to an increased tendency of perfluoro-2,5-dime-
thylhexane-3,4-dione to undergo the haloform decomposition
in the presence of bases3®:¢%,

(¢) The Interaction of o-DCC with Organometallic Compounds

Treatment of methyl trifluoropyruvate with phenylmag-
nesium bromide and subsequent treatment of the reaction
mixture with sulphuric acid and an alkali yielded o-hydroxy-
a-trifluoromethyl phenylacetic acid®®:
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CgHs

CF,COCO,CH, ~aMeBr

~ CF3—C—CO;H
on
57%

The reactions of alkyl- and aryl-lithium compounds with
fluorine-containing aromatic o-diketones result in the forma-
tion of adducts, which undergo a rapid rearrangement with
migration of the pentafluorophenyl group®’. The structure
of the final reaction products depends on the nature of the
lithium derivative used. Thus, when decafluorobenzil was
treated with butyl-lithium, 2-hydroxy-1,1-bis(pentafluoro-
phenyl)-2-hexanone was obtained after acid hydrolysis®’:

@@ o-

CiHyLi A !
Callold CJ;,C\—/C.——CxHq —_— cﬁFs—c"T—cnc‘ug —

C, F,COCOCk,

ey

C,F, CoF,

OH

H+
— = F—C—COC,H,

Gk,
The interaction of decafluorobenzil with pentafluorophenyl-
lithium leads to the formation of perfluoro-2-benzylbenzoin
and perfluoro-2, 2-diphenylbenzofuran-3-one (the latter is
obtained as a result of the intramolecular nucleophilic substi-
tution of the ortho-fluorine atom)3’:

ks

CoF;—C~—COCF; 6F's
OH Cgks
60% 25%

The reaction with pentachlorophenyl-lithium results in the
formation of bispentafluorophenylmethyl pentachlorobenzo-
ate®?:

. CFs
GO N CHOCOCCl

C3F;COCOCF; )
CiFs 639

(d) Reactions with Participation of the Fluoride Anion

The reactions with participation of the fluoride anion are
important for the chemistry of fluorinated carbonyl com-
pounds®®®’. However, hitherto only a limited number of
reactions involving the fluoride ion in the series of fluorine-
containing a-DCC are known.

The fluoride of trifluoropyruvic acid dimerises in the

presence of the fluoride ion?®%"41,42:61;
COF

K O
F,C Fa
(o)
(o]

In the presence of caesium fluoride, perfluorodiacetyl
reacts with epoxyhexafluoropropane in diglyme to form oligo-
meric products, both carbonyl groups of perfluorodiacetyl

being involved in the reaction®®:

- | 0o \
CFiCOCOF 5 | cFy—C—C¢ | R
[ F
o.

CF3COCOCF; + (m + n) CF3CF—3F2 CsE, diglyme
N

0]
CF; CF,
CF;—CF—0— I: —(liF—CFz—O— Jn -<C|F——COF
_»CF3~—(!2F—O»~ —CF—CF;—0—7 —CF—COF ,
[ CFs J m CiFs

The acid fluoride groups of this oligomer were then converted

into fluoroalkyl groups by reaction with elemental fluorine®®.
The interaction of epoxyhexafluoropropane with the fluo-

ride of trifluoropyruvic acid and caesium fluoride leads to

dioxolan or dioxan derivatives, depending on the tempera-
fupe3840,43,kk,
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F F
FSC%CFS
o} O

N/

FOC” “\CF,

>100°
—

CsF

CF4COCOF - CF,CF—CF,
o/ }T 0. CFs

. F F

CF, 7 No o

(e) Other Reactions of o-DCC with Participation of the Car-
bonyl Group

The condensation of trifluoropyruvic acid with acetone in
water has been observed. The reaction in the formation of
a-hydroxy-a-trifluoromethyl- y-oxovaleric acid®?:

OH

CH,COCH,

|
CF,COCO,H CF,—C—CO,H

CH,COCH;
65%

When methyl trifluoropyruvate was allowed to react with
keten, B-methoxycarbonyl-g-trifluoromethyl-3-propiolactone
and 2, 4-bis(methoxycarbonyl)-2,4-bis(trifluoromethyl)-1,3-
dioxan-6-one were obtained®’.  Treatment of methyl trifluo-
ropyruvate with cyclohexyl isocyanide in the same study®®
led to the isolation of a high yield of 5-cyclohexylimino-2,4-
bis(methoxycarbonyl)-2, 4-bis(trifluoromethyl)dioxolan, whose
acid hydrolysis results in the formation of the cyclohexyl-
amide of trifluorolactic acid:

CO,CH, CFy o CFy
! TN
y  H,c—c=0 F,C 5
CF,COC0,CH, =220, ‘ |- HJCOZC/I N COCH,
1 6]
Calls; NC o 0 \M/
I 36% o 409

CFy j: CFs iCl .0
CH;0,C COCHy —— CP,CH—C{
N0 | NHC,H,;
OH

| 91% )
CiHp ° 851

2. Oxidation-Reduction Reactions

The fluorine-free o-DCC are capable of undergoing oxida-
tion-reduction reactions with participation of the carbonyl
groups’®. The oxidation-reduction reactions of polyfluoro-
a-DCC with participation of the carbonyl groups (electrochem-
ical reduction’®7?, interaction with metals and their salts’®:7%,
and interaction with phosphorus-containing reagents’’—%%)
are also known.

(a) Reduction of a-DCC

Like diacetyl, hexafluorodiacetyl is converted on electro-
chemical reduction in tetrahydrofuran (THF) (in the presence
of an R,N* cation) into a semidione radical-anion, which
exists in the form of an equilibrium mixture of the trans- and
cis-isomers (as shown with the aid of EPR).’*"’2 The
trans/cis ratio is 170 in THF and 120 in dimethyl sulphoxide
(DMSOQ): 71,72

F.C 0~ FC CF;

cFyc0cocF, > >={ = »>=x
$ & 4 o

The trans/cis ratio for diacetyl in DMSO (in the presence of
an R,N* cation) is 35;7% thus the introduction of fluorine
shifts the equilibrium towards the trans-isomer.
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On interaction with alkali and alkaline earth metals in
DMSO and THF, hexafluorodiacetyl is reduced to a radical-
anion’®, which gives rise to several types of ion pairs with
metal cations. If the counterions are Cs* and Rb*, then
the trans-isomer is formed preferentially (trans/cis =150,

DMSO, Rb*; trans/kis >200, THF, Cs*);
F,C O~M+  FyC o
N L N/
_— «— \ .
‘0 CF; M*O- CF;

The mechanism of the interaction of hexafluorodiacetyl with
lithium has been established by EPR!:

2Li + CF,COCOCF, ——= [CFJ(6)=C(6)CF3]L1,&‘*——

o 1i'o cF, oL’
_OF3C0C0CK, I I _slow N
CFy N0 Li” CF, N0/ \CF,

The formation of ion pairs on reduction of perfluorodiacetyl
with alkaline earth metals (Ca, Sr, and Ba) in THF was
demonstrated in the same study’*

CF; .

Hexafluorodiacetyl is also reduced on treatment with alkali
metal iodides in solvents [in DMSO, hexamethylphosphor-
amide (HMP), and ethereal solvents] to a radical-anion, which
forms ion pairs with alkali metal cations’?7%, In DMSO and
HMP the radical-anion exists mainly in the trans-form,
(trans/cis >100) and the ratio of the isomers is independent
of the nature and the concentration of the counterion. The
reduction takes place rapidly alto in ethereal solvents when
lithium iodide is used as the reductant’?, 1:1 ion pairs being
formed. In the reaction involving treatment with sodium
iodide, irradiation with light from a mercury lamp in a quartz
cell is required’?:

3MI R _
CF;COCOCF; " 2{CF4C (0)::C (O) CF;] M+ 4 MI; .

(b) The Interaction of o~-DCC with Fluorine-Containing
Reagents

The product of the reaction of methyl trifluoropyruvate
with triethyl phosphite is a 2:1 adduct consisting of a
cyclic phosphorane whose hydrolysis gives rise to a pina-
cone®?:

CF; CF,
0 H,00,C—4 COCH, HP0:
CF3COCO,CH; - P (OC,H;); — H3COy / \ Hp it
\ /
CH;07 |\0<12H5
OC,H, 70%
CF, CF,
,,cho2c_l_%C02CH3 .
OH OH

65%

It is of interest that trifluoropyruvate reacts via one car-
bonyl group, like hexafluoroacetone, and not a diketone in
which both carbonyl groups are reduced with formation of
1,3, 2-dioxaphospholens’®

Numerous studies have been devoted to the investigation
of the reactions of hexafluorodiacetyl with phosphorus(Ill)
derivatives of different structure. A series of cyclic 1,3,2-
dioxaphospholens have been obtained in this way with high
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yields?7786;
N F3C>__ CFy
CF,C0C0CE,—>~ })
Np/”
VAR

For example, hydroxyphosphoranes have been synthesised
in this way from hexafluorodiacetyl and mixed anhydrides of
phosphoric and phosphorous acids, which are models of the
hypothetical intermediates formed in the addition of nucleo-
philes to the phosphorus atom in polyphosphates such as ATP
and ADP °°:

F,C
o : \H/ \p OR
RO. i OCHs el Q
CF4COCOCF, 4+ SP—0—P{ e /1 NOR
’ * R0/ NocH, Fc/\o/[ oct,
0C,H;

In reactions with phosphorus(IIl) derivatives, fluorine-con-
taining aliphatic o-diketones behave mainly analogously to
fluorine-free o-diketones®’. It is of interest that the reac-
tion of perflucrocyclobutane-1,2-dione with trimethyl phosphite
yields dimethyl 3,3,4, 4-tetrafluoro-2-methoxycyclobut-1-enyl
phosphate®®

OCH.
I1/ ?

)
ether
4+ P(OCH,), .: () H,
N 0OCH,

0

3. Radical Reactions

When hexafluorodiacetyl is irradiated with ultraviolet light
in the vapour phase, it decomposes into trifluoromethyl radi-
cals and carbon monoxide®®%’. Irradiation of diacetyl at
room temperature leads to the formation in the primary photo-
chemical step of two acyl radicals, which then undergo a
number of reactions®

(¢}

hv

RCOCOR —er

] ,
R—C 9R" 4 2C0 —~R—R

The study of the photolysis of hexafluorodiacetyl and tetra-
fluorodiacetyl in the liquid phase showed that the trifluoro-
acetyl radicals arising in the first stage can interact with the
initial diketones to form diacetyl derivatives of enediols*:

RF RF
R;zCOCORy: N/
RL.COCOR;. % 9R.CO" — o o o
R—c{ NC-R,
No o/ F
Rp=CF;, CHF, .

When hexafluorodiacetyl is exposed to ultraviolet light in the
presence of hydrocarbons, ketoalcohols and small amounts of

CO are formed®’: .

|
ROMY_ CR,C—COCF; .

OH

CF4,COCOCF, —%

When the methyl esters of polyfluoro-o-ketoacids are
heated above 140 °C in the presence of sulphuric acid, they
are decarbonylated to esters of carboxylic fluoroacids®!

X (CF2),0000,CH; — 232~ X (CF,),00,CH, + CO 3
X=H,F; n=1,2,4 .

One must note that the available literature data are insuf-
ficient to reach conclusions concerning the pathways followed
in the primary photochemical processes in the photolysis of
fluorine-containing o-DCC.
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4. Interaction with Sulphur Tetrafluoride

The unusual formation of a spirosulphuran (in a quantita-
tive yield) on interaction of hexafluorodiacetyl with sulphur
tetrafluoride (reactant ratio 2:1) has been observed®. The
compound obtained is a stable crystalline substance whose
structure has been determined by °F and '3C NMR and by
X-ray diffraction®®, It is of interest that products of the
fluorination of the carbonyl groups of hexafluorodiacetyl
were not detected in the reaction mass, whereas in the
series of hydrocarbon o-DCC such compounds are formed in

high yields®2-9%;

F F
| o, o1
N CF,

o se BT
2CF,COCOCF, —3F+..,

‘ o \o—lcm
F F

FC

1V. APPLICATIONS

Perfluorodiacetyl has been recommended as an antibacterial
and fungicidal agent and also for imparting water- and dirt-
repellent properties to cotton textiles’®. The use of per-
fluorodiacetyl as a photoinitiator in radical polymerisation and
also for the treatment of fabrics has been patented!®.

The fluoride of trifluoropyruvic acid and its cyclic dimer
are used as soil fumigants and insecticides, which evolve
hydrogen fluoride on contact with water3®**,

The amide of trifluoropyruvic acid can be used as a dis-
persing agent and exhibits surface-active properties®!.

The fluoride of trifluoropyruvic acid serves as the start-
ing material for the synthesis of perfluoro-derivatives of
cyclic dioxans and dioxolans, which are chemically inert and
thermally stable solvents*'. This compound is used as the
starting material for the synthesis of monomers and then
polymers employed as adhesive films and films with irrever-
sible gas permeability*S. The latter can be used to separate
different gases.

Glyoximes, which are used as reagents for nickel(Il), have
been obtained from 1,1, 1-trifluorobutane-2,3-dione and tri-
fluoromethylglyoxal®.

Polymers with quinoxaline and triazine rings in the chain
have been obtained from fluorine-containing bis-o-diketones
having an aliphatic fluorine-containing chain between the
o~dicarbonyl groups®’. Fluorine-substituted benzils are
used as the starting materials for the synthesis of anaesthe-
tics and antihistamine preparations®’.

Analysis of the present state of research into the chemis-
try, properties, and applications of fluorine-containing
oa-dicarbonyl compounds (o-diketones, o-ketoaldehydes,
o-ketoacids, and their derivatives) permits the conclusion
that methods have been developed in recent years for their
synthesis and their properties of practical value have been
discovered. However, hitherto many problems of the chem-
istry of a-dicarbonyl compounds have been virtually unin-
vestigated. Thus there are almost no data on their reac-
tions with electrophiles and few studies have been made on
the radical processes and physicochemical properties of sub-
stances in this series; such studies would yield additional
information about the influence of fluorine atoms on the reac-
tivity of organic compounds.
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