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ABSTRACT. In this review the methods for preparing
iodoperfluoroalkanes and their chemical properties, namely, radical
addition to the carbon—carbon multiple bonds of unsaturated
compounds with functional groups, reactions with elements of
groups IV—VI and their compounds, cleavage of single bonds by an
R, radical, oxidation of iodoperfluoroalkanes with degradation of
the perfluoroalkyl chain or formation of iodonium derivatives, the
formation of charge-transfer complexes, and o-halodefluorination
reactions are examined. The uses of iodoperfluoroalkanes are
described.
The bibliography includes 285 references.
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1. Introduction

The iodoperfluoroalkanes (IPFAs) CF;l and C,FslI were first
prepared at the end of the 1940s for use in the synthesis of
organomercury compounds. This marked the beginning of
extensive research into perfluoroalkyl derivatives. The use of IPFAs
in the syntheses of organic and organoelemental compounds
demonstrated their potential as perfluoroalkylating agents”™® and
reagents for telomerisation.” Separate applications for IPFAs in
laser,>"° electronics,’® and other fields of engineering!”!® were
progressively established, stimulating further research into
preparative methods and a study of their reactivity. At the present
time IPFAs are key products in a number of countries for the
industrial synthesis of organofluorine compounds and for preparing
the initial compounds in the production of drugs and surfactants and
the components of artificial blood.'

Prominent amongst IPFAs are tertiary iodoperfluoroalkanes,
which have future potential as working solids for gas lasers.!!

However, the monographs that are currently available on the
chemistry of organofluorine compoundssﬂ'm’n“24 do not give a
sufficiently clear idea of the methods of synthesis, reactivity, or
application of iodoperfluoroalkanes.

In this review an attempt is made to provide a correlated report
on the preparative and synthetic methods for obtaining IPFAs and
their chemical properties and applications.

20,21

With the exception of alkenes with functional groups, reactions of
IPFAs with alkenes, which are described in sufficient detail in one
monograph,’ are not covered by the present review. We have made
perfluoroalkylation reactions, which are of very considerable
synthetic importance and involve extensive literature material, the
subject of a separate review.

11. Preparation of iodoperfluoroalkanes

1. Exchange or addition of halogens

Iodoperfluoroalkanes, in particular CF;l, were first obtained by
fluorination of tetraiodomethane. Because of the difficulty in
obtaining periodides, this method has more historic significance than
preparative value.

IF;
Cl, ————> CF,l.

20—100° C
95%

Some considerable time later 2-iodoperfluoro-2-methylpropane
was successfully obtained by trifluoromethylation of Cl4 in a glow
discharge:*

glow discharge

Cl, + CFy—CF, —E£r 2=

(CFy),CI.
559

(CF3);CI was synthesised in low yield from 2-bromo-perfluoro-
2-methylpropane.?’

CH,CN
(CF,),CBr 4 Nal W (CF,),CL
5.5%

The replacement of iodine in diiodopolyfluoroalkanes is of
somewhat greater importance. Usually the reaction consists of the
formation of an o,B-diiodoperfluorocarbon by iodination of the
corresponding perfluoroalkene followed by replacement of one of the
iodine atoms by fluorine. For the substitution reaction use is made
of iodine pentafluoride,’ mixed halofluorides of pentavalent
antimony or sulphur tetrafluoride,?®? electrochemical fluorination in
anhydrous HF,***! and fluorination with hydrogen fluoride in the
presence of the catalysts HF —H,SO4, I;—HNO;, I;—S0,Cl, 32 or
metal oxides.?*3*

CF,~CF, —% ICF,CF,I —> CF,CF,I.
75—1009%
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Iodotrifluoromethane labelled with ®F isotope was obtained in
3% yield on treatment of tetrafluoromethane with a mixture of I,
and *F,:%

1P+,
CF, —

CF,1%FI1.

Replacement of chlorine at an allylic position by iodine in cyclic
and aliphatic chloroperfluoroalkenes is achieved by treatment with
sodium iodide in solution at room temperature. Replacement of
fluorine on sp 2-hybridised carbon does not occur in this case.3¢>°

F Cl
F— _l—F Nal, acetone F_{ —F (36]

F/ \F F F

25%

Nal, acetone

CF,=CFCF,Cl CF,—CFCF,I [38, 39]
F3C Cl FiC I
V%

Nal, acetonitrile

At the same time substitution of a fluorine atom at a vinyl
position mainly occurs for perfluorinated cycloalkenes.**~*2 This
forms the basis of the preparation of iodoperfluorocycloalkenes by
treatment of the respective perfluorocycloalkenes with potassium
iodide*® or sodium jodide*'™ in a polar solvent. At an elevated
temperature the formation of diiodoperfluorocycloalkenes along with
the monosubstituted derivative is possible.*?

F (CFy), F F  (CFg), F
>/ N MI, solvent . >/ \<
— 20° C . ’
F >_< F F > < F
F R 1 R
up to 80%

n=12 R =CF;,F; M = Na, K.

At the same time when a fluorine and chlorine atom occur on an
sp2-hybridised carbon it is the chlorine atom which is replaced,***
which corresponds to the order of replacement at an allylic position.

(CF,),C—=CFCl 2% GF,),C=CFL.
refluxing
609
On treatment of tetraiodoethylene with iodine pentafluoride,
addition of fluorine to the double bond takes place together with the

replacement of three iodine atoms leading to the formation of
iodopentafluoroethane.! This method has no preparative value.

1F,
Cl,=CI, e CF,—CF,I.
269%
An interesting case of the formation of iodopentafluoroethane on

treatment of iodotrifluoroethylene with an F3NO.BF3; complex at
low temperatures has been reported in a patent.*t

F;NO BF,
CF,==CFI _———I_MTC__» CF,CF,I.

2. Preparation from derivatives of perfluorocarboxylic acids

The slow heating of anhydrous silver perfluoroalkanecarboxylates
with a slight excess of iodine (the Borodin —Hunsdiecker reaction)
affords the corresponding iodoperfluoroalkanes in high yield.*”*®
The reaction is versatile and can be used to synthesise not only
aliphatic*’ but also cyclic?® and perfluoroalkoxyl iodides* as well as
diiodoperfluorocarbons (in the case of dibasic acids).?? This method
is important industrially—for the production of CFl, for example.

It is assumed>® that the Borodin —Hunsdiecker reaction occurs via
the formation of acyl hypoiodites.

R,CO0Ag —> [R,COOI + Agl] —» R, -+ Agl + CO,

RI=CnF2n+i [47]7 CFaOCcmFz [49]7

I(CF,)., cyclo-CgFy [22].

Iodoperfluoroalkanes can also be obtained from salts of alkali
metals®! or mercury,®? but in lower yield. The reaction is usually
carried out in an aprotic polar solvent. When iodine is replaced by
the more polar iodine monochloride in this reaction, the yield of
IPFAs does not increase.”®> The two-stage nature of the process and
the length of time needed for evaporation and drying of the
intermediate salts have impeded the application of this method in
industry.

Iodoperfluoroalkanes are also formed by the decomposition of
perfluorocarboxylic acid derivatives. Thus, electrolysis of trifluoro-
acetyl hypoiodite® or the decomposition of trifluoroacetyl iodide at
room temperature in the presence of hexamethyldistannane®® gives
iodotrifluoromethane in low yield.

(CH,),Sn—S8n(CH,),

CF,CO0T 2ol oF, I CF,COI.

A method for the synthesis of higher iodoperfluoroalkanes by
reaction of the corresponding acids with iodine and benzoyl peroxide
has been developed.®*® The reaction is radical in nature and takes
place in a nonpolar solvent (dibromo- or dichloro-ethane,
dibromopropane). The method of preparing IPFAs as described in a
patent®® has industrial value.

£3 SC z
e FCE),1

BrCH,CH,Br; 110°C
609

F(CF,),COOH

3. Preparation from perfluoroalkenes

Because of the ready availability of lower perfluoroalkenes,
iodotrifluoromethane, and iodofluorinating agents at the present
time, the synthesis of IPFAs from perfluoroalkenes has assumed
increasing importance and has been developed in three areas:
electrophilic iodofluorination, nucleophilic iodofluorination, and
telomerisation of perfluoroalkenes with iodotrifluoromethane and
iodopentafluoroethane.

Electrophilic iodofluorination. This was first reported in the case
of tetrafluoroethylene (TFE) when a mixture of iodine and iodine
pentafluoride was used.’*®2  The reaction takes place via the
formation of a carbocation on addition of iodine to the alkene. The
reaction is suitable for alkenes with different structures,®>%* including
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perfluoroisobutene®>® and perfluoromethylvinyl ether.5’ High yields

of the products were obtained (Table 1).

(IP;-+21,)
—_—

 RIR*C=CF, - [I—F] [RIR2CICF,] <> RIR*CICF,.

Iodopentafluoroethane was obtained at 60—80 °C and atmo-
spheric pressure in 90% yield. The conversion of tetrafluoroethylene
was 40%.% The latter increases on introducing catalysts such as
metals” or their salts’® "2 into the iodofluorinating mixture. Metal
fluorides®"! are recognised as the most effective catalysts of the
electrophilic iodofluorination of TFE. The methods reported in two
Japanese patents’™’* have been used in the industrial production of
iodopentafluoroethane.

Table 1. Yields of products of the iodofluorination of R'R%2C=CF,

R! R? Yield, % R! R? Yield, %
H F 76* F CF;0 94
Cl F 95+ CFy CFs 69
F F 99 F F 90
P CFs 69 F F 70

*Total yield of isomers is given.

Electrophilic iodofluorination of excess TFE with a mixture of
iodine and iodine pentafluoride in the presence of antimony fluorides
gives a mixture of telomeric IPFAs’*"" with a small quantity of
CoFs:

I,+1Fs
———— F{CF,CF,),I + ICF,CF,I + cyclo-C4Fs+ C,Fs,

CF,=CF, TShEe ST

n=1-8.

Iodoperfluoroalkane polyfluorides have been proposed for the
electrophilic iodofluorination of hexafluoropropene (HFP).”®

The principles of the electrophilic addition of interhalogen
compounds have been reviewed.”

Nucleophilic iodofluorination.  This was first put forward by
several authors®®®2 in the 1960s and is achieved in aprotic polar
solvents on heating. The reaction is initiated with the addition of a
fluoride anion to perfluoroalkene. Thus, for example, 2-iodo-
perfluoropropane is obtained by reaction of HFP with iodine and
potassium fluoride in acetonitrile at 100 °C in an autoclave.®

CF,CF—CF, -C?Kg; CF,—CF—CF, Eﬁ%ﬁ CF,CFICF,,
609

0 which is extremely stable towards

The nucleophilic
place the most

Even perﬂuoro-Z-butene,8
iodofluorination,®® reacts under such conditions.
iodofluorination of perfluoroisobutene takes

82-84

readily, giving 2-iodoperfluoro-2-methylpropane in high yield.
In this case even bound iodine (from an organic compound) adds to
the intermediate perfluoro-t-butylcarbanion.®>*7

CHI,+KF
—_—

(CF,),C=CF, (CF,),CL

7%

Iodoperfluorocyclobutane is formed in a nucleophilic iodo-
fluorination reaction of perfluorocyclobutene.® Conjugated
nucleophilic addition of (IF) to perfluoro(methyl vinyl ether)
only occurs under severe conditions, giving I-iodoperfluoro-
1-methoxyethane in negligible yield.5” Lur’e, et al.’” attribute this to
destabilisation of the intermediate CF3OCFCF; by the electron pair
of the neighbouring oxygen. An industrial method for the iodo-
fluorination of TFE using hydrogen fluoride and lead(II) oxide has
been reported in a French patent.®®

1., HF, PbO

CFZ =CF2 ——W CFschlc
909

2-Iodoperfluoro-2-butene has been obtained in a similar manner
from perfluoro-2-butyne.*®

CF,C=CCF;~>CF,CF=CICF;,.

A modification of this reaction occurs in the preparation of iodo-
perfluoroalkoxyalkanes with a branched chain®®®' by reaction of
hexafluoroacetone with the respective alkene and I, in the presence
of excess alkali metal fluoride in a solvent.’*°

(CF4);C=0 - (CF,),CF—0~ 2X=°% (CF,),CFOCF,CFR —>
—> (CF,),CFOCF,CFIR.

R=F (17%), CF, (13%) [89].

The nucleophilic iodofluorination of perfluoroalkenes has been
studied in greater detail in a review by Joung,%¢ and the mechanism
of the reaction between alkoxide anion and fluorine-containing
alken::’s in the presence of iodine is examined in a report by Evans,
et al.

Radical iodofluorination. Radical iodofluorination of
perfluoroalkenes has not been used very extensively. Only the
preparation of 2-iodoperfluoropropane from hexafluoropropane has
been reported.®®

CF,CF=CF, =%t CF,CFICF,.
609

With the methods for preparing iodoperfluoroalkanes and iodo-
perfluoroalkoxyalkanes examined above it is possible to obtain
mainly compounds with a short carbon chain containing up to eight
carbon atoms.

Radical addition. For the synthesis of higher IPFAs, radical
addition of lower iodoperfluoroalkanes and iodoperfluoroalkoxy-
alkanes to perfluoroalkenes is normally used, frequently with
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oligomerisation of the latter occurring at the same time. The process
is usually carried out in solution under pressure in the presence of
metal salts.%1%2

Thus, IPFAs with 5—29 carbon atoms in the chain have been
obtained by addition of CFsl to TFE.!®2 This method is important
industrially. However, on exposure to radiation IPFAs are formed
containing not more than 11 carbon atoms in the chain.'®® Higher
IPFAs are also obtained by electrophilic iodofluorination of TFE™
together with C,FsI (see above). These methods have future
potential for the production of higher perfluorocarboxylic acids from
the corresponding IPFAs.'%

The addition of CF3l to HFP is not regiospecific and occurs with
a low conversion. The formation of specific products depends on
the conditions. Thus, Deev, et al,”’ on conducting the reaction in a
nickel tube at a temperature of up to 380 °C, succeeded in obtaining
about 77% 2-iodoperfluoro-2-methylpropane.

h
Y CF{CFICFs - (CFy),CFCFyl
80% 200

{105]

CFsl 4+ CF3CF—=CFo—
[Ni]
> CFsCFIGF; 4 (CF3),CFCF,I + (CFg)CI [27] .
320—380° C 9% 6% 77%

It was possible to obtain trifluoromethyl-substituted IPFAs
containing more than 33 carbon atoms from HFP and higher IPFAs
by oligomerisation on exposure to radiation.!%¢ Branched
perfluoroalkenes containing more than three carbon atoms on
exposure to radiation with iodotrifluoromethane give products
derived from the replacement of fluorine at vinyl and allyl positions
together with addition products.!®?

— > (CF3),CFCFICF,CF,
229;

——> (CF3):CFCF(CF3)CF,1
5%

hv

CF31 +(CF3),CFCF—=CF, —» (CF3)CFCI=CF,

169,

——> (CFs3):C=CFCF,I
129,

——> (CF3)CFCFICF;
2%

Oligomerisation of tetrafluoroethylene with C,FsI in the presence
of antimony pentafluoride or organic peroxides under pressure and
at an elevated temperature!®'% gives IPFAs with an even number
of carbon atoms in the chain.

65-75°C, 7-10atm _ CoF3(CF,CFy), 1
(CCL=CCIC00),  n=1—5, 95—979%

CyFsl 4 nCFy==CF,
125°C
(CH,CO0),

— CoF5(CF,CFy) 1
950

n=>5—17,

Both of the isomeric iodoperfluoropropanes undergo a similar
reaction, forming IPFAs with 21—25 carbon atoms.!!'®!!! [PFAs
with an isomeric structure containing from 5 to 23 carbon atoms are
obtained by oligomerisation of (CF3),CFI with TFE in the presence
of peroxides.!!®!!2113  In the absence of catalysts IPFAs can be
obtained under pressure.'!*

The aqueous-emulsion oligomerisation of TFE with (CF3),CFI or
C,Fsl at 15—30 °C in the presence of ammonium persulphate or
emulsifying agents has been reported.!

[(NH,),8:04]
[NaHSO,+4-CsF;;COONH,]

(CF4),CFI -+ nCF,=CF, (CF3),CF(CF,CFy),I

n=2—>5, 63%.

Thus, by varying the initial reactants and their ratio, using
different catalysts and solvents, and changing the process conditions
it is possible to obtain iodoperfluoroalkanes and iodoperfluoro-
alkoxyalkanes with quite a long carbon chain. Even though the use
of a telomerisation process leads to the formation of a wide range of
products that are difficult to separate, the production of iodo-
perfluoroalkanes with seven or more carbon atoms in the chain is
actually based on this process.

4, Other methods for preparing iodoperfluoroalkanes

It was shown by Knunyants, et al?® that reaction between
nitrosoperfluoroalkanes with iodine in an aprotic polar solvent leads
to the formation of IPFAs in high yield.

50—70° C

R,NO + 1, R/
80—95%
R!=CF3, C3F7, (CF3) 3C .

Iodotrifluoromethane is formed by prolonged UV irradiation
of methyl trifluoromethyl sulphide''® and bis(trifluoromethyl)
sulphide'!” in the presence of sources of jodine radicals.

CF3SCF; ’*%ﬁ” CFsl CTH‘-’ CF3SCH,

649 [147)]
309 {116)

On treatment of perfluoropropane-2-sulphinic acid with iodine
monochloride, 2-iodoperfluoropropane was formed in 33% yield.!!®
The action of an alcoholic solution of iodine on perfluoroalkane-
sulphonyl chloride at an elevated temperature results in the
replacement of the sulphonyl chloride group by iodine.!*®

1C1
Rf’—:(CFs)zCF, X=H

(CF,),CFI
R,S0,X —|

I,

R/ OCF,CF(CF,)OCF,]I .

'Ry=R/’OCF,CF(CFy)OCF;, X=Cl

Oxidation of the trilodomethyl ester of n-perfluoropropane-
sulphonic acid on exposure to UV radiation gives l-iodoperfluoro-
propane through removal of iodine from the triiodomethyl group.'?°

UV irradiation, Oy
—_—

n- C3F7SO3C13 n—C;;F7I .
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The progress made by different research workers'?"'? in the

1980s in studies on the chemistry of perfluoroalkenyl fluorosulphates
led to the development of a preparative method for the synthesis of
l-iodoperfluoro-2-propene and other 1-iodoperfluoro-2-alkenes
through replacement of the fluorosulphate group by iodine and
made this class of compounds, which was previously little-studied
but very promising in terms of synthesis, quite accessible.

Nal, solvent

R/CFy080,F  — R;CF,I
R;=CF,=CF, CCl,=0Cl, (CF;),CFCF=CF,

Iodoperfluoroalkanes are also formed by reaction of
perfluoroalkyl-containing  organoelemental = compounds  with
iodine'?'# or jodine monochloride.!*® Thus, reaction of iodine with
(CF3)(CH3);Bi or iodine monochloride with (CF3)3Bi '® gives
iodotrifluoromethane, while reaction of iodine with bis-
(perfluoroisopropyl)mercury gives 2-iodoperfluoropropane.'?* The
replacement of halogens in haloperfluorocycloalkenes by iodine in
the presence of ethylmagnesium bromide constitutes a variant of this
method.*

Mixed alkylpolyfluoroalkylsilanes'?® and organolithium compounds
behave in a similar manner. The latter are obtained at quite low
temperatures.'?%1?° It has been shown that the reaction is nucleo-
philic in nature towards iodine.!2¢

(Rp)y~M—Rm+1, 57 RyI

acetonitrile

Small quantities of 2-iodoperfluoro-2-methylpropane are obtained
from perfluoro-t-butyl chloroformate and potassium iodide or
bis(trifluoromethyl)diazirine and iodotrifluoromethane.

FiC CF;
900 ° . "/
(CF3);COCOCI KI, 180-200 °C (CF3),Cl CFsl, 150-200 °C o
vield 30% yield 10—12% PN
===

Thus, it is possible to approach the synthesis of IPFAs in different
ways, but only some of the methods examined can be used in
industry. Amongst these are the reaction of perfluorocarboxylates of
Group 1 metals with iodine, the catalytic electrophilic
iodofluorination of perfluoroalkenes, fluorination of diiodoperfluoro-
alkanes, and the oligomerisation of TFE and HFP with iodotri-
fluoromethane, iodopentafluoroethane, and iodoperfluoropropanes.
The reaction between polyfluoroalkyl fluorosulphates and sodium
iodide also appears to have considerable potential.

III. Chemical properties of iodoperfluoroalkanes

The energy of the C—1I bond in iodoperfluoroalkanes is low, and
they readily undergo homolytic dissociation to form Ry and I’
radicals on thermal or photochemical excitation. They yield an Ry
radical from the action of radical initiators (RIs) or Ry and I” on
capture of an electron from an electron donor [optical electron
detector (OED)] although in far from every case is it possible strictly
to distinguish these reactions.

Ry + I RI*-Z2 RI-S5 R,

(CF;),CCF=CF.

The resulting perfluoroalkyl radicals Ry are highly reactive and
are stabilised through addition to carbon—carbon multiple bonds,
homolytic cleavage of the bonds of molecules of substrate or solvent,
and as a result of perfluoroalkylation of aromatic compounds,
nucleophiles, and certain elements, and to a lesser degree by
recombination or reduction to a perfluorocarbanion followed by
ejection of F~ and formation of an alkene:

>C=C< ( or —CEC-—) Ny J

AN
R—C—C-I or C—
/ AN R 7\
f 1
X—X
B,X
SolvH RiH
Elements of Groups
R, ~— -
4 IV-VI R;—(E)—R,
ArHal, Cu Rj""’ Ar
RXH Or Nu—
RIXR t
recombination R,—R,
1) +e
2) —F—
R,/'—CF=CF, .

(for branched Ry)

On the whole the above scheme almost completely governs the
chemical properties and general trend for the synthetic use of IPFAs,
which are characterised exclusively by radical or radical anion
processes rather than by ionic reactions as proposed in early
studies.?%*!31 Beyond the scope of our review is a small group of
reactions, also partly radical in nature, related to the oxidative
conversions of iodine itself in an IPFA molecule, the oxidative
degradation of Ry, the formation of donor-acceptor complexes, and
the halodefluorination of the CF,l group, which are also examined
in the present review.

Through lack of sufficient space we shall not examine the radical
addition reactions of IPFAs to multiple bonds, as analysed in a
monograph,’ except for those reactions with unsaturated compounds
that contain in addition to the multiple bond other functional
groups. Reactions that are initiated by one-electron transfer have
also been excluded.

1. Addition to unsaturated functional compounds

Radical reaction of iodoperfluoroalkanes with alkenes containing
functional groups occurs exclusively as an addition to the C=C
bond without affecting the functional groups'*>!** whereas radical-
ion reactions can also occur on the functional groups. As a rule the
reactions take place on treatment with conventional radical initiators
such as azo compounds,'**!** and hydrocarbon'* and fluorinated!*’
peroxides. In certain cases initiation is achieved photochemically,
with the reaction carried out in a solvent.'>?

Thus, CF;I adds to methyl vinyl ketone at its C==C bond with
an anti-Markownikoff orientation.'*®

CF,I 4 CH,=CHCOCH, —> CF,CH,CHICOCH,.
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133-135,139-153
133-135,139-144

The radical reaction of other iodoperfluoroalkanes
and iodoperfluoroethers'>*!%5 with unsaturated alcohols,
alkoxy alcohols,'3*'¥7'52 and diols'>® occurs in a similar manner.
Most frequently the reactions are carried out in the presence of
azobis(isobutyronitrile) (ABN) at its decomposition temperature
(70—-85 °C),**135 while peroxides'* or UV irradiation with
heating'®® are used less often.

CH,=CH—R—CH,0H + R,1 -2 __ B CH,CHI—R—CH,OH,
Ry=C3F1, CI.FS, (CF;)zCF, (CFs) chO(CFz)a;

| I
— —CH,0CH,CHOH, —CH,0CH,CHCH,, —CH,0CH,—,
—(CHs)s,— [133—135, 147—154].

Unsaturated carboxylic acids,'>”!°5!* their amides,'*® and nitriles
and esters!'37138:158,160-164 e} 5ve in a similar manner.

70—80° C
ABN

R/ + CH,=CH(CH,),C(0)X R,CH,CHI(CH,),C(0)X,
X=0H: R,=CF;, G,F;, C.Fs, CFi, GiFy,

n=0—4 [137, 156—158];

X=NH,: R,=C,Fys, n=8 [159];

X = OR: R, = (CF,);CFO(CFy),.,
where m =2, 5,6, n —8—18[160, 162, 163, 165];

Bf = (CFa),zCF , CF3(CF 2)m,
where m =1—17, n =1, 2[162,163].

R/ 4 CH,=CH(CH,),CN =%, R CH,CHI(CH,),CN,
R,=CF,, n=0 [138]; R,=C,F,, n=1, 2 [158, 163].

Carboxylic acids with two or three CH, groups between the
carboxyl group and the double bond constitute an exception. After
addition of R,I to the double bond these acids undergo
lactonisation through intramolecular nucleophilic dehydroiodination.
The process is assisted by gem-substitution.'3’

CH; CHj3
| [initiator] |
Ryl + CH;=CHCH,—C—COOH - Ry—CH,—CHICH,—C—COOH ——H—I)'
| =

CHj; CHs

— R,-—CH,——Q.—_O
N

H;C CHg

With initial esterfication of the carboxyl group it is possible to
obtain esters of unsaturated carboxylic acids with perfluoroalkyl
substituents from these acids.'*’

CH, CH,
| |

CHy—CHCH,—C—COOR _D CeF13L [ABNl ¢ ¢ CH-—-CHCH,—C—COOR
| 2) —HI | .
CH, CH,

There is no information available on the addition of IPFAs to
unsaturated functional compounds with a trifluorovinyl group.

The products of the addition of IPFAs to unsaturated compounds
as listed above have considerable industrial value since they are
the starting compounds for the synthesis of organofluorine
surfactant and textile-auxiliary materials (see, for example, several
studies), 133-136.147-163,166-168

The radical addition of IPFAs to vinyl and allyl esters of
carboxylic acids occurs in a similar manner.!*-1170 Al of the
members of the homologous series of iodoperfluoroalkanes up to
n = 14 undergo a reaction with vinyl acetate.!¢!7° The reaction
provides a preparative method for the synthesis of higher
homologues of carboxylate esters with a terminal polyfluoroalkyl
group and an iodine atom at the B-position relative to the R,
substituent. 165171

. [ABN]

C,F,I + CH,=CH(CH,),0COCH, —c C,F,CH,CHI(CH,),OCOCH,,

n=3—9.

The characteristics of the reaction between vinyl and allyl acetates
and IPFAs in the presence of peroxides have been reviewed in a
monograph.” Iodoperfluoro(isopropyl alkyl ethers)'%%16? react with
vinyl acetates to form monomers for the synthesis of fluorine-
containing polymers with unique properties.

[initiator]

(CF3),CFO(CF,);_5]I - CH,=CH(CH,),_sOCOCH,
— (CF,),CFO(CF,),_CH,CHI(CH,),_sOCOCH,.

The addition of nonbranched IPFAs to unsaturated carbocyclic
acids occurs stereospecifically (up to 97% exo isomer is formed),
whereas branched IPFAs form endo and exo isomers in a ratio of
about 1:1.17

Radical addition of IPFAs to amines containing a double bond in
the carbon chain!¥’ and perfluorovinyl sulphur pentafluoride!”? also
results in saturation of the C=C bond.

CF,CF,CFISF, 25 Mgy
R;=CF,

CH,=CHCH3;NHC,Hs
{ABH|;Rs=C7F15

C,F,,CH,CHICH,NHG,H,.

The radical reaction of iodoperfluoroalkanes with acetylenic
compounds containing other functional groups,’®* including
silicon!” and germanium'’* atoms, generally occur in a similar
manner with these groups remaining unaffected. A characteristic of
these reactions is the inability of the resulting perfluoroalkyl-
substituted alkenes to react further with IPFAs, apparently because
of the inductive effect of Ry, which renders the double bond inert.
For example, the addition of l-iodoperfluoropropane to diethyl
propargylmalonate'®* stops when the monoadduct is formed.

CH,C=CH CH,CI=CHG,F,
| |
C,H,0COCHCOL, H, =% ¢,H,0COCHCOC,H, -
Radical addition of IPFAs to functionally substituted olefins and
acetylenes is a convenient method of preparing polyfluoroalkyl-
substituted compounds.
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2. Stabilisation of R ; radicals by addition to elements of
Groups IV —VI and their derivatives

Apart from the addition to unsaturated carbon—carbon bonds, a
set of radical reactions with elements of Groups IV—VI (S, Se, P,
As) and their compounds, occurring as a result of the unfilled state
of the outer electron shells of these elements, is also characteristic of
IPFAs. Thus, the reaction of iodoperfluoroalkanes with sulphur at
250 °C gives a mixture of di- and tri-sulphides,’’*!7® while at 300 °C
a mixture of mono-, di-, and tri-sulphides is formed. The reaction of
branched IPFAs with sulphur occurs in a similar manner.!”’

250—500° C

R,

Ry 4+ T,

R,/ +S—R;S,
R,S™+R,;S—~R,SSR;+R,SS+R;",
R,S"+S—R,SS’,
R,SSR,;+R,;SS"—~R;SSSR,+R,S’,
R;SS'+S—R,SSS,
R,SSS"+R,SR;—~R,SSSR,+R;S’,
R,S"™+R,"~R;SR,.

At the same time, when IPFAs were reacted with HgS,!7” only

22% bis(perfluoroisopropyl) disulphide was formed, with 74%
conversion of 2-iodoperfluoropropane leading to the formation of
2,3-perfluorodimethylbutane through recombination of perfluoro-
isopropy! radicals.
Under more severe conditions perfluorinated iodine-containing
ethers react with sulphur to give mainly disulphides.'”®
S; 450° C

2(CF,),CFOCF,CF,I —£~°, [(CF,),CFOCF,CF,S],.

Reactions of IPFAs with selenium can be carried out in
continuous flow systems,'”® with diselenides mainly being formed in

good yield.
- , 300-350 °C
CF 31 -+ Se m CF3——SQ—SG—-CF3.

799%

A characteristic of reactions of IPFAs with sulphur and selenium
is the participation of the resulting I’ radicals solely in chain
termination.

In reactions of IPFAs with phosphorus and arsenic'®*'3° different
types of phosphines and arsines are obtained depending on the
structure of the perfluoroalkyl radicals. For the reaction of iodo-
trifluoromethane the formation of all three possible iodotrifluoro-
methylphosphines, apparently through the participation of iodine
atoms along with R ; in chain termination, has been detected.!81-182

CF,I + P%}l (CF,)sP + (CFy),PI + CF,PI,.

The formation of tris(perflucroalkyl)phosphines and tris-
(perfluoroalkyl) arsines does not occur in the case of longer
perfluoroalkyl radicals (C;, —C ). /#*71%

Asymmetric iodophosphines have been obtained in reactions

of IPFAs with tetrakis(alkyl or perfluoroalkyl)cyclotetra-
phosphines, !3¢188
R R
AN / I
P—P 150—185° C
Ryl + I R—P
— N
7 AN Ry
R R

R=CF;, C:F;, (CF;).CF, C,H;; R;=C,F;, (CF;).CF.

It has been established kinetically that on changing from n-C3F;1
to (CF3);CFl the rate constant and energy of activation of
the reaction are reduced [sic. The latter is presumably increased,
(Ed. of Translation)], namely, the reactivity of the iodoperfluoro-
alkanes decreases as the degree of chain branching increases, because
of both the increasing electronegativity of the fluoroalkyl group and
steric hindrance.

A general reaction of nonbranched iodoperfluoroalkanes is their
addition to silicon diftuoride.'®

RfI+Sin‘*R;SlIF2,
R,=CF,, C.Fs, GF..

3. Stabilisation of R ; radicals through cleavage of single bonds
In addition to radical reactions involving the addition to
carbon—carbon multiple bonds, IPFAs exhibit a wide range of
reactions with stabilisation of Ry through cleavage of the single
bonds of organic and inorganic molecules and the subsequent
formation of products that are more stable under the conditions of
radical decomposition than the initial IPFAs. During radical
initiation the iodine atom of IPFAs is readily replaced by more
electronegative halogens or groups,'®®'%* resulting in the formation
of more stable polyfluoroalkyl-containing compounds. In this case
the primary radical source can be a halogen molecule,¥%1%% if the
energy of its homolytic dissociation is lower than that of the IPFA.

ClF;, 50—100° C

[192] RNO—F— o [ %= CFan 7 =1 ~ R,F [191]
R,I 67—719%
[191]R,Br . Br, hv | X, (X2 = Fy, Cly, CF,CICFCly), hv RX[191].
Rp=C, Fonsy n=1—4 Ry==(CF,).CF(CF.); 54
91989 77-98%

On the other hand, in the radical reaction of IPFAs with
cyanogen, in which it is possible to obtain nitriles of the
corresponding perfluoroalkylcarboxylic acids in quantitative yield,
the IPFAs act as a radical source.'"® The radical nature of the
reaction is confirmed by the presence of a small quantity of product
derived from the coupling of polyfluoroalkyl radicals:

350° C

RfI + (CN)Z W BfCN + Rf—R].
trace amounts
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On reacting with hydrogen, IPFAs are converted to monohydro-
perfluoroalkanes.!®® The involvement of hydrocarbon iodoalkanes
in radical reactions is also possible. Thus, 1,1,1-trifluoroethane and
1,1-difluoroethylene are formed from iodomethane. The latter is
formed as a result of stabilisation of the excited state of 1,1,1-tri-
fluoroethane through elimination of HF,!%%!%?

CF,I 4- CH,I = CF,CH,* + I, ——> CF,=CH,.

Stabilisation of an Rj radical may also be achieved by the
152

removal of a proton from a C—H bond of alcohols, °“ alkanes,
cycloalkanes,2®2%2 and alkylsilanes.2*®
(CH,),SiS1(CHy), hv
CF3H hv; 100° C 3% C3Hs or cycloalkane CFsH '

Reactions of IPFAs by a radical mechanism depend in many
respects on the process conditions and are principally governed by
initiation (thermal, photochemical, or using initiators). The addition
of IPFAs to multiple bonds and elements of Groups IV —VI as well
as reactions with cleavage of X—X bonds (X = CN, Hal) occur
most frequently by this mechanism. By varying the methods of
generating radicals and the length and branching of the hydrocarbon
chain of IPFAs it is possible to influence the reaction route,
achieving the formation of given products. A characteristic of all
these processes is that other functional groups present in the
molecule, such as a nitrile group as well as the perfluoroalkyl-
substituted double bond formed from alkynes, are stable towards
IPFAs during reaction.

A radical mechanism is in doubt for certain cases of these
reactions, since in addition to energetic excitation of the molecules
there is the theoretical possibility of electron transfer, and this in
turn can alter the process mechanism.?**

4. Oxidation of iodoperfluoroalkanes

The oxidation of IPFAs is one of the few reactions which,
depending on the conditions and nature of the oxidising agent.
occurs either on the iodine atom or on the perfluoroalkyl group
leading to its degradation.

Oxidation of IPFAs on the fodine atom. This gives perfluoroalkyl
compounds of polyvalent iodine and takes place with all of the
bonds being preserved in the molecule. Of reactions of this type,
prominence should be given to oxidative halogenation. This reaction
was first carried out using chlorine trifluoride,?>?% and then
subsequently with fluorine diluted with nitrogen?®” and with xenon
difluoride.?® Depending on the reagent, oxidative fluorination
occurs with the formation mainly of perfluoro-alkyliodine
tetrafluorides and perfluoroalkyliodine difluorides. A similar
reaction may be carried out when other oxidising agents such as
chlorine nitrate or perchlorate?’®2'? and trifluoroperacetic acid’®

are used. The ratio of the iodine oxidation products depends on the
reaction conditions.

ClF,
T<0' G < BAFa R IFy (R =C,Fypyy)
trace amounts
n=2—22 [205, 206];
(when R;=CF} yield of R/IF, 100%)
F
Fy/N,, CCl, ' s
/ 1,F B,I (R; =CFs [207])
—78°C AN
F
F
XeF. /
— R, . (R;=CsF; (60%) [208])
F
NO,
RI___ CIONO. R (R;=CF; [210])
pressure AN
NO.
Cl NOy
CoN0, 0OLF g < R,1 7 (R,=CFs [211])
—78——20°C AN
NO: NOZ
0Cl10;
7
G10C10, R,1 (Ry = (CF3)CF  [212])
AN
0Cl0g
OCOCF3
£0% H,0,
LR = CoF; 9
(CF,0),0, CF,cO0H ! (Ry=Cal'z (09%) (209D
OCOCF;

The resulting perfluoroalkyliodine difluorides and tetrafluorides
are sensitive to hydrolysis. The stability of the tetrafluorides at
20 °C increases in the series

CF,< (CF.),CF<C,F, [206].

Perfluoroalkyliodine dinitrates and diperchlorates are obtained in
low yield, probably because of their low stability at room
temperature compared to the corresponding polyfluorides. The
decomposition of perfluoroalkyliodine dinitrates may evidently occur

according to the following scheme:2!%2!!

10CFsI(NO;),—5CFI+5COF,+10N,05+ 1.+ 1F5+1,05.

Starting from perfluoroalkyliodine difluorides and acetates,
L M Yagupol'skii, et al.%?%21> developed a preparative method for
the previously inaccessible arylperfluoroalkyliodonium salts, which
are convenient reagents for the preparative perfluoroalkylation of
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different nucleophiles, which determines the considerable synthetic
value of these compounds.

RIF, + BF; — R {FBF~ S50, CHyCeH, IR BF,~;

87% (R=GCsF7)
83% (R;=CeF13)

CH,C:H.IR,X-+MNu—R,Nu [6]
M=Na, K; Nu=PhS, PhSe, NO:, SCN, SeCN.

Oxidation with degradation of the perfluoroalkyl chain.
Photochemical oxidation of perfluoroalkanes with oxygen occurs
quite rapidly and is accompanied by stepwise degradation and the
formation of carbonyl fluoride. When the oxidation is carried out in
a quartz vessel, silicon tetrafluoride is also found amongst the
reaction products. It is thought that decomposition of the
perfluoroalkyl residue occurs via the formation of a perfluoroalkoxy
radical. The latter, by eliminating COF,, forms a new perfluoroalky!
radical which contains one less CF, group and which undergoes
further oxidation.?>!*

hv 0, GF,1 0,
GF;1 — GF," L I' —> CGF.00" ——> GF,001 + GF," —> etc.

!

CyF,1

CeFy 4 COF;+ 17 «— CgF,01 4 GF," <——— GF,0° 4 10— GFy" -+ COF,
|o Jo. -
etc. etc.

In the presence of water or mixtures of water and chlorine and
bromine, which is better, the radicals formed during oxidation
undergo side reactions, giving perfluoroalkylcarboxylic acids. Thus,
a mixture of acids is obtained on photochemical oxidation of 1-iodo-
perfluoropropane with oxygen in the presence of moist bromine.??

0., Bry, H,O
~—————> C;F;COOH ;4 CF,COOH .

45% 239,

CyF; 1

On treatment with other oxidising agents, such as oleum,
degradation of the carbon skeleton does not usually occur, and
polyfluorocarboxylic acid fluoride and a small quantity of
perfluoroalkyl fluorosulphate are formed. Both products contain
one less CF, group compared to the initial IPFAs. 23

R,CF,[ 2 ~R,COF + R,COOH + R,CF,080,F.

130-200°C,1-20 h
889, 1.89% 2.7%

When iodoperfluoroisopropoxyalkanes were oxidised with oleum,
the product derived from the replacement of the fluorine atom of the
fluorosulphate group in the by-product fluorosulphate by a second
fluorosulphate group was identified together with the normal acid
fluoride:*!

—> (CF3),CFO(CF,);COF
(CF9):CFO(CFy)el —

¢ (CF,),CFO(CF5),080,080,F .

The temperature of the process can be reduced by the addition of
chlorine and zinc sulphates to oleum.?'” A number of methods for
the oxidation of IPFAs to perfluorocarboxylic acid fluorides are
currently available. It may be assumed that the process for
preparing acid fluorides by oxidation of IPFAs (provided that iodine
is returned to the process cycle) can compete successfully with the
traditional method for preparing them — electrochemical fluorination
in anhydrous hydrogen fluoride. Complex equipment design, high
energy consumption, and low yields of acid fluorides because of
degradation of the carbon skeleton of the initial molecule are
characteristic of the latter.!®

5. Formation of charge-transfer complexes

The polarisation of the C—1I bond in IPFAs, which is the reverse
of that in CH;l, gives rise to their ability to form molecular
complexes (1:1) with electron-donating solvents in which the iodine
acts as the acceptor.?'®2%5 This is supported experimentally by the
shift of absorption bands that are characteristic of IPFAs in the UV
spectra'®2!® and by changes of the chemical shifts in the ®F NMR

spectra.?!?

¥\
RfI + ZB-——'RfI -B

R,=CF;, C.F;, C;F,, (CF,;);.CF, (CFa)sC§
B:=CGH5NR2, C5H5N,
(CHs).N, C.H,OH, (C,H;).0.

In the complexes the C—1 bond in IPFAs changes its nature and
becomes similar to the corresponding bond in hydrocarbon
iodoalkanes. The reactivity of the complexes differs slightly from
that of IPFAs. Thus, (CF3),Cl in a solution of diethyl ether reacts
with diethylamine to form the corresponding enamine:®*

Nt 1—C(CFy)s —> Ii——llIM---GI_---GCT(CF,)g] —
! |

(C:H),NH
—_—

+
e + ~C(CFs)g ——» CF=C(CF3); + [—I‘L—I} F-
| —~F- l —HF

- (CF;) zC=CFN(CzH5) 2.

It should be noted that the greatest shifts of the absorption bands
occur in the UV spectra of a mixture of 2-iodoperfluoro-2-methyl-
propane with diethyl ether and ethanol.

6. Reaction between iodoperfluoroalkanes and aluminium
halides

Iodotrifluoromethane readily reacts with aluminium halides,
forming a mixture of substitution products.??® Eapen, et al.?”" found
that its higher homologues and iodoperfluoroalkoxyalkanes also
undergo such a reaction in the presence of a 1.5- to 3-fold excess of
AICl; or AlBr;.

AlXs n
R/CF,1 75-120 °C, 2474 b R/CX,
55—569%

R,I:CSF?; CaFn, Cszl; X=Cl, Br.

It follows from the experimental results that the formation of
trichloro derivatives occurs via the intermediate formation of
R;CCLI. The latter can be isolated at a lower temperature with a
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yield of about 15%. In our opinion, cleavage of the stronger C—F
bond occurs in this case because the formation of AlF; is
thermodynamically more favourable compared to AlX; X = CJ,
Br). The reaction with branched iodoperfluoroalkoxyalkanes is
complicated by dechlorofluorination and more extensive substitution
of fluorine atoms, probably because of the close proximity of the
electron-donating oxygen atom.

—__» (CF3),CFOCF,CCls
269

— > (CF;),CFOCF=CCl,
AlClg, 100-105 °C 19%

(CF3),CFOCF,CF,] —————

60 h

——> (CF3),CFOCCI=CCl,

199

—> (CF3),CFOCCL,CCl5
2%

IV. Use of iodoperfluoroalkanes and perfluorinated
iodine-containing ethers

Todoperfluoroalkanes and perfluorinated iodine-containing ethers
have found extensive use in chemical technology and in different
areas of science and engineering—in laser technology, etching of
dielectrics, separation of carbon isotopes, and as intermediates in the
synthesis of surfactants, textile-auxiliary materials, and biologically
active compounds.

1. Use of IPFAs in chemical technology and engineering

In 1971 the use of iodopentafluoroethane on a support was
proposed as a source of radicals for the initiation of polymerisation
processes.m"229 Highly fluorinated oils were subsequently obtained
by polymerisation of tetrafluoroethylene®®® and other perfluoro-
alkenes®! in the presence of C,FsI. It should be noted that IPFAs
can be used in polymerisation processes not only for initiation but
also for modification of the polymers obtained.3??

Long-chain branched IPFAs with the general formula
(CF3),CF(CF>CF,),l (n = 6—16) are used as components of self-
lubricating compositions (at a level of 5—30%). 23323

Starting in 1979 there has been an increase in the number of
publications on the use of IPFAs in photodissociation iodine lasers
(FIL). Laser generation from the transition of an excited iodine
atom (obtained by pulsed photolysis of CF5I) to an unexcited state
was first achieved in 1964.%

For the last 20 years the processes that occur during pulsed
photolysis of CFsl and after it and the parameters of a CFsl laser
have been thoroughly investigated. In order to improve the
energetic characteristics of a FIL and to simplify its use, including
the ability to use an active medium repeatedly, the use of
homologues of iodotrifluoromethane—n-C3F51, n-CsFyl, n-CgFjal
and their isomers and also C,FsCFICF; and (CF;);CI—has been
proposed > 23528 Amongst these compounds there is considerable
interest in 2-iodoperfluoro-2-methylpropane because, in contrast to
other IPFAs, the (CF3)sC radical formed during its photochemical
decomposition mainly gives the initial compound on account of its
structural characteristics and high stability in recombination
processes, thus preventing the formation of molecular iodine and
making it theoretically possible to produce a frequency FIL."

The use of IPFAs in laser technology is not restricted solely to
FILs. The use of a mixture of CF;l with hydrogen-containing
components such as iodomethane, hydrogen bromide, and fluorine
and hydrogen has been proposed for obtaining an HF-laser
emission.!*'51%  Studies have been conducted on the production of
a laser based on molecular iodine by excitation of a mixture of CF;l
and argon with an electron beam.?*

The coincidence of the absorption spectrum of iodotrifluoro-
methane containing a small quantity of *CFsI with the wavelength
of a CO; laser forms the basis of the use of iodotrifluoromethane in
the separation of carbon isotopes by multiphoton dissociation of
CFil at —80 °C in the field of a CO, laser.!” The efficiency of this
method is very high (enrichment coefficient 600); in future it is
likely to evolve as the principal method for *C isotope enrichment.

2, Surfactants based on iodoperfluoroalkanes

At the beginning of the 1960s Brace!>6'>® and then Litt and
Bloch1®™>?* established that starting from l-iodo-1,1,2,2-tetrahydro-
perfluoroalkanes or iodoperfluoroalkoxyalkanes it is possible to
obtain compounds that can produce a marked change in the surface
tension of solutions and which are considerably superior to known
surfactants. Research in this field has been considerably
extended.!6%178:195.241-250  Cyrrent methods for the synthesis of
surfactants based on IPFAs are exhibited in the scheme given in a
monograph.!® This scheme can be supplemented by the following:

CsF,CH,.CHI(CH,) O(CH:CH,0),
TCHZOH
(1651
—> CgF;CH,CHI(CH,) OCH,0COCH; —» CyF;CH,CHI(CHy),,
OCH,0H
CF,1

—> CgF;(CH.CHy), . ;SOsNa [91]

> CsF-/CHZCIHz
+N—CH,CO00~

( ) [244]
5}

Acids whose salts have surfactant properties have also been
synthesised from iodoperfluoroalkoxyalkanes. Sulphonic acids!’®
and sulphonyl fluorides and sulphonyl chlorides®' obtained from
these compounds have similar properties.  Fluorine-containing
surfactants have a number of specific properties, in particular,
stability towards acids and alkalis and also high thermal stability.
They are effective at very low concentrations and are suitable for use
not only in aqueous solution but also in organic media.

3. Textile-auxiliary materials

The imparting of hydrophobicity and oleophobicity to polymers
on introduction of perfluoroalkyl groups has formed the basis of the
widespread use of IPFAs in the synthesis of textile-auxiliary
materials for impregnating fabrics, cellulose goods, and other fibrous
materials, including synthetic fibres.!3-136:150.155.162166,167,170.216,251
The most effective textile-auxiliary materials have been obtained
from higher IPFAs with the number of C atoms > 7.1471%
Saturated polyfluoroalkoxy-alcohols and -amines and organo-
phosphorus compounds used for imparting water- and oil-repellent
properties to cellulose and textile goods have been obtained from
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l-iodoperfluoroheptane.'4”252253  1.Jodoperfluorooctane is used in
the synthesis of antisoiling agents for fabrics.!*15%156 A more
extensive group of iodoperfluoroalkanes Ryl (Ry = C4—Cis

perfluoroalkyl) is used in the synthesis of ammonium polyhydroxy-
alkylselenates and their derivatives, which impart oil and water
resistance to textile fibres.'>® Members of the homolytic series of
IPFAs with the number of C atoms < 4 are used less frequently for
this purpose, 133135254256

Todoperfluoroalkoxyalkanes are the starting materials for the
preparation'$163257 of esters that are used in the synthesis of the
corresponding acids and their complexes with chromium
hypochlorite. The latter are efficient oil-repellent agents.

IPFAs and iodoperfluoroalkoxyalkanes have been used to
synthesise novel monomers and polymers, 2415315425825 quch a5
fluorine-containing polyurethanes,'>>?*® with dust- and soil-resistant
properties. The monomers obtained using IPFAs with the number
of carbon atoms ranging from 1 to 10 have proved promising for the
synthesis of novel polymer materials having the properties of
rubbers, 2! vulcanised rubber,®? and other vulcanised materials,2?
as well as vulcanising agents.'®

By using I-iodoperfluoropropane in the synthesis of fluorine-
containing benzoxazoles, the authors of one patent264 discovered
novel anticorrosive lubricant additives.

4. Biologically active compounds

The use of IPFAs in the synthesis of biologically active
compounds has assumed a prominent position. Reaction of CF3l
and certain of its homologues with organic substrates gives cyclic,
aromatic, and heterocyclic perfluoroalkylated compounds that have
diverse forms of biological activity (Scheme 1).25%%2 Yodotrifluoro-
methane is used most frequently in the syntheses of biologically
active compounds because the compounds prepared from it have the
greatest activity and also because of the high stability of CF3;I. As a
consequence of the latter, the trifluoromethylation reactions, which
are usually carried out at a temperature not lower than 110 °C, are
not accompanied by side reactions due to the degradation of the
perfluoroalkyl substituent. This is a considerable advantage in the
synthesis of pharmacological compounds.

Scheme 1. Spectrum of biological effect of perfluoroalkyl-containing

compounds obtained by perfluoroalkylation of aromatic and
heteroaromatic substrates.
Antl'- 2cs A?m?el-s , Relax:arxtt or o Analgesic?”
allergic mintic tranq!.uhsmg2
T ’ T
, f ! |
Antitumour and Ryt Antiinflam-
antiviral?’? matory?”
! |
i i i
+ 270 Cardiovascular .. 268,276
Cytostatic 269 Herbicides™™
drugs

Research into novel alkylating agents for the preparation of
biologically active fluorine-containing compounds has recently been
undertaken. Halodifluoroacetic acids and their derivatives have been

used in particular for this purpose. Thus, Delyagina, et al?®
pointed out their ability to undergo nucleophilic substitution, while
in subsequent syntheses with methyl iododifluoroacetate it was
shown that they are characterised by addition and substitution
reactions that are normal for IPFAs, including the alkylation of
aromatic and heterocyclic compounds.?®* As a result of these studies
it was possible to introduce the CH300CCF, group into complex
organic molecules, considerably extending the synthetic possibilities
of the resulting compounds.

5. Other areas of application

In addition to the traditional areas of application, IPFAs and
iodoperfluoroalkoxyalkanes are used as intermediates in the synthesis
of various materials with useful properties,'’ including the
production of dyes.?? Iodoperfluoroalkanes are used as sources of
fluorine for etching glass surfaces in order to improve their stability
towards water and aqueous solutions.!® An assessment of the
possibility of using CF3I in radiation dosimetry has been carried
out.® In certain cases IPFAs are convenient solvents in IR
spectroscopy.285

V. Conclusion

The presence of the highly fluorinated R, residue in IPFAs gives
rise to a basic difference between them and their hydrocarbon
analogues, involving a withdrawal of electron density for the C—I
bond. This almost completely deprives the molecule of the ability to
participate in nucleophilic substitution reactions. Radical and
radical-ion reactions are typical. Nevertheless, IPFAs, like their
nonfluorinated analogues, are convenient alkylating agents, and by
using simple methods they enable fluorine-containing substituents to
be introduced into complex organic molecules without causing them
to degrade, thus establishing their main use in organic synthesis.

The independent practical value of IPFAs results from their use in
areas of modern technology such as mechanical engineering, laser
technology, isotope separation, etc.

IPFAs (in particular CFsl and »n-C;F;I) have disadvantages in
terms of their practical application because of their relatively high
costs, since at the present time no technologies for synthesising them
have been developed that can compete with the Borodin-—
Hunsdiecker method. Therefore, the development of alternative and
oxygen-containing iodoperfluoroalkanes based on available products
is a useful and promising trend.

We do not claim that the bibliography presented in this review is
comprehensive in its coverage. However, the main directions of
research into the preparative methods as well as the reactivity of
iodoperfluoroalkanes are fully reflected in it. We hope that the
contents of this review will be useful not only to researchers working
in the field of the organic chemistry of fluorine but also to a wider
circle of synthetic chemists.
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