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Abstract

The invention concerns a partially fluorinated alkane with
the general formula R, [CF, - CH,]R;, wherein R, 1is a
substituent of the general formula C H,6 selected from the
group consisting of n-alkyl, sec-alkyl, tert-alkyl and
cycloalkyl; R, is a substituent of the general formula C_F,
selected from the group consisting of the perfluoro-n-
alkyl, perfluoro-sec-alkyl, perfluoro-tert-alkyl, and
perfluorocycloalkyls, with the proviso that only one of R,
and R, can be linear, and that n > 3, the sum of n + m <
18 and that only either R; or R, are an n-alkyl or
perfluorinated n-alkyl. These partially fluorinated
alkanes find use as solvents, especially in medical
applications where the properties of hydrocarbon solvents

are not acceptable, in implants, and as an oxygen carrying
blood substitute.
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Fluorinated Alkanes and Their Uses

The invention concerns partially fluorinated alkanes according
to the general formula I:
Ro.[CF, - CH,]Ryeevnn. T
wherein Ry is a substituent of the general formula CH, and Rf is a

substituent of the general formula C_/F,.

In the event that sec-alkyls, tert-alkyls or cycloalkyls, or
the perfluoro equivalent variants of these alkyl groups are used,
the molecule is branched. Linear or branched molecules of this type
are described, for example, in DE 42 05 341 Al and in US 5,275,669.
Furthermore, the use of such alkanes in medicine, pharmacy and
technology is known from these and other publications. Especially
in DE 42 05 341 .Al,' the reduction of the concentration plays a
decisive role which is reflected in the selection of compositions
with short perfluorinated substituents. DE 195 36 504 Al also

"describes fluorinated alkanes and their use.

Moreover, 1t 1s known that by extending the Ry o0or Ry
substituents, and by combining various long substituents in such

compositions, the surface and interfacial properties at phase
boundaries to other medla or surfaces treated with such
compositions may be influenced. ' Associated therewith 1s the
formation of hydrophilic or hydrophobic properties, which are

reflected 1in dissolving properties or dissolving intermediary

properties and in surface-active properties.

The wvariations of the R; or R, substituents known from the
prior art, however, do not generally produce any alkanes with

optimum bilocompatible properties, since the aggregated systems

1



10

15

20

25

30

CA 02237048 2006-11-29

produced by the interaction with other substances are often
unstable. In this way, undesirable separations and short life
spans of the mixtures and emulsions result. '

In this context, biocompatibility refers both to the chemical

inertness of a substance and its tissue tolerance.

The aforementioned problems of the known substances also occur
in applications 1in which the biocompatibility is not of
significance. Undesirable separation processes and short life
spans of the substances are disadvantageous in every application,

in particular, when using these substances as medical or technical
solvents.

Thus, 1t 1s the object 0of this invention to further improve
such a partially fluorinated alkane in such a way that the
developing aggregated systems are more stable.

This invention in its broadest embodiment comprises partially
fluorinated alkanes according to the general formula I:

Re[CF, = CH)lRyeoeeool |
wherein Ry is a substituent of the general formula CH, selected
from the group consisting of n-alkyl, sec=-alkyl, tert-alkyl and
cycloalkyl; Rg is a ) substituent of the general formula C,F,
selected from the group consisting of n-perfiuoralkyl, s-

perflouroalkyl, t-perfluoroalkyl andperfluorocycloalkyl; n > 3; and
the sum of n + m < 18; with the provisos that:

(1) 1if Ry is n-alkyl, Ry i1s other than n-perflﬁoroalkyl, and
(11) 1f Ry is n-perfluoroalkyl, Ry is other than n-alkyl.

Preferably, n > 7 and m is between 5 and 8. More preferably,
m>5 and n is between m - 1 and m + 2. |

2
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Preferably, the ratio of the steric volume of Ry to Ry 1s
less than 0.7. Alternatively, the ratio of the steric volume of

R to Ry is greater than 1.3.

In accordance with a first aspect of the present invention,
there 1is provided a biocompatible solvent for perfluorocarbons

and hydrocarbons comprising a partially fluorinated alkane

according to the general formula I:

Re[CF, ~ CHJRyeowwo.I

wherein:
Ry is a substituent of the general formula C/H, selected from
the group consisting of n-alkyl, sec-alkyl, tert-alkyl and
cycloalkyl; |
Ry is a substituent of the general formula C,F;, selected from
the group consisting of n-perfluoralkyl, sec-perflouroalkyl,
tert-perfluoroalkyl and perfluorocycloalkyl; n 2 3; and
the sum of n + m < 18;

with the provisos that:
(1) 1f °R,, is n-alkyl, Ry is other than n-perfluoroalkyl, and
(11) 1f Ry is n-perfluorocalkyl, Ry is other than n-alkyl.

In accordance with a second aspect of the - present
invention, there is provided an oxygen-transporting medium or a

blood substitute including a partially fluorinated alkane

according to the general formula I:

RF[CFZ - CH2]RH oooooo L
wherein:
Ry 1s a substituent of the general formula C.Hy selected from

the group iconsisting of n-alkyl, sec-alkyl, tert-alkyl and
cycloalkyl;
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Rr is a substituent of the general formula C,F, selected from
the group consisting of n-perfluoralkyl, sec-perflouroalkyl,

tert-perfluoroalkyl and perfluorocycloalkyl; n 2 3; and
the sum of n + m < 18;

5 with the proviéos that:
(i) if Ry is n-alkyl, Ry 1s other than n-perfluorocalkyl, and
(ii) if Ry is n-perfluoroalkyl, Ry is other than n-alkyl.

In accordance with a third aspect of the present invention,
10 there is provided a 1liquid implant including a partially

fluorinated alkane according to the general formula 1I:

RP[CFZ - CHZ]RHQ ¢ o .‘.~.I
wherein:

R, is a substituent of the general formula C,H, selected from
15 the group consisting of n-alkyl, sec-alkyl, tert—-alkyl and

cycloalkyl; |

R, is a substituent of the general formula C,F, selected from

the group consisting of n-perfluoralkyl, sec-perflourocalkyl,

tert-perfluoroalkyland perfluorocycloalkyl; n 2 3; and
20 the sum of n + m < 18;

with the provisos that:

(i) if Ry is n-alkyl, Ry is other than n-perfluoroalkyl, and
(ii) if R, is n-perfluoroalkyl, R, is other than n-alkyl.

25 In accordance with a fourth aspect of the present
invention, there is provided a retina-developing agent or aid in
laser coagulation on the retina or solvent for medications or

post-operative retina tamponage including a partially

fluorinated alkane according to the general formula I:

3a
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| Rp[CF, - CH,]JRye v I

wherein:
Ry, is a substituent of the general formula CH, selected from
the group consisting of n-alkyl, sec-alkyl, tert-alkyl and
cycloalkyl;
Ry is a substituent of the general formula C,F, selected from
the group consisting of n-perfluoralkyl, sec-perflouroalkyl,
tert-perfluoroalkyl and perfluorocycloalkyl; n > 3; and
the sum of n + m < 18;

with the provisos that: |
(1) if Ry is n-alkyl, R; is other than n-perfluoroalkyl, and
(11) if Ry is n-perfluoroalkyl, Ry is othér than n-alkyl.

wherein:

Ry 1s a substituent of the general formula CH, selected:from
the group consisting of n-alkyl, sec-alkyl, tert-alkyl and
cycloalkyl;

Rr 1s a substituent of the general formula ChExy selected from
the group consisting of n-;perfluoralkyl, sec—-perflouroalkyl,

tert-perflugroalkyl and perfluorocycloalkyl; n > 3; and
the sum of n + m < 18;

with the provisos that:

(1) 1f Ry is n-a\lkyl, Ry 1s other thén n-perfluoroalkyl, and
(11) if Rp is n-perfluoroalkyl, Ry 1s other than n-alkyl.
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including burn wounds by applying to the affected areas a

partially fluorinated alkane according to the general formula I:

wherein:
Ry is a substituent of the general formula CH, selected from

the group consisting of n-alkyl, sec-alkyl, tert-alkyl and
cycloalkvl;
Rp 1s a substituent of the general formula C,F, selected from
the group consisting of n-perfluoralkyl, sec~perflouroalkyl,
tert-perfluoroalkyl and per.fluor'ocycloalkyl; n 2 3; and

the sum of n + m < 18;

with the provisos that:

(1) 1f Ry is n-alkyl, R, is other than n-perfluoroalkyl, and
(11) if Ry is n-perfluoroalkyl, R, is other than n-alkyl.

It can thus be seen that in the compounds of this invention
the desired properties are obtained when the alkane substituent Ry
contains at least four carbon atoms, the sum of the carbon atoms in
the hydrogen substituent R, and in the fluorine substituent R, is
less than 18 and also at least one of the two substituents
(hydrogen substituent Ry or perfluoro substituent Ry) is formed like
a branched alkyl.

For example, the fluorine substituent R, can be an n-
perfluoroalkyl group, and the hydrogen substituent R, can be a sec-
alkyl, tert-alkyl or a cycloalkyl group. Alternatively, the
hydrogen substituent Ry can be an n-alkyl group, and the
fluorinated substituent is then branched, i.e. 1is a sec-
perfluoroalkyl, a tert-perfluorocalkyl, or a perfluorocycloalkyl
group. Both substituents R, and Ry can also be branched; however,

according to the invention, it is excluded that both substituents
Ry and Ry are linear.

3c
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The compounds of this invention are synthesized by using
conventional methods.

The described compositions are, in particular, highly purified
prior to medical applications, by using known conventional
processes. The compositions thus produced are then completely non-
toxic since substitute reactions cannot occur either on the spacer

group CF, - CH, or on the perfluorinated portion of the composition

which would lead to toxic effects. The special solvent properties

3d
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of the compositions are based the fact that they not only combine
the properties of pure perfluorocarbons with the properties of pure
hydrocarbons but form, after the dissolving process, aggregated
systems of wvarious structures which are stabilized by the
anisotropic structure of the compositions according to the
invention. This 1s made possible by the selection of the
substituents according to the invention, whereby the different
spatial requirements of the Ry and R; substituents are also
significant. The structural stabilization of the aggregated
systems suppresses the separation of the resultant solutions and
increases the solvent power of the compositions.  Comparable
effects can only be attained in purely linear Rg~Ry compositions by
substantially longer chain lengths, or by differences in chain
lengths which simultaneously results in undesirable properties such
as, for example, higher boiling points or wax-like compositions as
a result of which it can generally no longer be used as a
biocompatible solvent and liquid implant, and the other

applications are also only possible to a limited degree.

The alkane according to the invention can be advantageously

used especially in the following cases of application.

Due to the dissolving power for hydrocarbons, in particular,
mineral oils, tar and silicone oils, the partially perfluorinated
alkanes according to the invention enable the purification of
tissues contaminated with such substances. The contaminations form
stable solutions with the alkanes of the invention, so that they
can be washed out. In this way, silicone oils which escaped from
defective implant cushions or wused as liquid implants in
ophthalmology, are carefully removed. The partially fluorinated
alkanes according to the 1invention are especially suitable for

attending to injuries into which oils, tar or fats based on mineral

4
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olil have penetrated. In particular, the removal of combustion
residues from burn injuries is also possible. As a result of the
ability of the partially perfluorinated alkanes of the invention to
transport oxygen, the decontamination of tissues is additionally

promoted by supplying them with oxygen.

An essential difference between partially fluorinated alkanes
of the invention and conventional solvents is due to the fact that
conventional solvents persistently damage tissue to be treated, but

the partially fluorinated alkanes of the invention do not.

Furthermore, the partially fluorinated alkanes of the

invention can be used to assist in the regeneration of tissue in
smoker's lungs in that deposits within the lung are washed out by
rinsing the lung. Due to the high dissolving power of the
partially fluorinated alkanes according to the invention for oxygen

and carbon dioxide, the oxygen supply can be maintained and the

removal of carbon dioxide 1s not interrupted.

In their function as solvents, the partially fluorinated
alkanes of the invention have the advantage that the size and

spatial structure of the Ry and Ry substituents may be selected so
as to Dbe able to extract contaminants with minimum tissue

penetration.

The biocompatible properties and the low surface tension as
well as the special interfaclial properties of the partially
fluorinated alkanes make 1t possible to use these compositions as
ligquid implants. An example thereof is the use in ophthalmology,
e.g. as a vitreous body substitute, as retina developing agents, as
an alid in the laser coagulation of the retina or as post-operative

retina tamponage.
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If undesirable substances, e.g. silicone 0il, tar or fats are
to be washed out in the field of ophthalmology or for the care of
wounds, very active solvents must often be used which can, however,
persistently damage the tissue. The partially fluorinated alkanes
according to the invention can be advantageously used in a two-step
process. In a first step, the silicone o0il, the tar or the fat can
be rinsed out with an effective but perhaps tissue-damaging
solvent. In a second subsequent step, this solvent 1s washed out
with one of the partially fluorinated alkanes of the invention.

The process described can also be carried out in several
steps, whereby individual effects of these solvents can be used in
a time-limited manner by means of a step-by-step exchange of
solvents, and can thus be optimally adapted to the therapeutic

requlirements. In these processes, some or all of the solvents

- applied can be partially fluorinated compounds according to the

invention.

Similarly, the partially fluorinated alkanes of the invention
can be used as a liquid scalpel with aid of a highly effective
solvent. For this purpose, a solvent is first introduced which
intentionally attacks tissue components and which is subsedquently
"deactivated" by adding one of the alkanes of the invention. Thils
corresponds to a chemical alternative to the actions of enzymes
known in the bioclogical field which are already used for such

specific breakdown reactions.

Due to the amphiphilic character of the compositions, further
fields of applications are made accessible. The partially
fluorinated alkanes according to the invention can form micro-

emulsions with pharmacological substances 1in which the active

substances are included by the partially fluorinated alkanes. 1In

6
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this way, so-called "slow drug release" systems can be built up,

l.e. substances which include one or more specific pharmacological

products and only release these slowly.

A further use of the amphiphilic character of the partially
fluorinated alkanes according to the invention is the stabilization

of oxygen-transporting media which are built up from emulsions of

perfluorinated compositions. Oxygen-transporting media are of

importance especlially as blood substitutes or in liquid artificial

respiration.

The alkanes of the invention can, in addition, also be used in
technology due to theilr special dissolving properties, namely as
cleansers and/or solvents. This is especlially advantageous when a
direct contact of the person with the solvent cannot be avoided or
residues of solvents remain on or in the technical or
medlicotechnical products treated with these solvents and cannot be
completely removed and thus reach the human body. This includes
the cleaning of implants and prostheses as well as the application
of thin silicone oil films on tubules and other medico-technical

devices to improve their ability to slide.

Furthermore, +the partially fluorinated alkanes of the
invention can themselves be used as lubricants wherein, for

example, plastic surfaces are rubbed with these compositions. The
partially fluorinated alkanes thereby align themselves in such a
way that the Ry substituent i1s directed to the plastic surface and
the R group containing fluorinated groups is directed outward which

modify the surface properties in a known manner.

When used as solvent for hydrocarbons and silicone oils, the

partially fluorinated alkanes of formula I have proven to be

7
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especially advantageous, in which n > 7 and m has a value of
between 5 and 8. When used as a liquid implant, and as an implant
with tamponing action, the partially fluorinated alkanes of formula
I are especially advantageous when m > 5 and n has a value of

5 between m - 1 and m + 2.

In the use as amphiphile, the partially fluorinated alkanes of
formula I are especially advantageous when the ratio of the steric
volume of the substituents R; to Ry is less than 0.7 or greater than

10 1.3.

As noted above, the synthesis of the alkanes according to the
invention follows conventional procedures for the synthesis of
compounds of this general type. For example, the partlally

15 fluorinated alkane of formula TII
CF;CF,CF,CF,~CF,CH,-CH(CH3) 54 o« . I1
which has a boiling point of 143°C, can be produced by dehydration
of isopropancl, followed by the addition of perfluoro-1i-
iodopentane, and reaction with a 2Zn/HCl nixture. The required
20 partially fluorinated alkane is separated by distillation, followed

by conventional purification.

Examples:

25 Example 1.

Preparatilion of l-perfluorobutyl-2-methyl-propane,
CF3 (CFz) 3CH2CH (CH3) 2.

Perfluoro-1l-iodobutane is purged for 30 min. with nitrogen together
30 with AIBN (azo-bis-isobutyronitrile) as radical starter in an
autoclave while cooling. Isobutene i1s subsequently condensed 1nto

the autoclave in the molar ratio. The autoclave is then sealed and



10

15

20

25

30

CA 02237048 2007-08-15

heated to 90°C while being stirred and stirred further for about 6
h at this temperature. After the separation by distillation of an
unreacted starting substance (vigreux column, reduced pressure), it
15 dehalogenated in a hydrogenating manner with 2Zn/HC1l and the
product fractionated in the vacuum via a vigreux column. Boiling
point.: 70°/60 Torr. The product is then highly purified according

to a known process.

Example 2.
Preparation of l-perfluorohexyl-2-methyl-propane,
(CF5 (CF,) {CH,CH (CH,) ».

Perfluoro-l—-iodohexane is purged for 30 min with nitrogen together
with AIBN as radical starter in autoclave while cooling and
isobutene is subsequently condensed into the autoclave in the molar
ratio. After sealihg’, the autoclave is heated to 90°C while being
stirred and stirred further for about 6 h at this temperature.
After the separation by distillation of an unreacted starting
substance (vigreux column, reduced pressure), the product is
dehalogenated in a hydrogenating manner with Zn/HCl and the product

fractionated in the vacuum via a vigreux column. Boiling point.:

- 80°/60 Torr. The product is then highly purified according to a

known process.

Example 3.

Preparation of l-perfluorobutyl-3-methyl-butane,
CF,(CF,);(CH,),CH(CH,),.

Isoamyl alcohol is transformed into the corresponding pentene with
85 % phosphoric acild, purified by distillation and placed in an
autoclave in a molar ratio with perfluoro-~l-iodobutane. After

adding AIBN, it is purged for 30 min with N, while cooling and the

9
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procedure set out in Example 1 followed. Boiling point.: 65°/60
Torr.

Example 4. |

Preparation of l-perfluorohexyl-3-methyl-butane,

CF; (CF,) sCH,CH (CH,) CH,CH,.

Isoamyl alcohol (isomers) is transformed into the corresponding
pentene with ¢oncentrated sulphuric acid, purified by distillation
and placed in an autoclave in a molar ratio with perfluoro-1-
iodohexane. After adding AIBN, it is purged for 30 min with N,

while cooling and the procedure set out in Example 1 followed.
Boiling point.: 85°/60 Torr.

10
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WE CLAIM:

1. A partially fluorinated alkane according to the general
formula I: |

Re[CF, = CH,JRyeeoo..l
wherein:

Ry 1s a substituent of the general formula C,H, selected from
the group consisting of n-alkyl, sec-alkyl, tert-alkyl and
cycloalkyl;

Ry 1s a substituent of the general formula C,F, selected from
the group consisting of n-perfluoralkyl, sec—-perflouroalkyl,
tert-perfluoroalkyl and perfluorocycloalkyl; n > 3; and
the sum of n + m < 18;

with the provisos that:

(1) 1f Ry is n-alkyl, R is other than n-perfluoroalkyl, and

(ii) if R, is n-perfluoroalkyl, Ry is other than n-alkyl.

e s

2. A partially fluorinated alkane according to claim 1, wherein

n > 7 and m is between 5 and 8.

3. A partially fluorinated alkane according to claim 1, wherein
m > 5 and n is between m - 1 and m + 2.

4. A partially fluorinated alkane according to claim 1, wherein
the ratio of the steric volume of R; to Ry is less than 0.7.

5. A partially fluorinated alkane according to claim 1, wherein
the ratio of the steric volume of Ry to R; is greater than 1.3,

11
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6. A biocompatible solvent for perfluorocarbons and hydrocarbons
- comprising a partially fluorinated alkane according to the general
formula I:

Rp[CF, = CHolRyeoov o I
wherein:
Ry is a substituent of the general formula CH, selected from
the group consisting of n-alkyl, sec-alkyl, tert-alkyl and
cycloalkyl; '
Ry 1s a substituent of the general formula C/F, selected from
the group consisting of n-perfluoralkyl, sec—-perflouroalkyl,

tert-perfluoroalkyl and perfluorocycloalkyl; n 2 3; and
the sum of n + m < 18;

with the provisos that:

(1) 1f Ry 1s n-alkyl, Ry is other than n-perfluoroalkyl, and
(11) if Ry is n-perfluorocalkyl, R, is other than n-alkyl.

7. An oxygen-transporting medium or a blood substitute including
a partially fluorinated alkane according to the general formula I:

Re[CF, = CHolRjeooooo T
wherein:
R, is a substituent of the general formula CH, selected from
the group .consisting of n-alkyl, sec-alkyl, tert-alkyl and '
cycloalkyl;
Ry is a substituent of the general formula C,F, selected from
the group consisting of n-perfluoralkyl, sec-perflouroalkyl,

tert-—perfluoroalkyl and perfluorocycloalkyl; n 2 3; and
the sum of n + m < 18;

with the provisos that:
(i) if Ry is n-alkyl, Ry is other than n-perfluoroalkyl, and
(ii) if Ry is n-perfluoroalkyl, Ry is other than n-alkyl.

12
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8. A liquid implant including a partially fluorinated alkane
according td the general formula I:
Re[CF, — CH]Rje e v e I
wherein:
Ry is a substituent of the general formula C,H, selected from
the group consisting of n-alkyl, sec-alkyl, tert-alkyl and
cycloalkyl;
R, is a substituent of the general formula C,F, selected from
the group consisting of n-perfluoralkyl, sec-perflouroalkyl,
tert-perfluoroalkyl and perfluorocycloalkyl; n 2 3; and
the sum of n + m < 18;
with the provisos that:
(i) if Ry is n-alkyl, Ry is other than n-perfluoroalkyl, and
(ii) if Ry is n-perfluoroalkyl, Ry is other than n-alkyl.

9. A retina-developing agent or aid 1in laser coagulation on
the retina or solvent for medications or post-operatilive retina

tamponage includi-ng a partially fluorinated alkane according toO

the general formula I:

Re[CF, - CH,]JRje e I
wherein:

"R, is a substituent of the general formula CH, selected from
the group consisting of n-alkyl, sec-alkyl, tert-alkyl and
cycloalkyl; |
R, is a substituent of the general formula C,F, selected from
the group consisting of n-perfluoralkyl, sec—perflouroalkyl,
tert-perfluoroalkyl and perfluorocycloalkyl; n > 3; and
the sum of n + m < 18;

with the provisos that:
(i) if Ry is n-alkyl, Ry is other than n-perfluoroalkyl, and
(ii) if Ry is n-perfluoroalkyl, Ry is other than n-alkyl.

13
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10. A composition for substituting a vitreous body in an eye

comprising a partially fluorinated alkane according to the
general formula I:
Rp[CF, = CH)JRje e ool
wherein:

R, 1s a substituent of the general formula C,H, selected: from
the group consisting of n-alkyl, sec-alkyl, tert-alkyl ang
cycloalkvl;
Ry 1s a substituent of the general formula CF, selected from
the group consisting of n?perfluoralkyl, sec-perflouroalkyl,

tert-perfluoroalkyl agnd perfluorocycloalkyl; n 2> 3; and
the sum of n + m < 18;

with the provisos that:

(1) if Ry is n—aikyl, Ry 18 other thén n-perfluoroalkyl, and
(1i) if Rp 1s n-perfluoroalkyl, Ry is other than n-alkyl.

- 11. A composition for treating and cleaning wounds including

burn wounds by applying to the affected areas a partially

fluorinated alkane according to the general formula I:

RF[CFZ - CH2]RH. coeveal
wherein: .

Ry 1s a substituent of the general formula CH, selected from

the group consisting of n-alkyl, sec-alkyl, tert-alkyl and
cycloalkyl;

Rr 1s a substituent of the general formula CuFxy sSelected from

the group consisting of n-perfluoralkyl, sec-perflouroalkyl,

tert-perfluoroalkyl and perfluor'ocycloalkyl; n > 3; and
the sum of n + m < 18;

- with the provisos that:

(1) if Ry is n-alkyl, R; is other than n-perfluoroalkyl, and
(ii) 1f Ry is n-perfluoroalkyl, Ry is other than n-alkyl.
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