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(54) Title: UTILIZATION OF A HIGHLY FLUORINATED OLIGOMERIC ALKAN IN OPHTHALMOLOGY

(54) Bezeichnung: VERWENDUNG EINES HOCHFLUORIERTEN OLIGOMEREN ALKANS IN DER OPHTHALMOLOGIE

(57) Abstract: The invention relates to the utilization of a highly fluorinated oligomeric alkan as therapeutic agent in ophthalmology,
said alkan having general formula [-Rg(CH,),CR;-CR,-],, wherein R is a linear or branched perfluorinated alky! chain C,Fs to
_— Ci2F»3, Ry and R, are independently selected from the group consisting of H, CH;, C,H; und C;H-, n is selected from the numbers O,
¢\ 1 and 2 and x is a number between 2 and 6, with a molar mass of at least 750. According to the invention, a pharmacological agent
T’ is provided that is used in ophthalmology and that causes little or no damage to the retina even when used over a long period.

(57) Zusammenfassung: Die Erfindung betrifft die Verwendung eines hochfluorierten oligomeren Alkans der allgemeinen Formel
= [-Rr(CH2),CR-CR»-];, wobei Rr eine lineare oder verzweigte perfluorierte Alkylkette C,Fs bis C,F,3 ist, R; und R, - unabhiingig
voneinander - ausgewdhlt sind aus der Gruppe H, CHs, C,Hs und C;H;, n ausgewihlt ist aus den Zahlen 0, 1 und 2 und x eine Zahl
zwischen 2 und 6 1st, mit einer Molmasse von mindestens 750 als Behandlungsmittel in der Ophthalmologie. Durch die erfindungs-
gemibe Verwendung wird die Aufgabe geldst, ein pharmakologisches Mittel zur Anwendung in der Ophthalmologie bereitzustellen,
welches auch bei Anwendung iiber einen lingeren Zeitraum keine oder nur geringfiigige Schidigungen der Retina verursacht.
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UTILIZATION OF A HIGHLY FLUORINATED OLIGOMERIC ALKANE IN
OPHTHALMOLOGY

The 1invention concerns the use of at least one highly fluorinated oligomeric alkane of

the general formula

R R
|
(CHa), .

where

RF 1s a linear or branched perfluorinated alkyl chain C,Fs to Ci2F>s,

R for each position is independently selected from the group H, CH,, C;H;s and C;H5,
n 1s selected from the numbers 0, 1 and 2, and

X 1s a number between 2 and 6,

where a compound of the formula

R R
I i
(CH),

wherein Rg, R, and n are as defined above, and with a molecular weight of at least 750 was
reacted with a radical initiator to a degree of oligomerization of 2 to 6 to produce the highly

fluorinated oligomeric alkane, for treating an eye.

US-A-4,490,351 describes the utilization of liquid perfluorocarbons for treatment and
diagnosis in ophthalmology. While such substances are used for temporary treatment of
retinal detachments and as vitreous body tamponade, their long-term use, for example as
vitreous body substitute, is connected with various kinds of injury to the eye. There are
known side effects, for example, from perfluoropolyethers and perfluorocarbons, which are

due to mechanical injuries at the retina and visual nerve, where the high density (about 1.9

g/cm’) of these compounds is blamed for this.
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On the other hand, partially fluorinated liquids that only have a density between 1.1
and 1.3 g/cm’ and which can be used as auxiliary agents in ophthalmology for retinal
unfolding, for vitreous body tamponade and as a vitreous body substitute have been proposed
in the publications EP 0 563 446 A1, DE 195 36 504 A1 and DE 197 19 280 A1l. These
substances, t00, in spite of their clearly lower densities, lead to histological changes in the
region of the retina and even to the side effects that are otherwise known for perfluorinated
carbons.

Finally, DE 44 05 627 A1 and EP 05 45 174 A1 describe fluorocarbon-containing
oligomers of the general formula (Rr)x-Ry where Rr means a highly fluorinated alkyl residue,
which 1s bonded directly or via a bonding link to the Ry group, which stands for an alkane
residue or hydrogen and x means a number from 1 to 4, and which are prepared from
compounds of the general formula Y-(CF,)a-O,-(CH,).-CH=CH,, where Y stands for a
hydrogen or fluorine atom, a 1s a number from 2 to 16, and b and ¢ are independently a
number between 0 and 1, and d 1s a number between 0 and 6, with an average degree of
oligomerization from 2 to 4. In said publications the described substances are described as
being used as greases or lubricants and as ski base materials and also as oxygen carriers.

There 1s the task of providing a pharmacological agent for use in ophthalmology that
causes little or no damage to the retina even when used over a long period. This task is solved

through the use of at least one highly fluorinated oligomeric alkane of the general formula

R R
| R:
(CHy).

where

Rr 1s a linear or branched perfluorinated alkyl chain C;Fs to C)5F>s,

R for each position is independently selected from the group H, CH,, C;Hs and C;H-,
n 1s selected from the integers 0, 1 and 2, and

X 18 an integer between 2 and 6,

where a compound of the formula

LRl il ] U M-8 e Iy P e " g e v L VEPN =T ~ - K A > X —sz Lo X 3 o Py .~ A v el P [ . = SN mewe I, .. . Sap g o = S T S e e s e . S C— - . o _ . . . - e . L. e . - .
B reekghe. ™% e ggass e e B R e R R TEoTSar T e R W o AT e Ny T s E e e e (g e e T S R S e b AT, e DAL 3 O e NS S R e ST AN R g e S A e Mo ¢ -



SR IR T 5 T TR S AN R S NN G M/ i 5 S g M, Ve TR o

CA 02377290 2009-06-15

3

R R

S,

| R
(CH),

wherein Ry, R, and n are as defined above, and with a molecular weight of at least 750 was
reacted with a radical initiator to a degree of oligomerization of 2 to 6 to produce the highly

fluorinated oligomeric alkane, for treating an eye.

The 1dea underlying the invention and forming a part of the invention lies in the fact
that the injurious effect of fluorocarbons when used in the eye for long periods of time is
essentially caused by their ability to penetrate tissue and by the interaction of their viscosities
and high densities. This is true not only when these substances are used as vitreous body
substitutes in ophthalmology, but also when they are used as liquid implants, as tear
substitutes and as treatment agents for the eye directly or as active agent carriers.

This 1dea led to the search for substances with higher viscosity with sufficiently high
density and sufficient dissolving power and at the same time only minimum tissue
penetration.

The tissue penetration capacity can be described qualitatively by the critical solubility
temperature in hexane (abbreviation: CST). This qualitative measure of lipophilicity is at the
same time a measure of the capacity for tissue penetration. While the low molecular Rg-Ry
compounds known from the prior art mentioned above in utilization for ophthalmology as a

rule have CST values under —20°C, the high molecular oligomeric compounds in accordance

with the invention are, in contrast, not completely miscible with hexane until temperatures
over +35°C are reached and thus provide evidence for their insolubility or poor solubility in
lipids, thus their low tissue penetration capacity. Surprisingly, in spite of this, they have a
dissolving capacity for certain nonpolar substances that is higher than their monomeric
analogs.

The substances 1n accordance with the invention, because of their particular molecular
form, and 1n spite of their similar chemical composition to the known Rg-Ry compounds, are
not tissue-penetrating and thus suitable for long-term use in the eye, since it was recognized

that the tissue-damaging properties of the known substances are due to their high penetration.
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It is advantageous for ophthalmological applications that the treatment agent used in

accordance with the invention, because of the combination of reduced density and elevated
viscosity, does not have a mechanically injurious effect in the eye and therefore can be used
as a long-term vitreous body substitute. Compared to the silicone oil that is used at the present
time, the utilization of the oligomers 1n accordance with the invention has the advantage that
they can be used for coordinated oxygen therapy for the ischemic retina for a simultaneous
excellent tamponade effect and can also be used in the lower segment of the eye because of
the particular surface properties and their higher density than silicone oil and water.

For the same reason the utilization of the described oligomers in accordance with the
invention enables various other ophthalmological applications that up to now were
exclusively reserved to silicone oils. This in particular concerns the utilization as volume
replacements, for example, in the form of implants. Moreover, completely new
ophthalmological applications were also possible. With the utilization of the oligomers in
accordance with the invention in one particularly viscous embodiment cloudy natural lenses
can be replaced. Here the natural lens is extracted while maintaining the surrounding capsule,
which 1s followed by an injection of the highly viscous oligomer into this capsule. The fluid
lens materials allow retention of accommodation. Advantageously oligomers with a high
degree of branching can be used for this, or the already substantially high viscosity of the
oligomers can be increased even further by producing gels through the addition of certain
mixtures of water and surface-active substances in accordance with known methods.

In addition, uptake of water-soluble substances into the liquid implants is enabled in
this way, which considerably broadens their therapeutic applicability. Thus, with these gels
applications have become possible in which it is necessary to have extremely high viscosity
(fluid lenses) and mechanical stress on adjacent tissues that is as low as possible, with
simultaneous absorption capacity for ions (vitreous body substitute). A really important
advantage compared to the conventional fluorocarbons is that even if the gels are degraded,

the remaining media can partially maintain the implant effects, since they themselves already

have sufficient viscosity.

Utilization as active agent carrier is based on the possibility of dissolving

pharmacological agents in the oligomers, where in particular the unusual combination of
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dissolving capacity on the one hand and reduced tissue penetration on the other is important.
For this reason utilization as active agent carriers both in the form of volume replacements
and without these application functions is of particular interest.

The advantageous physical properties like oxygen solubility as well as film-forming,
but not tissue penetrating action allow other applications for the highly fluorinated oligomers,
for example, as tear substitutes.

An important advantage of the described substances in view of the utilization in
accordance with the invention is that they combine the known properties of fluorocarbons and
silicone o1l together, especially the high viscosity of silicone oil and the high density and
oxygen dissolving power of fluorocarbons, namely without the toxicities that are known for
other substances, for example, fluorosiloxanes or the complicated proportions that are present
in mixtures of silicone oil and partially fluorinated alkanees and that limit or exclude their use
as treatment agents 1n ophthalmology.

In addition, the oligomers, when used for ophthalmological purposes, offer the
advantage that, in contrast to the silicone oils, they can be removed by simple washing since
advantageous biocompatible solvents are available for the perfluorocarbons that had been
mentioned for short-term use in ophthalmological practice, for example, perfluorodecalin or
pertluorooctane, but also partially fluorinated alkanes such as CgF3C;Hs or C4FoCsHy. On the
other hand, 1f necessary an exchange for silicone oil or vice versa can take place without the
compounds mixing together.

The described oligomeric compounds have a viscous to highly viscous or even
paste-like consistency and a density between 1.2 and 1.7 g/cm’. They are optically transparent
with a refractive index between 1.30 and 1.45. The compounds are essentially nonpolar.
However, as a peculiarity compared with the two molecular components alkane and
pertluoroalkane, in 1solated state there is a weak characteristic molecular polarity due to the
CF>-CH; group that 1s typical of the compounds. Physical properties like molecular weight,
density, refractive index, viscosity, optical transparency and dissolving capacity can be varied
according to purpose of application. This takes place through the choice of the Rr and Ry
groups, their degree of branching and the degree of oligomerization. The physicochemical

properties, however, can also be adjusted through the addition of perfluorinated or partially
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fluorinated alkanes. The highly fluorinated oligomers are chemically and thermally

extraordinarily stable and are not enzymatically degradable. They are toxicologically and

dermatologically safe.

The preparation and purification of the described substances takes place in a
substantially known way. For example, they are obtained as described in DE 41 39 765 or
through the reaction of a branched, perfluorinated olefin with potassium or cesium fluorine in
an aprotic solvent with an alkenyl halide and oligomernization with a radical initiator in a
nonpolar solvent. The purification takes place, for example, by extractive and column

chromatographic processes.

In another aspect, the present invention provides use of at least one highly fluorinated

oligomeric alkane of the general formula

R R
v, F
e

Rr 1s a linear or branched perfluorinated alkyl chain C;Fs to Ci,F>s,

where

R for each position is independently selected from the group H, CH,, C;H;5 and C;H>,
n is selected from the integers 0, 1 and 2, and

X 1S an integer between 2 and 6,

where a compound of the formula

wherelin

Rf, R, and n are as defined above, and with a molecular weight of at least 750 was
reacted with a radical initiator to a degree of oligomerization of 2 to 6 to produce the highly

fluorinated oligomeric alkane, for treating an eye.
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In another aspect, the present invention provides use of at least one highly fluorinated

oligomeric compound for treating an eye, wherein said at least one highly fluorinated

oligomeric compound has the general formula

R R
| R
(CHR),

whereln

Rr 1s a linear or branched perfluorinated alkyl chain C;F3 to Ci;F3s,

R for each position is independently selected from the group H, CHs, C;Hs and 3H7,

n 1s selected from the integers 0, 1 and 2, and

X 1s an integer from 2 to 6,

having a molecular weight of at least 750
wherein

the compound is used in an application selected from the group consisting of:

a) a vitreous body substitute,

b) a liquid implant,

C) a tear substitute

d) a carrier of a pharmacological agent mixed with the highly fluorinated
oligomeric compound, and

e) a retina tamponade.

In another aspect, the present invention provides use of at least one highly fluorinated
oligomeric compound as a vitreous body substitute and/or for retinal tamponade, wherein said

at least one highly fluorinated oligomeric compound has the general formula

wherein

satet
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Rr is a linear or branched perfluorinated alkyl chain C,F5 to Ci3F3s,

R for each position is independently selected from the group H, CH3, C;Hs and C;H>,
n is selected from the integers 0, 1 and 2, and

X 18 an integer between 2 and 6,

said at least one highly fluorinated oligomeric compound having a molecular weight of

at least 750.

In another aspect, the present invention provides use of at least one highly fluorinated

oligomernc compound as a liquid implant, wherein said at least one highly fluorinated

oligomeric compound has the general formula

R R
| R
(CH,

wherein

Rr 1s a linear or branched perfluorinated alkyl chain C,F5 to C,5Fs,

R for each position 1s independently selected from the group H, CH;, C,H;s and C;H-,
n 1s selected from the integers 0, 1 and 2, and

X 18 an integer between 2 and 6,

said at least one highly fluorinated oligomeric compound having a molecular weight of

at least 750.

In another aspect, the present invention provides use of at least one highly fluorinated

oligomeric compound as a tear substitute, wherein said at least one highly fluorinated

oligomeric compound has the general formula

—
(CHp),
b

wherein

- I I AR AN LR ARG T K ™ ALY e,

Rr 1s a linear or branched perfluorinated alkyl chain C,F5 to C;,F5s,
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R for each position is independently selected from the group H, CH3, C;Hs and C3Hj,

n is selected from the integers 0, 1 and 2, and
X 1s an integer between 2 and 0,

said at least one highly fluorinated oligomeric compound having a molecular weight of

at least 750.

In another aspect, the present invention provides use of at least one highly fluorinated
oligomeric compound as a carrier of a pharmacological agent mixed with the highly

fluorinated oligomeric alkane, wherein said at lest one highly fluorinated oligomeric

compound has the general formula

R R
| R
(CH),

wherein

RF is a linear or branched perfluorinated alkyl chain CyFs to Cy,F»s,
R for each position is independently selected from the group H, CH3, C;Hs and C3H5,
n is selected from the integers 0, 1 and 2, and

X 1S an integer between 2 and 6,

said at least one highly fluorinated oligomeric compound having a molecular weight of

at least 750.

Some embodiment examples of a highly fluorinated oligomer are described in more

detail below.

Example 1
The highly fluorinated oligomer (C¢F;3CHCH,); 1s dissolved in fluorocarbons and

purified via an Al,O3 chromatographic column. After removal of the solvent the last traces of
volatile contaminants are removed in a vacuum. The highly fluorinated trimer according to
nuclear spin resonance, infrared and mass spectroscopic tests, a uniform and highly pure

substance with a molecular weight of 1055. Charging with an active agent takes place under
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mild conditions via a solvent that is not miscible with the trimer after distribution to saturation
concentration. [3-Carotene as active agent changes the color of the oligomer slightly. It is

sterilized at 121°C in an autoclave, without the physical or chemical properties of the

substances being changed. The nuclear magnetic data of this substance are as follows:

'H-NMR:CH3:0,95ppm;-CH-CF,-:2,02ppm;CH;-:1,64ppm
"F-NMR:CF3-:82,8ppm;-CH-CF;:-1 16,2ppm;4CF>:
-123,2ppm,-124,3ppm,-124,8ppm,-127,7ppm
'>C-NMR:CH3-/CH,-:25-35ppm
CF;-/CF3-:105-120ppm.

The purity of the substance is essentially characterized by the following physical
properties:

Density: 1.661 g/cm’;

Refractive index n g: 1.3351;

Surface tension: 19.5 mN/m;

Critical solubility temperature in n-hexane, CST: 35°C;

Viscosity: 220 mPa-sec.

This oligomer 1s suitable for all of the uses described above and has the advantages

mentioned above, especially in the area of long-term use.

Example 2

72 g tridecafluoro-4,4-dimethyl-1-heptene is dissolved in 100 mL n-hexane and
oligomerized with 1.7 g di-tert-butyl peroxide at 190°C in an autoclave, resulting in a reaction
mixture of a dimeric and trimeric compound. The mixture is separated by distillation,
producing the trimer as a viscous colorless oil of the composition
|CF3;CF,CF,C(CF;3),CH;CHCH;]3 with an average molecular weight of 1085 daltons.

According to "°F and '"H NMR as well as infrared spectroscopic tests the compound

corresponds to the general formula of the invention and in addition these tests confirm a high
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degree of purity. According to the relevant in vitro tests the highly fluorinated oil is suitable

for the claimed uses.
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CLAIMS:
1. Use of at least one highly fluorinated oligomeric compound as a vitreous body

substitute and/or for retinal tamponade, wherein said at least one highly fluorinated

oligomeric compound has the general formula

R R
| R
(CH),

wherein
R is a linear or branched perfluorinated alkyl chain C;Fs to Ci,F3s,
R for each position is independently selected from the group H, CH3, C;Hs and C3;H7,
n 1s selected from the integers 0, 1 and 2, and
X 1s an mteger between 2 and 6,

said at least one highly fluorinated oligomeric compound having a molecular weight of

at least 750.

2. Use of at least one highly fluorinated oligomeric compound as a liquid implant,

wherein said at least one highly fluorinated oligomeric compound has the general formula

R R
| R
(CH),

wherein
Rr 1s a linear or branched perfluorinated alkyl chain C,F5 to C3Fs,
R for each position 1s independently selected from the group H, CH;, C;H;s and C;H3,
n 1s selected from the integers 0, 1 and 2, and

X 1S an 1nteger between 2 and 6,

RN WP AR B A A PR SR PTG TR TS £ i e et T i SN S0 I B e e S g T R A3 R AR e o T ety BT i TR e X i, TR e e PN Sy 3 B S ey



LN R e i AT, SR LR e D 0 T A SR e L g e e :,s'y'.g;.r;,-:?.\"',;Mfmm&“w.wie}mlmM}.Vﬁﬁﬁ%;;&?.’%i.‘,.}:&wm5_:;'@'_4if;}?.}.’i‘;{%’ij?)ﬁ‘i’?ﬁ’é?ﬁ}ﬁ’j‘#ﬁm.ﬁfﬁj;.'_,-_-;z...:';:,'-..?;;.':_ T a0 16 e L T N WW1MM*$'}JW et

CA 02377290 2009-06-15

11
said at least one highly fluorinated oligomeric compound having a molecular weight of
at least 750.
3. Use of at least one highly fluorinated oligomeric compound as a tear substitute,

wherein said at least one highly fluorinated oligomeric compound has the general formula

R R
| R
(CHy),

wherein
RF 15 a Iinear or branched perfluorinated alkyl chain C,Fs to C;5F5s,
R for each position is independently selected from the group H, CHs, C;H;s and C;H-,
n is selected from the integers 0, 1 and 2, and
X 18 an integer between 2 and 6,

said at least one highly fluorinated oligomeric compound having a molecular weight of

at least 750.

4, Use of at least one highly fluorinated oligomeric compound as a carrier of a
pharmacological agent mixed with the highly fluorinated oligomeric alkane, wherein said at

lest one highly fluorinated oligomeric compound has the general formula

R R
| R
(CHg,

wherein

Rr 1s a linear or branched perfluorinated alkyl chain C,Fs to C,F>s,
R for each position is independently selected from the group H, CH;, C,Hs and C;H-,
n 1s selected from the integers 0, 1 and 2, and

X 18 an integer between 2 and 6,
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said at least one highly fluorinated oligomeric compound having a molecular weight of
at least 750.

5. The use according to any one of claims 1 to 4, wherein a plurality of different ones of

said highly fluorinated oligomeric compounds are mixed together before use.

W MR wAag e Bt e T T - Lt —— Ep X - - . -
e 2 A A7 e S RN A ST 5 ST M A, SRR, T S IS0 TR 1 5 R, ¢ A e T AT ST S 9 T By oy AT B SRR e g RN S A e 5 4 o E
~ ~

. —— - - LU Y -~ v oA - . e - . - > - o e = ™ - N oA N m- - - - . PN - f— -
i . RO ™ g, T v W em T e Daat e e A et Tuvalbn R i R LR NN e R R DR T S N g T FCYC LW pemmAh SR A e M= L -
q ol b, :

] e 34 LSNP b N LT g S B 6 1



	Page 1 - abstract
	Page 2 - abstract
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - claims
	Page 15 - claims
	Page 16 - claims

