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Summary — The synthesis of a novel microemulsion system composed of a mixed fluorinated and hydrogenated oil
CgF1;—CH,CH=CH-C,H, with a biocompatible hydrogenated surfactant, Montanox 80 is described. Investigation of
the solubility of oxygen in these microemulsions showed that they absorbed more oxygen than Fluosol-DA which is
currently used as an oxygen transporter in biomedical applications. Oxygen absorption was similar to that of blood.
Light scattering studies showed that the system was composed of small sized aggregates which should in principle be
compatible with blood. The toxicity of the microemulsions was tested after intraperitoneal injection in rats, and in mice
after intravenous administration. The microemulsions appeared to be well tolerated. These results show promise for
the development of oxygen transporting compounds.

Résumé — Nouvelle stratégie dans la formulation de substituts du sang: optimisation de nouvelles microémulsions
fluorées. Pour la premiére fois, nous décrivons des sytémes de microémulsions d’une huile mixte fluorée et hydrogénée
CsF,CH,—CH=CH—-C/Hy a l'aide d’un tensioactif hydrogéné biocompatible: le Montanox 80. Les études de solubilité
de l'oxygéne dans ces microémulsions montrent qu’elles absorbent davantage I'oxygéne que I'émulsion Fluosol DA,
actuellement utilisée dans le domaine biomédical des transporteurs d’oxygene. Cette absorption s’effectue dans des propor-
tions analogues a celles du sang. Du point de vue de la toxicité de ces systémes, des mesures de la diffusion de la lumiére
mettent en évidence des agrégats de petite taille compatibles théoriquement avec le systéme sanguin. La toxicité des-microé-
mulsions a été testée en i.p. chez le rat et en i.v. chez la souris. Les microémulsions semblent bien tolérées. Le travail décrit
ici constitue donc une ouverture d’une nouvelle voie de recherche dans le domaine des transporteurs d’oxygéne.

fluorinated microemulsions / oxygen transporting compounds

Introduction angioplasty and in the radio- or chemotherapy of cancer

where oxygen has been shown to have a synergistic action.

All body organs and tissues require a constant supply of
oxygen. At present, blood transfusion is the only effective
way of restoring oxygen in situations where the supply is
seriously impaired, although it is not indicated in all cases.
The development of an artificial transporter of respiratory
gases would be of great value especially if it was devoid of
immunological and infectious risks, chemically stable,
and readily utilizable, especially outside a hospital envi-
ronment.

Fluorocarbons are the best gas solvents known, and
they are also chemically and biologically stable. Aqueous
emulsions of these compounds have thus been considered
as potential blood substitutes for the transport of
O,/ CO,. Non-transfusional indications include the treat-
ment of cardiac or cerebral ischemia, for cardioplegia,

Such blood substitutes would also be of value for perfusion
of isolated organs and in cell culture, etc [1—7].

A commonly used preparation is represented by Fluo-
sol-DA, an emulsion of F-decaline and Pluronic F68, a
copolymer of repeating ethylene propylene oxide units
with an average m.w. of 8350. However, it is rather un-
stable, and must be kept refrigerated [9—11].

The use of oil in water microemulsions using perfluori-
nated oils would overcome this obstacle. These micro-
emulsions have the double advantage of forming sponta-
neously and remaining stable for periods of up to several
years [12—14]. However, production of a microemulsion
with a perfluorinated oil requires the use of a fluorinated
surfactant due to segregation between the fluorinated and
hydrogenated chains [15, 16]. Unfortunately some of
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these surfactants are eliminated slowly from the organism,
and they are degraded to toxic fluoride ions [17].

In this study, a different approach was adopted by using
hydrogenated surfactants which are known to be biocom-
patible. The mixed oils must be sufficiently fluorinated to
dissolve gases and be eliminated rapidly from the orga-
nism, but sufficiently hydrogenated to enable microemul-
sification with hydrogenated surfactants.

Synthesis of mixed hydrogenated and fluorinated oils

The mixed oils were of the type Rge—CH,—~CH=CH—-Ry.
Using the following synthetic scheme the balance between
the fluorinated and hydrogenated parts of the molecule
could be altered:

Stage 1: ReCH,CH,I + (CeHs)sP --->
(C¢Hs);P* —CH,CH,Rg, I~

Stage 2: RH_CHO + (C6H5)3P+CH2CH2RF, I----»
RF_CHZ_CH=CH_RH + (C6H5)3PO

First stage: synthesis of the fluorinated phosphonium salt
This was carried out by reacting triphenylphosphine with
the fluoroalkyl iodide at 95°C in the absence of solvent.

.(C6H5)3P + CmF2m+1_CzH4I -
(CeHs)sP* —CHy = CFomir, I

Three compounds were synthesized, starting from diffe-
rent fluoroalkyl iodides. The results are summarized in
Table I.

Table L. Synthesis of fluorinated phosphonium salts Rg—CH,—CH,P*
(CeHs)s, I™.

Compounds No.  Yield(%) MP(°C)
(C6H5)3_P+ "CHZCHZ—C4F9, I- 1 95 104
(CHs)s—P*—CH,CH,~C¢Fp, I- 2 95 170
(C6H5)3“P+~CH2CH2’_C8F17, I- 3 85 180

Second stage: synthesis of the olefin by condensation of the
phosphonium salt with an aldehyde
This was first tried under strongly alkaline conditions, but
yields were low:

—n-butyl lithium / THF / 0°C

—n-butyl lithium / THF / —40°C

—sodium hydride / THF /25—60°C

—lithium diisopropylamide / THF / —70°C

Under all these conditions the bases attacked all the
protons in the phosphonium salt indiscriminately, since
the presence of the fluorinated chain tended to acidify the
protons S to the phosphorus atom, and the expected ylide
not formed.

In order to get round this problem, the phase transfer
method developed by Escoula et al. [17] in our laboratory
was employed.

_ dioxan /Hz0
(CaH5)3P+ —CeHy -Rp, ]I +Rg—CHO - ------ -+
K,C0395°C

Ry — CHp — CH = CH - Ry + (CgHs)3 P =0

Water acts as a catalyst and liberates carbonate ions by
solvating K*. Under these mild alkaline conditions the
yields were considerably increased since CO?™ selectively
removes the proton « to the phosphorus atom. There is no
degradation of the phosphonium salt.

Four mixed olefins with different Rp—Ry balance were
thus synthesized (cf. Table II).

Table II. Synthesis of mixed fluorinated and hydrogenated olefins
Rg~CH,—CH=CH-Ry.

Compounds No. Yield (%)
CgF;—CH,—CH=CH-C,H, 4 74
CsF13—CH,~ CH=CH-C,H, 5 35
C,Fy—CH,—CH=CH-C¢H,; 6 30
C,Fy—CH,—CH=CH-CH,, 7 60

NB. These mixed olefins contained 70% of the Z isomer and 30% of the
E isomer (determined by 13C NMR) [17, 18]. The predominance of the
Z form can be explained by the formation of non-stabilized ylides during
the reaction. The isomeric mixture was used for the subsequent stages.

Selection of the olefin

The solubility of oxygen was used as a criterion for selec-
tion of the olefin for the preparation of the microemul-
sions. Among the various methods for measurement of
oxygen solubility (van Slyke, NMR, polarography, Clark
electrode [19]), we selected the Clark electrode which had
given good results for fluorinated compounds and emul-
sions in previous studies [20].

In order to quantitate the results, the electrode was cali-
brated with commercially available fluorinated oils whose
oxygen solubilities were known [9]. This also evaluated
the reliability of the method. Five perfluorinated or par-
tially fluorinated oils were chosen, and the amounts of
oxygen absorbed were measured at 25°C and 37°C (cf. Fig.
1). The method was found to be accurate to = 2 ml
0, /100 ml (recorder error).

F-decalin was selected as a reference with a value of
40 ml O,/100 ml. The AQ, values for the other com-
pounds could thus be converted into volumes of oxygen
dissolved by the other compounds. The results are shown
in Table III.

The results in the table show that the measured values
were close to those reported in the literature. The method
was considered to be reliable, and the compounds C,Fy—



CH=CH-C,F, and F-decalin were chosen as references
at 37°C. The absorption of oxygen by compounds 4 and 7
at 37°C are shown in Table IV.
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Fig. 1. Absorption of oxygen in 5 commercially available fluorinated
oils. Calibration curves.

Table ITI. Calibration of Clark electrode (+ 2 ml/ 100 ml).

Compounds No. T(°C) AbsorptionO,(5) Measured O,
(ml/100ml) absorption (ml /100 ml)

F-decalin 8§ 25 40 40

- 43
CeF17CH;s 9 25 R 40
CeF,CH-CH, 0 25 38 38
CF,CH-CH-CF;, 11 37 40 40
CFCH-CH-CF, 12 37 50 50
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Table IV. Absorption of oxygen in mixed oils (= 2 mi/100 ml).

Absorption

Compound No.
(ml/ 100 ml)

CsF;—CH,-CH=CH-C,H, 4 43
C.JF,—CH,~CH=CH-CgH;; 7 31
C,Fo—CH=CH~-CJF, 12 50
F-decalin 8 43

The results indicate that:

—the mixed oils 4 and 7 are good oxygen solvents: CgFy,—
CH,—CH=CH-C,H;, is particularly interesting, since it
has a larger fluorinated part than C,Fy—CH,—CH=CH-
CgHyy;

—~the compounds 4 and 12, although possessing less
fluorine than F-decalin dissolve oxygen to as great an
extent. In fact, C,F;—CH=CH-C/H, dissolved more
oxygen than F-decalin.

This shows the importance of steric factors in the solubi-
lity of oxygen in the fluorinated compounds. The double
bond in the center of the molecule appears to lead to a ste-
ric hindrance that favors the dissolution of oxygen. CgFy;—
CH,—CH=CH-C,H, thus appears to be a viable alterna-
tive to F-decalin, the principal component of Fluosol-DA.

Various microemulsions with CgF;;—CH,—CH=CH-
C,H, were produced, and all experiments were carried out
at 37°C in order to approximate physiological conditions.

Microemulsions with CgF,,— CH,— CH=CH-CH,

Use of ethoxy nonylphenols (NPn) as surfactants

These surfactants of general formula CoH;o—CcH,—
(OC,H,),OH are widely used in the production of micro-
emulsions. In the range of compounds NP2 to NP15 only
the NP14 derivative produced a monophasic zone with the
mixed oil CgF;—CH,—CH=CH-CH, (Fig. 2). The

NP 14

MICROEMULSION ZONE

y) CBF'7-CH

2-CH=CH-C“H9

Fig. 2. Pseudoternary phase diagram of the system HyO—NP14—CgF,,—
CH,-CH=CH-C,H, (NP14 = C;H,,—C¢H,—(0O—CH,—CH,),,OH.
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microemulsion zone was observed in the water-rich
region, making it suitable for intravenous administration.
However, in view of the potential toxicity of this aromatic
non-ionic surfactant (NP14) we investigated non-toxic
analogues based on the HLB criteria (hydrophile—lipo-
phile balance).

The HLB value can be determined experimentally or
theoretically. The theoretical methods described by
Griffin [21] and Davies [22] are commonly employed.
Thus the HLB for NP14 is calculated to be = 14.5. Surfac-
tants with an HLB of around 14 were selected.

Microemulsification
using Montanox 80
Montanox 80 is a non-ionic surfactant manufactured by
Seppic with an HLB of 14. It has a very low toxicity (oral
LDs, > 16 ml / kg) and is used in the formulation of vacci-
nes by the Institut Pasteur. It has the following formula:
0-C,H, ) (~OH .

0 CH—CHZ-(O-CHZ-CHZ)Y-COO—C7H

Qf (ng}7"(j}ié"(j}{::(jfl_'(j4ffg

14—CH-CH—CBH17

HO(C2H40)“ (O—CZH ~OH

1)
X+Y+Z+W=20

Montanox 80 produced a microemulsion zone similar to -

that obtained with ethoxy nonylphenol (NP14) described
above (cf. Fig. 3). The microemulsion zone is found in the
water-rich regions up to systems containing equal amounts
of oil and water (point B), which would make it suitable
for use in physiological conditions.

These properties thus encouraged us to attempt to deve-
lop oxygen transporting systems. Structural investigations
(viscosity and light scattering) of various microemulsions
of the system Montanox 80—water—CgF;—CH,—CH=
CH-CH, were therefore carried out. These were follow-
ed by oxygen absorption and toxicological studies.

Structural investigation of the microemulsions CgFy;—
CH,-CH=CH-C H,—water—Montanox 80

Four microemulsions were selected (points B, C, D and E
in the phase diagram of Figure 3). Their compositions are
shown in Table V.
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CF | 77CH,~CH=CH-C, Hy

Fig. 3. Pseudoternary phase diagram of the system H,O~Montanox 80~
C8F17_CH2—CH=CH_C4H9.
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Fig. 4. Curves of absorption of oxygen in microemulsions B, C, D and
E (reference C,Fy—~CH=CH—-C,F,).

Viscosity

Viscosity was measured in a coaxial cylinder type viscosi-
meter [23] (c¢f. Experimental protocols). The results are
also listed in Table V.

It can seen that the microemulsions C, D and E have a
viscosity close to that of water (1 cp), a further indication
that they are rich in water (O/W type). However, the
microemulsion B containing equal amounts of water and
oil had a particularly high viscosity (70 cp). It is not a true
microemulsion (the viscosity of the oil itself is only
3.15 cp), but it is probably represented by a lamellar
structure.

Table V. Characteristics of microemulsions B, C, D, and E of the system H,O—Montanox 80— CgF,;,—CH,~CH=CH-C,H,.

No. Composition of microemulsions (% weight)

Viscosity (cp) = 0.1cp  Micelle radius (A) = 1 A Oxygen absorption (ml/ 100 ml)

Montanox 80 CgF,;—CH,—-CH=CH-C/H, H,O I(v-[_'—eizisr:llie/dl 00m) Calculated
B 26 48.7 487  70.0 - 23 17.0
C 55 16.6 77.8 1.1 64 32 5.4
D 1715 7.15 85.7 1.1 36 9 2.3
E 13 9.1 89.6 0.9 43 21 2.8




Quasi-elastic light scattering

The quasi-elastic light scattering of the microemulsions C,
D, and E (water as continuous phase) was measured (cf.
Experimental protocols). This gives an estimate of the size
of the spherical aggregates [24]. The results are shown in
Table V.

These physicochemical studies showed that the Monta-
nox 80 — water —CgF,7CH,—CH=CH - C,H, microemul-
sions in the area rich in water are composed of small-sized
aggregates of the oil in water type. They are thus likely to
be suitable for blood substitutes.

Solubility of oxygen in the microemulsions CgF,;—CH,—
CH=CH-C,H, — water — Montanox 80

Measurement of the absorption of oxygen were carried
out at 37°C with C,F;—CH=CH-C,F, as reference as for
the fluorinated oils. It should be noted that the method
measured the solubility of oxygen in the microemulsion
after dilution in the sample cell. In some respects this
mimics the dilution of the agent in blood after intravenous
administration. We also calculated the expected absorp-
tion of just the oil fraction of each of the microemulsions.
The results are summarized in Figure 4 and Table V.
These results showed that apart from microemulsion D,
the other microemulsions dissolved oxygen to a greater
extent than Fluosol-DA (7.5 ml O,/100 ml) and, to a
similar extent, to that of blood (20.6 ml O,/ 100 ml).

It should also be noted that the theoretical values of
oxygen solubility (taking into account the proportion of oil
in the microemulsion) are much less than the measured
values in microemulsions C, D and E which have a true
micellar structure. The excess solubility was in fact
=~ 500%. This would indicate that the structure of the
microemulsion (presence of micellar cages) increases their
capacity to take up oxygen. This phenomenon has been
observed, albeit to a lesser extent (excess solubility of
around 200% ) with perhydrogenated microemulsion [19].

It should be emphasized that the presence of a fluori-
nated oil is required to observe this phenomenon of solu-
bilization. The corresponding micellar solutions (without
oil) only took up low proportions of oxygen (= 6 ml/
100 ml). Moreover, the solubility of oxygen appeared to
depend on the size of the micelles. The larger the micelles,
the higher the solubility (cf. Table V).

It would appear that solubilization of gas is favored by
the oil in water nature of these microemulsions using Mon-
tanox 80. Toxicological studies were thus carried out in the
rat after peritoneal injection and in the mouse after intra-
venous administration.

Toxicology of the microemulsions CgiF;;—CH,—CH=
CH-C;H, — water — Montanox 80

Toxicity in Wistar rats after intraperitoneal administration
The initial objective was to evaluate the toxicity of the
fluorinated oil CgF;—CH,—CH=CH-C,H, itself. We
thus administered microemulsion F (57% water, 40% oil
and 3% Montanox 80).
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Doses and route of administration

Male and female Wistar rats were treated by intraperito-
neal injection. The animals were housed in plastic cages,
and had ad libitum access to food and water. They were
left to habituate for 8 days the experiments. Two 15-day
trials separated by an interval of one week were carried
out on the same groups of animals. Each group consisted
of 5 males and 5 females. The doses used for the 2 trials
are summarized in Table V1.

Table VI. Amounts of solute [26] (5 ml/ kg) injected i.p.

Trial Male rats Female rats
Treated Controls Treated Controls
0.7 g ail - 0.7 g oil -

1 0.05g Mx80 0.05g Mx80 0.05g Mx80 0.05g Mx80
1 gwater 1.7 gwater 1 g water 1.7 g water
1.4 g oil - 1 goil -

2 0.1 g Mx80 0.1 g Mx8 0.07g Mx80 0.07¢ Mx80
2 g water 3.4 g water 1.4 g water 2.4 g water

Parameters evaluated

Weight gain. The animals were weighed at the same time
on each day during the trials. Weight gain was comparable
between the 2 groups.

Autopsy. Atthe end of trial 2, the rats were anesthetized
with ether, and killed by aortic puncture. Blood was
collected on lithium heparinate, and centrifuged at
12 000 rpm for 10 min. The various body organs were exa-
mined macroscopically. Administration of these microe-
mulsions by the intraperitoneal route was not found to
lead to any macroscopically observable lesions.

Biochemistry. Plasma samples were analyzed in the ch-
nical chemistry department at Purpan Hospital (Tou-
louse). Student’s r-test was used to compare the results
(Table VII).

Statistically significant alterations were observed in both
males and females in: albumin, calcium; and in females
only in: phosphorus, y-glutamyl transferase and iron. These
alterations were slight, and were observed in some cases
as elevations and in others as decreases with respect to
control levels. They were assumed to be of no toxicolo-
gical significance. The fluorinated oil CgF;—CH,—CH=
CH-C,H, can thus be considered to be well tolerated
after intraperitoneal administration.

Toxicity in CDF; mice after intravenous administration

Doses and route of administration. 1In order to prepare a
solution suitable for intravenous administration (neutral
pH, isotonic and isoionic), salts and glucose were added
in the same proportions as those used in Fluosol-DA
(Table VIII).
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Table VII. Biochemical parameters and statistical comparisons: i.p. toxicological studies.

Females:Na K  Cl  Alk.* Alb. TP** Urea Creat.Ca P Alkph Bl GTP GOT Uric vGT LDH Chol. Trig. Gluc. Fe
Cnt m 1428 366 105 214 570 674 832 402 26 155 2058 14 572 718 414 14 398 218 0368 1026 552
SE 04503t 123 20 281 219 159 286 006 025 6271 055 568 945 198 055 3482 03 017 031 887
Exp m 1420 556 103 228 618 722 950 390 279 2.03 1870 1.0 472 972 486 02 1004 25 065 956 856
SE 20 13 158 164 268 581 149 561 009 034 422 071 165 524 396 045 1118 053 032 160 164
t 087145 224 123 276 173 121 043 397 251 053 10 128 107 036 3.79 116 133 177 087 3.64

d 8§ 8 8 8 8 8 8 8 8 8 8 8 8 8§ 8 8 8 8 8 8

Males: Na K Cl Alk.* Alb. TP** Urea Creat.Ca

P  Alk.ph Bl

GTP GOT Ur. AvGT LDH Chol. Trig. Gluc. Fe

Ctn m 1426 436 996 258 531 649 954 366 272
SE 134 0.64 1.67 084 822 130 073 4.88 0.03
Exp m 1430 418 100 264 510 628 854 332 265

SE 1.09 048 141 114 184 327 061 705 0.04
t 0.8 0.51 041 095 233 127 228 089 343 065
dad 8§ 38 g8 8 § 8 8 8§ 8 8

23 5170 14 734 982 470 00 682 202 149 994 384
181 91.8 055 619 238 187 0.0 636 034 08 08 856
237 463.0 24 732 904 358 0.2 425 158 151 954 460
025 5955 152 920 204 156 045 553 029 044 081 557
111 139 004 057 103 L0

063 218 007 076 166
8 8 8 8 8 § 8 8 8 8

*Alk. = alkaline reserve.
**TP = total protein.

Table VHI. Amounts of salts and glucose (same proportions as Fluosol
DA) added to the microemulsions (g /100 ml).

NaCl 0.600
KCl 0.034
MgCl, 0.020
CaCl, 0.028
NaHCO, 0.210
Glucose 0.180

Since microemulsion E dissolved as much oxygen as
blood (cf. Table V) we prepared an homologous micro-
emulsion E’ with the following characteristics:

Table IX, Characteristics of microemulsion E',

Composition (% weight) Micelle radius Measured oxygen

A(£1A) absorption
ml /100 ml
(= 2ml/ 100 mt)
Oil* Mx80 Sterile water 43 20
Salts + glucose
9.1 1.3 89.6

*CyF;;—CH,—CH = CH-C,H,

It should be noted that the presence of the salts and glu-
cose did not affect the size of the aggregates or the solubi-
lity of oxygen in the microemulsion.

Microemulsion E' had a pH of 7. None of the solutions
were as hemolytic as the solutions of physiological saline
(0.9% NaCl) used as controls. Microemulsion E’ was thus
injected into female CDF, female mice via the tail vein at

various doses (0.1, 0.2, 0.3 ml/ 10 g body weight). All ani-
mals were given ad libitum access to food and water, and
were weighed regularly.

Parameters evaluated

Body weight. 'The mice were weighed daily. Weight gain
for treated and controls animals was not significantly diffe-
rent.

Autopsy. The mice were killed by i.p. injection of
sodium pentobarbital (50 mg / kg) at the following times:
8 days, 15 days, 1 month and 3 months after treatment. No
macroscopic lesions were observed in any body organ.
More detailed toxicological studies are in progress to
investigate elimination of the constituents of this microe-
mulsion.

Conclusion

The results show that microemulsions can be produced
using a partially fluorinated olefin and a biocompatible
hydrogenated surfactant. The oil CgF;;—CH,~CH=CH—-
C,;Hy was microemulsified using Montanox 80, a non-
ionic, non-toxic surfactant.

Determination of the solubility of oxygen in these
microemulsions showed that they absorbed larger
amounts of oxygen than Fluosol-DA which is widely used
in biomedical applications. Oxygen absorption was in fact
comparable to that of blood.

Light scattering studies demonstrated the small size of
their constituent aggregates.

The results after intraperitoneal injection in the rat indi-
cated that these microemulsions are well tolerated. For
intravenous use, the microemulsions were optimized by
addition of salts and glucose. The isotonic preparations of
neutral pH also appeared to be well tolerated after intra-



venous administration in mice. These encouraging results
are being followed up by further toxicological studies via
the intravenous route in mice.

Experimental protocols

The NMR spectra were recorded: for 'H at 60 MHz on a Varian T 60,
and at 90 MHz on a Brucker WH 90 instrument using TMS as internal
references; for 9F at 90 MHz on a Perkin—Elmer R 32 with CF;COOH
as external reference; for 13C at 300 MHz on a Brucker AM 300 WB with
TMS as internal reference.

The chemical shifts are expressed in ppm with respect to the reference,
and the signals were characterized as: s (singlet), d (doublet), t (triplet),
and m (multiplet).

The infra-red spectra were recorded on a Perkin—Elmer 683, and the
frequencies of absorption are expressed in cm~!.

Microanalyses were carried out by the central facilities of the CNRS.
The melting points were determined on a Koffler block. Viscosity was
measured with a coaxial cylinder type viscosimeter (Contraves Lowshear
2) [23].

Light scattering in the microemulsions was measured using a Malvern-
K 7025 128 channel correlator coupled to a helium—neon laser (A =
6323 A) [24].

Preparation of mixed hydrogenated and fluorinated oils
Preparation of phosphonium salts

General method. 0.1 mol of the fluoroalkyl iodide and 0.1 mol of tri-
phenylphosphine are heated in the absence of a solvent to 90—100°C
under constant stirring: overnight for Rg = C;H,, and all day for Rg =
C¢F|; and CgFy;. The reaction is stopped when the mixture solidifies.
After cooling the solid residue is washed in toluene followed by anhy-
drous ether. The white solid is dried under vacuum at 45°C for a whole
day.

Preparation of (CgHs)3sP+— CoH,—CyFy, 171

Yield: 95%; MP: 104°C; NMR 'H CD;COCDs: 2.7 (2p, m, CH,8P);
4-45 (2p, m, CH,aP); 7.6-8.3 (i5p, m (CgHs);). NMR UF,
CD,;COCD5: 5.5 (3f, t, CF,); 3.8 (2f, m, «CH,); 48 (2, m, CF,8CH,);
50 (2f, m, CF,aCF;). Found: C = 45.98, H = 3.07,F = 25.19, P = 4.83,
1 = 18.61. C,yH4F,PI requires C = 45.28, H = 2.99, F = 26.89, P =
4.87,1=1997%.

Preparation of (CsHs);P+—C,H,~CFp;, I 2

Yield: 94% ; MP: 170°C; NMR !H CD;COCDs: 2.6 (2p, m, CH,8P); 4.2
(2p, m, CH,aP); 7.4-8.4 (15p, m (C¢Hs);). NMR F, CD;COCDs: 5.8
(3f, t, CF,); 37.8 (2f, m, aCH,); 46.5 (2f, m, CF,8CH,); 47.4 (2f, m,
CF,yCH,); 51 (2f, m, CF,aCF). Found: C = 42.58, H = 2.63, F =
31.84, P =398, 1 = 17.57. C,sH oF,3PI requires C = 42.37, H= 2.59,
F=3355P=421,1=17.25%.

Preparation of (C4H;);P+— C,H,~CgFry, I- 3

Yield: 85%; MP: 180°C; NMR 'H CD,COCD;: 2.7 (2p, m, CH,8P); 4.2
(2p, m, CH,aP); 7.9—-8.5 (15p, m, (C;Hs)s). NMR F, CD,COCD;: 5.3
(3f, t, CF;); 37.8 (2f, m, aCH,); 46.9 (2f, m, CF, 8 and y CH,); 46.1 (6f,
m, CF, 8, vy and & CF;); 50.5 (2f, m, CH,aCF;). Found: C = 49.78, H
=221, F = 37.80, P = 3.82, [ =15.10. C,4H,oF,;PI requires C = 40.18,
H=227,F=38.62,P=4.31,1=15.18%.

Preparation of the mixed oils by a Wittig reaction

General method. 2.5-10-2 mol of the fluorinated phosphonium salt, 2-
102 mol of aldehyde, 3-10-2 mol of potassium carbonate, 1.7-10~2 mol
of water or formamide, and 20 ml of anhydrous 1,4-dioxan are placed in
a flask. The mixture is maintained at 95°C under constant stirring for
4 h. The reaction mixture is then filtered to remove the K,CO;. The
solvent is evaporated under vacuum without heating, and the residue is
taken up in ether to precipitate most of the triphenylphosphine oxide.
This precipitate is filtered, and the ether is evaporated. The residue is
taken up in hexane, and extracted 2 to 3 times with water to remove the
remaining dioxan. The organic phase is dried over sodium sulfate and
the hexane is evaporated. A colorless liquid is obtained after purification
by rapid distillation.
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Preparation of CgF,—CH,—CH=CH—-C,/y4

Yield: 74%; NMR 1H CDCl;: 0.6—-2.2 (9p, m, C4Hy); 2.4—3.2 (2p, split
t, CH, aCgF7); 5—6 (2p, m, CH=CH). NMR F, CDCl;: 6 (3f, s, CE3);
39—40 (21, s, CF,aCH,); 4850 (10f, m, (CF,)s); 53 (2f, s, CF,aCF;).
Found: C = 35.67, H = 2.76, F = 63.31, C,sH,sF,, requires C = 34.88,
H=2.52,F = 62.59%.

Preparation of CeF 13— CH,—CH=C,/F, 5

Yield: 35%; NMR 'H CDCl;: 0.6—2.2 (9p, m, C,H,); 2.4—3.2 (2p, split
t, CH,aCgF;7); 5—6 (2p, m, CH=CH). NMR 9F, CDCly: 6 (3f, 5, CFs);
39-40 (2f, s, CF,aCH,); 48—50 (6f, m, (CF,),); 53 (2f, s, CF,aCF;).
Found: C = 37.24, H = 3.33, F = 58.93. C3H,;F,; requires C = 37.50,
H=3.12,F = 59.37%.

Preparation of C,Fy—CH,~CH=CH-C4F; 6

Yield: 30%; NMR 'H CDCly: 0.9-2.2 (13p, m, C;H;3); 2.4—3.4 (2p,
split t, CH,aCF,); 5.2—6.1 (2p, m, CH=CH). NMR ®F, CDCl;: 6 (3f,
s, CFy); 39—40 (2f, s, CF,aCH,); 48—50 (10f, m, (CEy)s); 53 (2f, s,
CF,aCF;). Found: C = 45.87, H = 5.15, F = 50.25. C;3H;F, requires
C=4535H=494,F = 49.70%.

Preparation of CFg— CH,— CH=CH—-C4F;; 7

Yield: 60%; NMR 'H CDCl;: 0.8-2.2 (17p, m, CgH,;); 2.4—3.2 (2p,
split t, CH,aCyF,5); 5.2—6 (2p, m, CH=CH). NMR F, CDCl;: 6 (3f,
s, CF;); 39-40 (2, s, CF,aCH,); 48—50 (10f, m, (CF,)5); 53 (21, s,
CF,aCF;). Found: C = 48.50, H = 5.98, F = 45.48. C;sH,,F; requires
C=4838,H=4.64,F = 45.96%.

Determination of microemulsion zones

The microemulsion zones were determined by direct observation after
addition of a mixture or a pure constituent. The sample suddenly be-
comes transparent on formation of a microemulsion. Increasing amounts
of water were added to mixtures of surfactant and oil. The experimental
points lay within the dotted lines on the phase diagram (cf. Fig. 2).

Clark electrode: measurement principle and procedure

The Clark electrode consists of 2 electrodes: one of silver (anode) and
the other of platinum (cathode). The 2 are connected via a semi-satu-
rated solution of potassium chloride. A voltage of 0.8 V is applied
between the 2 electrodes which produces a depolarization current cor-
responding to the reduction of oxygen at the cathode. The solution
under test is placed in a thermostated holder in contact with the Clark
electrode through an oxygen-permeable Teflon membrane.

The rate of diffusion of oxygen across this membrane is relatively slow
with respect to the rate of depolarization of the electrode. The depolari-
zation current thus gives a measure of the rate of diffusion of oxygen
across the membrane. This rate of diffusion is dependent on the oxygen
concentration of the solution, and so the current is proportional to the
oxygen concentration.

The thermostated sample holder is filled with water previously satu-
rated with oxygen (1.5 ml). The oxygen concentration is recorded. Then
20 ul of the degassed fluorinated oil or microemulsion is added, and the
reduction in the oxygen concentration of the solution is recorded. This
gives an estimates of the oxygen consumption of the system.

Acknowledgments

We would like to thank Drs. Abravanel and Monroziers for carrying out
the determinations of oxygen solubility. We also thank Atochem for the
generous gift of the fluoroalkyl iodides RgCH,CH,I and Seppic for
supplying Montanox 80.

References

1 Gollan F. & Clark L.C. (1966) Science 152, 1755

2 Sloviter H.A., Kamimoto T. (1967) Nature 216, 458

3 Geyer R.P., Monroe R. & Taylor K. (1968) Fed. Proc. 27, 952

4 Moore R.E. & Clark L.C. Jr. (1982) in: Oxygen Carrying Colloidal
Blood Substitutes (R. Frey, H. Beisbarth and K. Stosseck, eds.),
W. Zuckschwerdt Verlag, Munich, 50

5 Riess J.G. & Follana R. (1984) Rev. Fr. Transfus. Immunol. Hema-
tol. 27, 191

6 Long D.C., Follana R., Riess J.G., Long R.A., Yee G.Y., Mat-



492

trey R.F. & Long D.M. (1987) Biomat. Art. Cells, Art. Organs 15,
417
7 Adlercreutz P. & Mattiason B. (1982) Enzymol. Microb. Technol.
4,332
8 Adlercreutz P. & Mattiason B. (1982) Eur. J. Appl. Microbiol. Bio-
technol. 16, 165
9 Riess J.G. & Leblanc M. (1982) Pure Appl. Chem. 54,2383
10 YokoyamaK., Yamanouchi K. & Suyama T. (1983) Life Chem. 2, 35
11 Suyama T., Yokoyama K. & Naito R. (1981) The red cell. Fifth Ann
Arbor Conference, 609
12 Delpuech J.J. (1983) Recherche 16, 172
13 Mathis G., Leempoel P., Ravey J.G., Selve C. & Delpuech J.J.
(1984) J. Am. Chem. Soc. 106, 6162
14 Mathis G. & Delpuech J.J. (1981) Br. Eur. no. 0051526
15 Mukerjee P. & Yang A.Y.S. (1976) J. Phys. Chem. 80, 1388
16 Mukerjee P. (1982) J. Am. Oil Chem. Soc. 59, 575
17 Escoula B., Rico I., Laval J.P. & Lattes A. (1985) Synth. Commun.

18
19

20

21
22

23

24

15,35

Hajjaji N. (1985) Thése de 3¢ cycle, July 1, 1985, University Paul
Sabatier, Toulouse, France

Berthod A. (1987) Oxygen as an electrochemical probe in studies of
physicochemical structure of microemulsions. in: Microemulsion
Systems (H.L. Rosano and M. Clausse, eds.), Marcel Dekker, New
York, Ch. 24 and references cited

Meguro F., Watanabe H., Kato H., Ogittara K. & Esumi K. (1983)
Buil. Chem. Soc. Jpn 59, 386

Griffin W.C. (1954) J. Soc. Cosmet. Chem. 5, 249

Davies J.T. (1957) Proc. Int. Congr. Surface Activity, London, 2,
426

Hoffman H. & Rehage H. (1987) Rheology of surfactant solutions.
in: Surfactant Solutions (R. Zana, ed.), Marcel Dekker, New York,
Ch. 4

Candau S.J. (1987) Light Scattering in: Surfactant Solutions
(R. Zana, ed.), Marcel Dekker, New York, Ch. 3



