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Abstract—Polyozyethylene perfluoroalkyl surfactants are synthesized {rom polyoxyethylene glycols using an
approprate intermeduate monooxyphosphonium salt In contrast with methods involving the polyaddition of
ethylene oxxde 10 a fuoroalcobol, the present procedure allows us 10 obtam surfactant molecules with a definite asumber
of oxyethylene units, 1 ¢ with a well-defined hydrophle lipophile balance (HLB) Fluornated microemulsioas could
thus be prepared for the first tzme by oixing the surfactant of appropriate HLB to water and a fluorocarbon.

‘An interesting feature of fluorinated compounds 1s thew
high solubility of gases, such as O; or CO, Thus property
has suggested a probable utility of fluorninated solvents as
0, carriers in artificial blood and liquid breathing.' * They
must be used fror this purpose as aqueous solutions <o as
to dissolve other compounds of biological importance
As fluorocarbons are highly hydrophobic molecules, this
requirement can be resched only as emulsions' of
fluorocarbons using an appropriate amphiphile. As the
solubility of O; seems to depend mainly on the molar
ratio of fluorinated compounds in the emulsion, we have
devised to use surfactant molecules whose hydrophobi
morety 13 itself a highly fluorinated alkyl chain. Another
objective of these investigations was lo oblain micro-
emulsions—instead of emulsions as it 1s the case in the
procedures presently known—which are expected 10 be
casier to prepare from their components and much more
stable in the course of time. This requires in turn as a
first step to have at our disposal a synthesis method
which allows us to prepare a collection of pure sur-
factants, in which the lengths of the hydrophobic and
hydrophilic moieties can be adjusted at will.

In this work, we descnbe a procedure 1o synthesize
surfactants  with  a  genera)l formula RuCH,).
(OCH,CH).OH. where R, =CJF,,.. General
methods are existing in the hiterature” 1o prepase ethers
from two alcohols—Williamson's  synthesis.' or
etherification of the tosylate * However, when the pair of
alcohols involves a polyol. such as ethyleneglycol.
polyetherification is generally occuring and thus results
into inextricable mixtures of compounds. The same is
true for polyaddition of ethylene oxide to the cor-
responding fluoro-alcohol R{CH,)..OH." It thus appears
necessary to devise & new procedure 10 prepare unam-
biguously pure surfactants of the type described above.

Using a monosalt of polyoxyethylene oxy (tns-
dimethylamino)phosphonium (ATDP)* as an activated
intermediate opens a new way to the synthesis of the
desired molecules. Monosalts of ATDP are selectively

oblained with high yiclds (Table 1) using & two-step
reaction (Scheme 1)

PYy (g ,)K?"

HO(C;H.0).H —— HO(C;H.0).PY\Cl—

F O
HO(C;H,0).PY.PF,
n=41 n=44
n=52 Y=N(CH|)‘ n=5§
n=63 n=66
Scheme |

They are submitted in a further expenment to nucleo-
philic substitution by the appropnate polyfiuoroalkoxide.
Nucleophilic substitution is actually prefered to elimina-
tion reactions if the nucleophilic reagent is not too basic
In the present case. although polyfluoroalkoxides are
poor nuckophiles, their basic character is fortunately
much weaker yet.” The latter property is the more im-
portant as the reactng alkoxide should not iomuze
through proton exchange the hydroxyle functions in the
ATDP salt or in the newly formed ether. The desired
product was eflectively obtained, free from polymenza-
tion peoducts and dialkylether

The choice of the solvent is of great importance. It
should allow the sodium hexafluorophosphate formed in
the reacion 10 precipitale and the ion par
HO(C,H,0).PYPR,(CH,).0® to be formed 3o as 1o
promote a facile further nucleophilic substitution.'® On
the basis of the above mentioned conditions and of
previous results from kinetic studies.'® (by reacting the
anion with its counter ion in a solvent of low polarity we
attain the optimal conditions for the nucleophilic reac-
tion), dioxane proved 10 be the best reacting medium.
The analysis of by-products at the end of the reaction
actually shows the presence of NaPF, and HMPA
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Table | HIOC:H1.OPY \PF," (oblained following Scheme 1)

Compound n reaction solvent 0 °C hrs Yields
. . THF -40 2.8 93
S S THF-Et,0 3/} -38 3.9 92
) 6 THF-E(ZO mn -28 3.% 92

8.Y = NNe,

Conditions of operation had to be carefully optimized to
obtain good yields of products. Using an excess of
alkoxide ion does not improve the quantity of product. A
temperature of 60° was found most convenient. It al-
lowed us to reduce the time of reaction to 24 hr without
the production of undesirable by-products (from eli-
mination reactions). as it was observed on increasing the
temperature up to the boiling point of dioxane. The
substitution step (Scheme 2. method A) was therefore
carried out by heating equimolar quantities of reactants
in dioxane at 60° for 24 hr. Polyfluorinated ethers with
n =456 cthyleneglycol units have been prepared ac-
cording to this procedure (Table 2)

Snons

+ H =)
RHCH).0"Na + HO(C:H,0).PY .PF.———
v.';n

RACH,)n0%. 7 CH~CHAOC:H ). -OH + NaPF.—

Ru(CH,)..-0«CH:CH,0),-OH - OPY,
81014

Y = N(CH.); Ry = CFu..

Scheme 2 Mcthod A

The purnity of each surfactant is examined by thin layer
chromatography on silicagel (using three
eluents - EtOAc—yclohexane 80:20, EtOAc, and EtOA¢-
MeOH 92:8) and centesimal analysis.

Surfactants with n > 6 cannot however be obtained n

this way, as the corresponding ethylene glycol molecules
are not commercally available. We have therefore devised
an extension of the above method using alkoxxde rons
denived from the compounds prepared above (Scheme 3).

R/CH)-(OC:H.),.0"Na + HO(C,H.0),PY,PF.~

R#(CH,).(OC;H,).. .OH
Scheme 3

In fact, it is impossible to oblain the pure alkoxude
without simultaneously ionizing the OH group of the
ATDP salt. In order to avod undesuabie side-reactions
(see above). the OH function of the ATDP salt was
protected by a tetrahydropyrane substituent'' '’ (Scheme
4).

Y » DHP APTS g A
HO(C:H.0).PY,PF,——— THPO(C,H,0).PY\PF,
CHCry

Y = N(CH.), DHP = dihydropyran
THP = tetrahydropyran

APTS = panatoluenesulfonic Acd

n=47

Scheme ¢

This protecting group was chosen 0 as 10 resrst to the
basicity of the reaction medium and to be easiy removed
by acudification (Scheme S, method B)

. K
RACH)(OC:H,).0 ‘Na™" +« THPO(C:H,),PY.PF, -

N
Rr‘CH:)—(OC:Hc).-.OTHP—‘R;{CH:)-(OC:H.)..,OH
Scheme $ Method B

Table 2 Compounds F(CF.),4CH.),~OC.H,),OH"

Compound type method® Yields né‘
Q 8 n

8 * ! 4 A 49 1.37§
[} 7o ] B 40 1.378
9 6 $ A 4 1.38%
10 7 $ A 40 1.382
1 6 1 6 A 39 1.393
LN ? LI A 39 1.389
n 6 3 & L] 9 .
14 ? L | L] $ 1.402

8. Scheme 2 or Scheme §

b. 1.R. Spectrum v, =~ 3650-3200 OH, 2300-1120 (CF), 860-800 CF,.
Iy NMR (CDCly or CCL,/TNS) 14 = 3.65 (m.2H) ; 4.15 (4d.J4,14,

S
JHF- l.S.(H‘)n).
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Yields were however much lower in this varant, by
about a factor of one half. We checked that the presence
of the protecting tetrahydropyrane group was not res-
ponsible for this matter of fact (by performing method A,
with n = 6, using a protected ATDP salt and oblaining an
unchanged 92% yiekd). This is presumably due to the
higher basicity of the alkoxide ion used in vanant B, this
tesults into a higher participation of elimmation reac-
tions. Moreover we observed a self -degradation of the
alkoxide ion which is segmented, under the conditions of
the reaction, into dioxane and the alkoxide ion with a
chain length decreased by two oxyethylenic units
(Scheme 6)
6‘]

A\
RWCH:).-O-CH.CH-O-CH, O

(>

Naf

- Rr{CH:)m

“0-CH,~CH,0 'Na’ +dioxane

Scheme 6 Setf degradation

We are curently investigating new routes for the syn.
thesis of long-chain ethers keeping the same high yields
as those presently obtained by method A.

Emulsif ying properties of the prepared surfactants can
be correctly descnbed by establishing ternary phase
dagrams of the systems surfactant, water and alkane at
various temperatures. Such lengthy measurements are
now in progress and are deferred to later publications.
Meanwhile, the interest of these surfactants can be sim-
ply shown by displaying ther hydrophile-lipophile
balance (HLB)'’ ' and the cloud points of their aqueous
solutions (Table 3). The emulsdying eficiency of a sur-
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factant has been related 1o the polanity of the molecule,
empirically defined as the HLB on vanous arbitrary
scales (¢f Table 3)"'* The HLB values for our
fluorinated surfactants are smaller than thew hydro-
genated counterparts, this results from the much more
lipophilic character of the CF, and CF; units, as com-
pared to lhe analogous CH, and CH, units (by a factor of
18 using the increments of Davies). However good
emulsdying properties can be expected lowards
fluorinated ouls. since the hydrophilic tendency of the
perfluonnated alkanes is much less pronounced than that
of the homologous alkanes.

The influence of HLB is also reflected in the cloud
point (CP) of the binary 1% (w/w) solutions of surfactant
with water (Table 3). The cloud point is defined by the
sudden onset of turbidily (separation into two phases) of
a clear non-lonic micellar surfactant solution of raising
the temperature ' '" This effect has been traced to the
breaking of H-bonds within the polar heads of direct
(O/W) micelles above a cntical temperature The cloud
point 15 related to the polarity of the surfactant, and
therefore increases in a parallel direction to the HLB.
This is clear from ous data for fluotinated surfactants
where he cloud point decreases from 10° to 1° when the
HLB 15 decreased from 518 10 4.85, and goes below the
{reezing point of solutions (ca 0°) for smaller HLB. This
paralichism between CP and HLB values also accounts
for the much higher CP values obtained for the analo-
gous hydrogenated surfaclant molecules. Most 1m-
portant, the solublization of alkanes to obtain micro-
emulsions is also related to the cloud point. Strongly
hydrogen-bonded micelles with a high cloud point are
less able to incorporate large quantites of oil This
means that an important degree of oil solubilization s
possible just below the cloud point of a given surfactant.

Table 3 HLB'' ' and cloud points of Suorinated sufactants and hydrogensted homologs

compound<® HipyteP ns®© Cloug points®
b ni b ne FE HE el e
o1 Gy a8s s | os.st a0 1 74
o0 €L, 5.8 c.se | 9.1s .m0 | 10 gy
ol (gl 4 6.60 3.76 13.80 <0 -
Gty 1.65 6.4z | 6.71 12.60 | <o 35.5'®
RERR AN .98 6.°5 | t.ed 13.s0 | <o 55!
1o CyE, 31 o8 | s.48 1430 | <0 .
18ty e9s e | o9 as.m 6 .

#. (b fluorinated ethers and HE hydrogensted ethers homologs

b. sydrophile-lipophile balance [HLB) calculated by equation

of Divlfi"

ul.BD = 7 + [ number of hydrophilic groups

* 1 nuaber of lipophilic groups.

Increments used 1n tnis calcul ¢

hydrophilic groups
hydrophobi< groups

-0CH,CH,~=+0.33, ~OH=+1.9
“CFy=-0.87, -CF,=-0.87, CH

yo-0.475,

-CHz'-O.CTS.

v. Hydrophile-lipophile bslance calculated by equstion of Gri(hn‘3

. Msss of hydrophilic part
HLB TWoTecular mbss - 20
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Another factor 1s the simultaneous increase of the cloud
point gencrally observed by addition of oi.'" Thus in-
corporation of fluorocarbon to aqueous solutions of
fluorinated surfactants may bring the cloud point up to
ca 3T with simultancously a high concentration of
fluorinated compounds (oil plus surfactant), thus defining
deal conditions for using such solutions as convenient
blood substitutes. This was not possible with poly-
disperse soiutions of surfactants with n > 10, for which
the cloud point is situated well above 37° thus allowing
the formation of dispersions (emulsions) and not of
stable microemulsions. This point explains our efforts to
synthesize homogencous polyoxyethlenic surfactants, in
spite of the considerable experimental difficulty involved.

EXPERIMENTAL

Solvents and hiquid reagents were purified and dred by stan-
dasd procedures.” IR spectra were recorded oo 8 Perkin-Etmer
457 spectropbotometer and NMR spectra on a Perkin-Eimer
R12B or Cameca 250 MHz Elemental analyses of the fluonnated
compounds are 1n good agreement with the proposed struciures

Tetraethylemexlycol monoosy (tnsdimethyiomino)
phosphonium Resafluorophosphate4 The general procedure has
already been descnbed * To a staved mixture of 1 (971 g) and
CCL (19.25g) in dry THF (40 ml) under N, at - 40° was added
dropwise during 2hr a soln of hexamethylphosphorous triamde
(8 16¢) 1n dry THF (10 mh). storing was continued for another
JOmin The mixture was poured nto water (100ml). twie
extracted with water (2x30mi). and the combined aqueous
phases were washed with ether (100 ml)

A soln of potassium hexafluorophosphate (184g) n water
(30 ml) was added t0 the squeous phase. this phase was extracted
with CH.Cl, The extract was dried over MgSO, and evaporated
to give the crude product which was washed with ether The salt
4(23 305-93% ) was obtained as an ol »,.,,” 3700 and 3200 (OH).
1328 (P-0). and 860 (PF,). H' NMR (CD,Cly) & 284 Jyp
10Hz. {N(ICH,):,, 367 {m, HIOCH,CH,CH,),OCH.). 41 [m,
CH,-0-P|

In the same conditions are prepared the other ATDP salts 8,4
and 7 Spectroscopic data (IR. NMR) and elemental analysis
agree with formulas

Tetracthyleneglycol momo ['HI'H perfluorooctyl) ether (114) 8.
To a doxane (80 ml) soln of 0012 mol of the sodium IHIH
perfluorooctanolate, prepared by proton exchange between
IHIH perfluorooctanol with NaOMe and subsequent MeOH
cvaporaton in vacuum, 00! mol (301 g) of 4 was sdded The
soln was heated to 60° for 24 hr under inert gas atmosphere.
After reaction, the product was extracted with ether and the
organx layer washed with a dd HCl aq and water, and dried over
MgSO, Vacuum evaporation gave a crude product The
punfication by chromatography on suicage! (eluting with EtOA¢)
fave § (240g 42%)

Compound 8 wuk pyranid ATDP sali 7 Exactly the same
procedure as above, replacing 4 by 7. was followed. The ether
extrachon was washed with a 20% tnfluoroacet acd soln under
sturing for 4 he (depyramiation) The organx phase was washed
with watet and dried over MgS(), Vacuum evaporaion gave a2
crude product. The purificaton of a sikagel column gave 8§
(23g40%)asanol af = 1374 »_,, 3650 3200 (OH). 1300 1120
(CF) 860 800 (CF\). 'H NMR (CD,Cl.) § }60-369m (OC.H,),.
I8 sOH. 408 dd Jiy=141H J, =14Hz CFCH.,

(Found: C. 3325. H. 338 F. .08 C,,H,,O.F,, requaes' C.
31338 H. 332, F 49.45%)

In the same conditions are prepared the other compounds 9 to
14 (Table )

Hesaethylenegiycol  momo  ['HVH,  YHYH., YHYH
perfluorononyl) ether (636) 13 To a dwxanc (80ml) soln of
0012 mol of sodium dwethyleneglycolate mono [I'HI'H, YHY'H.
THYH perfluorononyl] ether prepased as above (preparation of
8). 001 mol of 7 was added. The soin was heated 10 60° for 24 hr
under nert gas atmosphere Aflter reaction. the product was
extracted with ether The organic layer was washed with a 20%
tnfluoroacetsc acd soln under stming for 4 hr (depyraniaton).
The organic phase was washed with water and dred over
MgSO,. Evaporation in vacuum gave a crude product The
punficabon on a sukagel column (cluting with FIOH) gave 1)
1228 19% od; »,,, 3640-3210 OH. 1295-1120 CF. 860-300 CF,
'H NMR (CCL) & 18)-22 mCFACH;), 3.64 mCHJOC;H.\,.
3.7 sOH; (Found C. 3927. H. 482 F. 3892 C,F,H,,0.

requues: C. 3932 H, 471 F. 38 0%

Acktrowledgements—The authors wish 1o acknowledge the
fnancial support of CN RS (A TP interface) and the helpful
discussrons of referees

REFERENCES

'R Battino and H 1. Clever. Chem. Rer. 66, 395 (1966), 1. G.
Riess. Ann. Anesth France 391 (1974). ) G Riessand M Le
Blanc. Aages Chem. Int Ed Engl 17,621 (1978)

‘L Cluk, F Becattint and S Kaplan. Trsangle XI11 No. 2, 83
(1973) Symposium Artificial blood Fed Proc 3. Mar 198}
G Riess and M Le Blanc. Angew Chem [nt Ed 1709),
621-634 (1978)

‘Proc 1Vth Int Symp on Perfluoro-chemicals Blood Substitutes
(Fdited dy Excerpta Medxca) (1979)

‘I M Schick, Non sonic surfactants M Dekker N Y. (1966)

‘) M Cotkill. J F Goodman and R. H H Otterill, Trans
Faraday Soc §7. 1677 (196))

‘W T Weller. Proc Imt Cong Surf Actwity IV, Brussels
(19641

'R Tatematus. S Ozaki, S Nagase and K Inukas, Yukagaku 28,
5 (1976)

*C Selve. Thse de Doctorat Umiversité de Nancy 1, 1973, Y.
Chapleur. B Castro snd B Gross. SwatA Commun 7. 149
(1977). R Bowgegrain. B. Castro and C Selve, Tetrahedron
Letters 2529 (1978)

*B Allard. A and E Casadevall. C Largeau, Nowe J Chimee. 3,
3135 119M9)

B Castro. M Nacro and C Selve, Trirahedron 38, 481, 617
11979)

"W E Parnham and £ L Anderson. J Am Chem Soc 10,
4187 (1948)

‘G F Woods and D. N Kramer. Ibid 69, 2246 (1947)

"W C Grffa.J Soc Cosmet Chemisis S. 249 (1954)

“]. T Davees. Proc 2ad Int Cong Surf Act. Loadoa 1, 426
(197%)

"B A Mulley. J Chem Soc 2065 (1958)

"“P H Elworthy and A T Florence. Kolioid Z 198. 13 (1964)

N Chakowsky, R H Marun and R van Neckel. Bull Soc.
Chim Belg 68411 (19%)

"W N Maclay. J Collowd Sce 11, 272 (1956)

"D D Pertin, W L. F Armarego and D R Pernin. Punfication
of Laboratory Chemucals Pergamon Press, Oxford (1966)



