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AWract-Polyoxycthykm pc~uoroalkyl surfactrnts ut syntks~rcd from polyoryctbyknc dycoh wm an 
wroptutc mtcrmcdmtc monao~y#os+on~um rrlt In conlnst with mctkds Involvuy tk pdyd&tPn d 
cthyknt ode toa~odcobd.thcptclzot poadrrn Jbrsu~tooMamsdactantrnokcuk~ w~tb~bcChukwdx~ 
of oryctbykrw units. I c wrtb a wdldcfird hydrophJL ItPophik t&xc (HLB) Flwrcartd mrrorarulsw#r wdd 
thus k prepllcd tot the hat ~wt by mrxl~ tk rdwunt of rpprmtc HLB to war and I Owrocuboa 

‘An tntcresting feature of f!uorinatcd compounds II thcu 

hrgh solubility of glrcs. such as 0: or CO, Thts property 
has sugtcrttd a proMk utiltty of Iluorrnattd rolvcnts as 

0: carriers in artificial bM and Iquid breathing.’ ’ They 

must he used fror thus purport as aqueous solutions so as 

to drrrolvc other compounds of brol+al importance 

As fluorocarbons arc h#rly hydrophobic molccukr, thrr 
rtqulrcment can k reached only as emulsions of 

Cluorocubons ustng an lpproprratt amphiphrk As the 
solubrlity of 0: seems to dcpcnd mainly on the molar 
rdtro of fluorinalcd compounds In tbc emulsion. we have 

dcbiscd to uu rurfactant molcculcs whose hydrophobrc 

mokty IS itsctf a h&tly fluorinated alkyl chain. Another 
obFctrve of these invcstbttonr was to obtain micro- 
rmulrrons-mstcad of cmukronr as il ts OK case m the 

procedures presently known-which arc cxpcctcd to bt 

casrcr to prepare from their components and much more 
stabIt rn the course of time. This requires in turn as a 

first step to have at our disposal a synthcrrs method 

whrch Jlows us to prcparc a collcctron of pure sur- 
factants, in whrch rhc lengths of the hydrophobK and 
hydrophrlrc moktict can be adjusted at will. 

In this work. WC dcrcnbc a proctdurc to synt)Ksrzc 

surfactants with a general formula R&H,), 
tOCH,CH,),OH. where R* = C,F,,, , Gcncral 
methods arc cxrstrrqT in the Irttratwc’ to prepare ethers 

from two alcohols-Willwnron*s synthesis.’ or 
tthcrification of the tosylatc ’ Howcvtr. when the pti of 

alcohols involvcr a polyol. such as cthylcncglycol. 

polyctheriricrt~n ts #cncrally occurirtg and thus rcsul~s 
into rncxtricablc mtxturcs of compounds. nK same is 

true for polyaddltron of ethyknc oxide to the core 
rcspondiw f?uoro-alcobd R&HI),OH. It thus lppcarr 
necessary to devrsc a new procedure to prepare unam- 

blguously pure surfactants of the type described above. 
UsiN a monosalt of polyoxycthylcnc oxy (tris- 

dimcthylammo)phosphonium (ATDP)’ u an activated 
rntcrmcdwtc opens a new way to the synthesis of the 
dewed molccultr Monosalts of ATDP ue sclcctwcly 

obrrincd with hrgh yrcldr (Table I) usin& a two-step 

reactton (Sctkmc I) 

rb( L cr. ‘,J a, KW 
HOGH.O),H - HOK:H,O),PY XI - 

HOKIH,O).‘i;Y ,(dF, 

n=J 1 n=44 

n=! 2 Y = NKH,), n=> S 

n=6 3 n=66 

Schcmc I 

They are submuted in a further cxpcrimcn~ to nuclw 

philic substitution by the appropnatc polyf!uoroalkoxidt. 

Nuckophilic substitution is actually pttfcrcd to chrnina- 

tion reactions if the nuckophilic reucnt is not too basic 

In the present case. ahhou& po)yfIuoroalkoxides art 
poor nuckophilts. their basic character is fortunately 

much weaker yet l The latter property is the more im- 
portrnt as the rcactmg alkotidc should not ionize 

through proton cxchan~ the hydroxylc functions in the 

ATDP salt or in the newly formed ether. The desired 

product was cRectivcly obtained. fret from polymcriu- 

ttcm products and dialkykthcr 
The choice of the solvent is of vut importance. It 

should allow the sodium hctalluorophosphrtc formed in 
the reaction to prtcipttatc and the ion pur 
HO(C2H&),PY?R,(CH,),0* to be formed so as to 

promote a facile further nuckophitic rubstitution,‘* On 
the his of the above mcntionc4 condilions and of 
previous results from kinetic studies,‘* (by rercM the 

ani00 with its counter ton tn a solvcot of low poltity we 
attain the optimal conditions for the nuckophiltc rcac- 
tion). diorm proved to k the best nrcw medium. 

The analysis of by-prducts at the end of the reactron 
achully shows t.tk presence of NaPF. and HMPA 
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Trhk I HNX:H,LO~Y iF1’ bbu~med foUorq Scheme 11 
t I 

CompnunJ n re4c t Ion solvent m l c hrr Yields 1 
1 4 

I I mF -40 2.5 95 

_s S THF-Et tO 1/l -35 J.5 92 

b e rnF-EQO J/l -28 3.5 92 
* A 

Conditions of opcratlon had to be carefully optimized to 
obtam good yields of products. Using an excess of 
alkoxidt ion doer not improve the quantity of product. A 
temperature of W was found most convcn~nt. It al- 
lowed us to reduce the time of reaction to 24 hr without 

the production of undesirable by-products (from cli- 
mination reactions). as it was observed on increasIng the 
temperature up to tk boihn# point of dioxanc. llc 

substitution step (Scheme 2: method Al was therefore 
carried out by heating cqulmolar quantities of reactants 

in dloxanc at W for 24 hr Polyfluorinatcd ethers with 

n = 43.6 cthylcncglycol untts have been prepared ac- 
cording to this procedure (Table 2) 

8 to 14 

Y = NKH,): R, q C,F>*. , 

schtme ,’ Mtthd A 

TOW purrty of each surfactant 1s examined bk thin layer 

chromatography on sIIKa#cI (using three 

clucnts. EtOAc<yclohcxanc 80: 20. EtOAc. and ErOAc- 
McOH 928) urd ccntcsimal anrlyrir. 

Surfactants with n -, 6 cannot however be obtained rn 

this way, as the corresponding ethylene dycol molecules 

arc not commercially availabk. WC hvt therefore devised 

an extension of the above method usutg llkoxdc mns 
ckrrved from the compounds prepared above (Scheme 3). 

R*(CH,),IOC:H.).O”‘N’1 + HOK,H,O,,i;u,‘p’F~~ 

In fact, II is impossible to obtain the pure alkoxde 
without simullrntously ioniziw the OH group of the 
AlDP uft. In order to avoid undc~irabk side-reactions 

(KC above). tk OH function of the AlDP salt was 
protected by a tctnhydropyranc substitutnt” ” (Scheme 

4). 
..+ 

HOK:H,O),PY ,dFh’= THPOIC,H,O).;Y ,;F. 
c W*<#: 

Y q N(CH,): DHP = dihydropyran n-4 7 

THP = tctrahydropyran 
APTS = paratolucncsulfonic Ad 

Sckmc 4 

Thus profcctin~ group was chosen so 8s to rtrnt to tk 
basicity d tk reactwon medium and to k easily removed 
by acidification Muwtc 5. method B) 

R,KH:),KK:H,U’-I~ Na”’ + THPO(C:H& ,;F, 4 

R,KHdm(OC:H,),.,OMP : R,KH:M3C:HJ,.,OH 

Skmc 5 Method B 

1 

Compoud tVpC l e t hod’ Yields I 
21 

4 m n 
“D 

8 .I I 4 A 41 I.575 

! 7 I 1 B 40 I .f7S 

4 0 I 5 A 11 1 .fBS 

10 7 1 5 A 40 1.582 - 

11 6 I e A J9 t.193 - 

’ 2 I 7 t e A 19 t .f89 

II b 5 6 It I9 e - 

I4 7 1 8 B 5 1.402 - 

a. Schrmt 2 ot Scheme 5 

I#. 1.R. Sp*ctrum YrnLI se50-j200 OH, 2100-1120 (CF), #60-800 CF,. 

I” N)(I (CD+ or CCl,/TMS) :4 - f.6S (m.ZH) ; 4.13 (4d.J;t-14, 

1.5.(H,)“). 
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YeIds were however much lower In thlr vanant. by 
rbout 8 factor of one hakf. We checkal th8r the pracncl 
of the protectuu tcrnhydropytanc group wu mt KS- 
ponsiblc for lhls mrlltr of fret (by pcfforml~ method A. 
with n = 6, ullily 8 protected ATOP ult rnd oblainiw an 
unchrf@ 9296 yield). Tb18 is prcrumrbly due fo the 
hi,gkr brsicily of the rlkoxdc ion used ia vuiSnt B. thi3 
ttsults into a h&ur puticiprlion of climmation rcac- 
t&IS, hbfCOVCT WC OtivCd 8 S&f&pdrtiOn d tht 
Jkoxidc 1on which ir segmented. under the conditions of 

rk tcrcrion. mlo dioxrnc and the alkoxidt ion with a 
cham lcwh dccrcrscd by Iwo oxyethyknic units 

(Scheme 6) 

RKH 1 AI-CH CH-&Hq +R,KH ) b ?r : . t2 I 2-4 
\w 

N8’ d 

XI-CH,-CH,O ‘N8’ + dioxrnc 

Sckmc b Sdf dqmdrtton 

We UC currently invcStrqltin8 new IouttS for Ihe syn- 
thesrs of lomchrin ethers ktcp~ng the JMC h@h yields 

u those prtsenrly obtained by method A. 
Emulsifyi~ prop&es of the ptcpucd rwfrctants can 

be correctly dcxritxd by cStabliShiry ternary phalc 
dwunS Of the SySMmS SU’f8Cl8n~. WltCl 8rd &&UC 8( 
various tcmperarwcs Such lct@hy meaSurementS UC 
now in prmcSS rnd 8re defcncd to brcr publications. 
McrnwhJc. the inltrtst of these surfrctrnls cm be sim- 

ply shown by diSpllyin# thou hydrophik-lrpophtic 
hlrncc (HLB)” ” and rht cloud points of their 4ucous 
solutions (Trblc 31. The cmulsifyl~ eficitncy of a sur- 

f8.ant &s keen rCl8tcd 10 tbc poluity of the mokcuk. 

cmpiricAly denned u the HLB on vuious arbitrary 
SC&S (cl Trbk 3,” ” The HLB vrlucS for our 

lborinatal surfactanu ue rmrllcr than their hydro- 

parted countcrp8r% this results from he much more 
I@ophilic churctcr of lbc CF, rnd CF, units, 81 com- 

pred to Ik rnalo#ous CH, &nd CH, units (by 8 frctor of 
1.8 using Itu increments of [hvics), However good 

tmulsifyt~ properties GUI be cxpccM lowuds 

duatinatcd oils, since the hydtophilic tendency of the 
p&luonnatcd II~~JMs II much less pronounccd than that 

d tk homolaow Jkancs. 

T’hc Influence of HLB 1s rlso rekctd In the cloud 

point (CP) of the binary 1% (w/w) Solu~ionr of Surfrctanl 
with w8ltr fl8bk 3). The cloud point ts defined by the 

sudden onset of turbidity (Scparrlton Inlo two ph8.scSl d 
8 cklr non-ionic mi~ellu Surfrclanl rolutlon of rriSln# 
Lhc lcmpcrrture IL” TIM effect h8s been u8CCd to the 
brcrktn# of H-bonds within the polu kods of direct 
(O/W) miccllcr 8bOvt a cnricll lcmpcrrtwc The cloud 
point IS Rl8rC.d to ttR poluity of rhc surfrctant. 8nd 
thcrtfore mcreags In a purlkl duccrion to IJK HLB. 
This is cku from ow drrr for fluofinrlcd SurfrcllntS 
where Ihe cloUd point decreases from I(I’ (0 I’ when the 

HLB 1s dccrerscd from 5 I8 lo 4,8S. and aa0 Mow the 
fttez~m point of solulmns (cu V) for rmrllcr HLB ThlS 
purlkhsm between CP and HLB vJws rlso accounts 

for rk much h&cr CP vducs obtained fot the rru)o- 
gous hydrogcruttd surfrct8nt mokcukr. Most trn. 
porrrnr. the solubJIz.atmn of alkants 10 obtrm micto- 
cmulsionS 1s Js~ rtlrled to the cloud point. Strof@y 
hydtwtn-bondcd micclks with 8 h&h cloud point UC 

kss rbk to incorporate lugs quantittis of oil Thu 

means that an imporunt degree of oil solubiliution 1s 

posslblc luSl below the cloud polnl of a elvcn Surfactant. 

4 .I5 T.23 

5.18 ‘.!a0 

4.24 8.60 

S.b5 1.42 

1.90 4.‘: 

4.11 - .ou 
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a. t). fluortnrtcd ethers and ME hydrogenated others horologs 

h. IIr,droph~l~-l~pophrlc balance [HLI] crlculrttd by equation 

of tl*vlCs 
II 

t11.B~ * 7 l I number of hydrophilic groups 

l I nuobcr of llpophlllc #roup,- 

Incrcrcnt5 used rn tnis crlcul : 

hydrophrl IC groups . -OCtIzCH2*~*0.11, 4Hm*l.9 

hydrophohlc groups -CF, 9-0.07, -CFZ--0.87, CH,--0,475, 

‘CHJ --0.475. 

Lr t~rdrophrlc-lrpophrlc balrnct colculrtrd by l qurtlon of Griffin” 

HLBC - . v WLIS of hydrophilic part, 2. 
0‘Icculmr ass 



Another factor IS the sunult~ncous increase of the clorcd 
point gencrrlly okrved by ddihon of OLI ” Thus In- 

corporrtion of fluorocubon to aqueous soluttoon~ of 
fhorinatcd suriactanls may bnnp the cloud point up lo 
co 37 with rlmuluncoudy a high concentration of 

lluorinad compounds (oil plus surfactan~), thus defining 
idcal conditions for usm# such solutions IJ convenient 

bkd ahaitutcs. TINS was not pors~ble with poty- 
dlspersc solutions of surfrctnnr~ w~lh n > 10, for w&h 

the cbud peinr il situated well atone 37 thus allowing 

the form&on of dispersions (cmulsrons) ad MI of 
stable mtcrocmulrions. This poinl explains our efTorrs to 

synthesize homogcntous polyoxyclhknic surfrcranrs. In 
spite of the consdcroblc experimental dticulry mvolvcd. 

rx?tUMEMlAL 

TttMtfhJb~~Ol morroosy (rnfdmrrh~amuo) 
phosphorturn btxa~wmpbrphorrl The tu~~ral proccdurc hr 

&cad) been dcrcnkd ’ To a ttrncd rn~at~t of I [P 718) and 

CCL (19 2S 8) In dry THF MO ml) u&r N: at - W ~8% added 
dropwac durtq Zhr a tin of hcumcthytp~p~our tram& 

IR 16 8) rn dr, THF f IO mtl. OTIS was continued for rnotkr 
30 mm Tlu millWe was poured into water 11ClOmlI. tw~c 
catractcd ulth water (2 * Mml). rnd tk combllYd aqueous 

ptuu% *crc washed with ctha 1lOOml) 

A sdn of poturum )KaaBwro+nphtc Ilt 481 w wvlttt 

t3Oml) wu addrd to 0~ aqueous phase. tha phuc VII cxrnctcd 
with CH:Cl: The CXI~CI was drrd over MgSO, ud evaporated 

to mvc tk cru& product whuh ~a$ wa~bbd wtth ctkr Tk rJt 

4 (23 108-939) was obtuncd 15 rn OJ u,; 3700 md 3200 (OH). 
IU! (P-0). rnd 8M IPF.1. H’ NWR tCDQ,l d 2 8 d I”, . 

!OHz. ttW’H,):l,. 357 Im. H@CH:CH~H:),OCH:J. 4 11 tm. 
CH+PI 

In the lame condttlons arc pcrpucd tk otkr ATDP ~Jtr S, I 
and 7 Spcctrorccglc data (IR. NMRI rnd ckmcnul anlry~r 

agree wrth formulas 
Trrratihrlmrgl~ol memo [ I’H f’H pn)luoroorryI] nL~t (714)1. 

To a dloarnc (8Omll I& of 0012 mot of the uAun IHIH 
pcrlIua~~tanolrfc, prepared by proton crchrw bCtwten 
IH IH ptrlluorooctrnol with NaOMc rod lubuqucnt Mc0H 
cvaporltron In vacuum. 001 mol (5 018) d 4 was &cd The 

~oln ~1% lccrtcd IO 60 for 24hr u&r lrurt ps rtmosphcrc 
After reactron. the product wat crtnctcd with tthcr and the 
orpnu law vrrhcd *lth a dtl HCf rq ad water. ~bd Urrcd or- 

w8S0, Vacuum craporatIon prt a crldc prdwr m 
purhcatm b) chromrro8nph) on ullcqd ltlur~~ wltb EtOAc) 

PvC 8 12 ‘08 4%) 
Compound 8 *rfL pyrorrl ATDP MI/ 7 Eaactty &t ~I.WU 

procedure ~1 above, rcplaci~ 4 by 7. W&I followed The ether 

eltractton was washed with a zi# t~-14uoroacrtw red uAn under 

Wrm# for 4 hr Mcpyrrndrt~on~ The ormu phru ~8s washed 
with water rnd drwd over w8sc), Vacuum evaporrllon pvc a 
cndc produd Tlu pur&at.ion of a silKycl cduma pw I 
r! l840%1 as an orl 8; = l37!. w_, 36w) 32tM(OH,. Iwy) llMl 
tCF) WBDO ICF,I. ‘H NMR (CD,Cl,I d 3 Mb-3 69m @C!H,I,. 
3 8tt % OH. 4 W dd J:, - I4 I Hz J:, = I 4Hr CFI_CH:. 

(Found: C. 33 25. H. 3 3% F. r0.M C,,H,&,F,, rcqwct C. 
33.35. H. 3 32. F. 49 4581 

In tk UC cond~tton~ UC prepared IJW otkr compounds 9 to 
I4 TT8bk 21 

HuoA~~~~~ol ~0110 I t*H IaH . YHZ’H. S’H 3’H 
pnf~orolr~~$l fikr W6) 13 To a daounc Wlml) soln of 

0012 md of sadrum drthykru8Jycolatc mono Il’Hl’H. Z’H2.H. 
3’H3’H ptrduorononyll ctkr prepared as rbovt ~prcpurtron of 
I~.001 mol d 7 was added. T’k coin YH bcmd to W lot 24 hr 

u&r rrmt ps rtmospbcrc Aflct rcrctlon. the product was 

extracted *Ith cthcr The ocpntc layer was washed with a .Xt% 

tr&~ouet~ rd sola under rttnlw for 4 hr tdcpyrantlrr~nl 
The orpnlc phase *as warbed wrth water and drud over 

MfiO,. Etrporatron IR vacuum pvc a crudt product Tk 
pundcrlton on a stluagcl column lclutiy with Et0H) pvc 13 

1228 w&Ok tN, MULE10 OH. 1295-f I20 CF. 860-W CF, 
‘H NMR (Ccl,) d 183-2 2 m CF+CH:h. 3 64 m CH#lC:H,~. 
3 7 ,.OH; (Found C. 3927. H. 482. F. M 92 C:,F,,H& 

rcqwcs: C. 39 32. H. 4 71. F. 38 W%) 
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