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Abstract 

.A series of phosphates and phosphonates. (p-R&H,0 I j ,P( 0 ) ( OC,H, ) , and (I’-R,C,H,O ) 1 ,P(O) ((‘,,H.. I ,. respectively ( R, = C,F,. 
n-C%F,7 and C3F,(OCF(CF,)CF,),, wherein n=?, 3. d and 6) were prepared by reaction of the appropriate phenols with corresponding 
phorphorus halides. The majority of phenols were obtained fromp-R,C,H,Br Gap-R,C,H,B (OCH,), intermediates followed by hydrolysis. 
The presence of R&H,0 groups promoted hydrolytic instability: phosphates were more susceptible to hydrolysis than the corresponding 
pho,phonates. An increase in the number of R,C,H,O grclups resulted m lower hydrolytic stability. It required the presence of two /)-C,F: 
(O(‘F( CF,) CF,),,C,H40 substituents fnr the con~pouncl~ to be ~luble in perfluoropolyalkylether fluids at low temperature; volubility 

incrzased with the increase in II. 0 l(J98 Elsevier Sconce S.A. 

1. Introduction 

I’erfluoropolyalkylethers. due to their wide liquid ranges. 

high viscosity index and high thermal oxidative itability, 
offi,r lubricants for applications where extremes 01‘ rempera- 
turcis and environments are encountered [ l-4 1. However, at 

ele 1 ated temperatures in the presence of metals in oxidizing 
atmospheres. these materials undergo decomposition accom- 
parIled by metal corrosion [ 4.5 1. The degradation process 
can be arrested by additives such as phosphines and Iihospha- 
S-II iazines. Neither of these materials provide lubricity 
enhancement. nor are they amenable to be modifietl IO offer 
rus, protection. The latter is a very serious problem ai\ocinted 
with halogenated fluids such a!, poly( chlororrl Huoro- 
ethvlene) and perfluoropolyalkylether fluids [ 6.7 1. 

,\romatic phosphates are widely utilized as lubrication 
adciitives in hydrocarbon based fluid,: thus there wax a good 
prc bability that these tnaterials. if rendered soluble. would 

also function as lubricity additives in fluorinated flllicis. Id+ 
all: , in addition, these materials could act as de;:radation 
inhibitors. and when appropriately substituted. as rurt-pre- 
venting agents. Similar reasoning applied to phocphonates, 
the latter in view of the p-aromatic Imkage. present also in 
phosphines, offered a better likelihood of inhibiting perfluo- 
rorolyalkylethers’ thermal oxidative degradation. t3;rscd on 

:’ 1 orresponding author. 

these premises, perfluoroalkyl- and perfluoroalkylether-suh- 
stituted aromatic phosphates and phosphonates were synthe- 
sized and evaluated. The investigations discussed here pertain 
only to synthesis and characterizations. Evaluations have 
been described elsewhere 17-l 11. It is of interest that several 
ol’ these materials combined all thtk desired properties and 
were more effective. as thermal oxidativc degradation inhih- 
itors, than the currently known additive\. 

2. Results and discussion 

Based on past investigations of additives for perfluorinated 
fluids [ I 1. it was apparent that it is mandatory to incorporate 
pcrfluoroalkyl or perfluoroalkylethcr chains to render phos- 
phates and phosphonates soluhlc in perfluoropolyalkylether 
fluids. Direct attachment of the fluorinated moieties to phos- 
phorus waj not considered. since iuch materials exhibit low 
thermal stability due to the preferential P-F bond formation. 
To simplify the synthesis process. the two general classes of 
candidates selected were: (R,C,,f-1 ,O I 1 ,.P( 0 j (OC‘,,H,) , 

(.~=0. I or 2) and (R,C,H,O!, ,1’(O) (C,,H,), I.\--.=l or 
2 ). This limited the chlorophosphorus starting materials to 
POCI,. C,,H,OPOCI,, ( C,H,O I II’OCl. C,H,POCl: and 
( C,H, )ZPOCI. Thus, the only rcngentx required for the prep- 
aration of the phosphates and pho?phonates were pcrfluo- 
roalkyl- and perfluoroalkylether-substituted phenols. i.e.. 



Cl 3_,P(0) C,,H, + 3-.~RJ,H.,OH 
( il 

+ 
! 
R,C,H,O).<_ ,PiOi((:,H,j,+lrHCl 

To assure the required low temperaturts solubilities. of 
the phosphates and phosphonates, utilization of perfluoro- 
alkylether-substituted phenol5 represented by the series 
C3F7[ OCF (CF,)CF, J ,,C,H,OH offered the best promise. 
Unfortunately, the copper-assistedcoupling process proceeds 
with difficulty, if at all. when the ether function is separated 
by less than three carbons from the iodo or I)ther halo group 

[ I2 1. Thus. the preparation of these phenols by direct cou- 
pling ofC,F,[OCF( CF3)CF2 ],,CF(CF, 11 and IC,,H,OHwas 
not possible. An alternate route was to utilize the readill 
accessible methyl esters C %F, [ OC’F( CF i ) CF2 ] ,I , O(:F- 
( CF,) C0,CH3. to form the hromides p-C :F, 1 OCF( CF: i )- 
CFI],,C6H,Br. by reaction u ith I ,4-dibromobenzene I’ol- 
lowed by SF, fluorination 1 1.31. A number, of routes wcn: 
investigated to transform the bromides into phenols utilizing 
p-C2F,C,H,Br as a model compound. The Ial tcr was obtained 
also via the two-step proce45: 

I.,(‘ , Ii ‘, 5, , 
+ CF,COC,H,Br~C2F,C,,H,B: 

The reason for this approach, instead of the C‘u coupling, was 
to optimize the SF4 fluorination process. We have found that 
the reported high temperatures, > 180°C [ I? 1 lead to for- 
mation of mono- and disulfides shown below,: 

Br Br br Br 

By conducting fluorinations at 105-l 10°C yields > 95’Z 
were attained. This applied subsequently also to C,F,- 

[ OCF( CF,)CF,],,C,H,Br compound\. 
The path ultimately chosen to obtain tht, corresponding 

phenol is depicted below: 

RfCfjHqBr 

n-BuLi 

-9fCgHqLi 

~ (CH30)3B 
I 

RfC6HqB(OCH3)2 

CYC02H/Y4 

R&&OH 

The process was originally developed for non-fluorinated 
materials [ 141. After optimization yields > 75% were 

reproducibly realized without the need to isolate any 01‘ the 
intermediates, 

The phosphates and phoxphonates synthesized using the 
series of’ phenols are listed in Table 1, None of the 
C2F,C,H,0-substituted products were Eoluble at room tem- 
perature in the perfluoropolyalkylether fluids. which was to 
be expected. These materials however. functioned as degra- 
dation inhibitors at elevated temperatures [ 7 1. Compound\ 
having only one C,F,C,H.!O grouping were relatively resis- 
tant to hydrolysis. IncreasIng the number of the C,F,&H,,O 
groups resulted in a progressively lower hydrolytic sta- 
hility i.e., C,F,C,H.,OP((i)li,> (C2F’ChH_IO)1P(0)R> 
(C,F,C,H,O) %P( 0). wherein R = C&H5 or OC,,H;. Thub, m 
the case of ( C2F,C,,H,0) ?I’I 0 ) only 65,/r ofthe starting matc- 
rial was recovered follo\+,ing a 14-h expose to water at 
100°C. These results indic,ltc that a strongly electronegative 
group on the aromatic ring Inuht he responsible for this behav- 
ior Limited modeling studies <howed the initial attack to 
occur at RfC,IH,O-P bond. In view of these tindings. the 
phosphates (R,C,H,O) ,P(O) were not further investigated. 

It is apparent from Tahic 1 data that [ C,F,( OCF(CF; )- 
CF,],C,H,O],P( O)OC,H, i\ the least hydroll tically stilblc 
compound having to phetlox> groups 17lrrc/-substituted by 
either perfluoroalkyl or pertiuoroalkylether ch:lins. Increaa- 
ing the chain length by one ()CF( CF3)CF2 unit increased the 
hydrolytic stability. as m(:a\ured by the starting matcbrial 
recovery, by a (actor of three, As expected. the phosphonate\ 
were more hydrolytically ctablc than the corresponding phos- 
phates. On the other hand ph~~sphates were more effective 
as thermal oxidative degradation inhibitors and their diesters 
R&‘,H,OP( 0) ( O&H, )( )I+. as rust-preventing agttnts 
17-~l I I. 

In the compounds subhtltuted by the phenoxy group. 
C,F,[ 0CF(CF3)CF,],C,Jl,0 (V-VIII). only the disubsti- 
tuted phosphate and phosplhonate exhibited low temperature, 
-3O”C, solubility in pal-Ruoropolyalkylether fluids. The 
longer chain, C,F;[ OCF( (‘F; )CF? Id, lowered the cloud 

point of the mono-substitutcc! phosphate and phosphonatr by 
_ 35°C. Increasing the chair length by two additional units 
rendered the phosphate I ( ’ F, [ OCF( CF, ) CFI 1 f,ChH40] 2- 
P( O)OC,H, soluble at room temperature in Krytox 143AC. 
Based on overall propertick. namely. effectiveness in degra- 
dation inhibition, rust prekcntion. solubility and volatility 
(ax measured by TGA wcipht loss onset) the mixture 

of I C,F,[OCF(CF,)CF!] .~‘,H,O],P(O)OC’,H, and C:F;- 
[ OCF( CF,)CF,] ,C,H,OPI 0 t (OC,H,)OH presented the 
optimum candidate system [ -7.8 ] 

In view of the multistel? traction sequence necessary to 
form C,F , [ OCF( CF, I (‘F ,I C,H,OH, the series of phos- 
phates and phosphonates bused on ,rX,F, &,H,OH were 
investigated. The phenol \;\‘;fc described previously [ 15 ] In 
our studies. we have i’ountl that using dimcthylformamidc 
instead of dimethylsultoxitlc. in the copper assisted coupling 
of 4-iodophenol and n--perfluorooctyl iodide. eliminated the 
formation of’ rl-CiF,5(~O(~‘,,CI,0H and gave ;I hish yield 
( 97%) of the pclr~r G.?,F. (‘,,H ,OH. None of the deri\;cd 



The summary of data for phosphate!, and phqlhonates 

R,PcO)(OPh)2 I 7s 114.. I Jh 3-M 3X0 90 I .30 2.1:: 57 

R,FI O)Phz II X6 hYm7 I _ 417 -NO 7’1 150 2:: 85 

,R, I,P(O)OPh III xx 114-136 562 035 3s I30 2,‘-: 65 

CR, lxP(O) IV 87 x0-Y)o - ClXO 750 (1 135 .‘1: x2 

R;‘“(O)lOPh), V 93 _ 145-148 S26 X60 5X I50 2-v 95 

R,‘Y’(O)Ph: VI 75 67.-70 .1X1 830 97 150 2-i 106 

(R,‘),P(O)OPh VII 79 169-170 I326 1120 I 9 170 7h7 <’ -30 

(R,‘),P(O)Ph VIII 79 17% I x0 l.ilO Ii00 7’) 155 :i: _’ - 30 

R,“I’( O)Ph, IX 35 vvA\x _ II26 I 100 YY 165 ?)!3 IX 

(R, I,F(O)Ph X JI _ n.d 1071 ix50 101) ‘03 .il)r ( - 30 

R,‘l’( 0) 1, OPh j2 XI 74 nd. II58 I IO0 40 IYO .?‘JT 60 

iI< )2P(0)OPh XII 38 _ n.d. I wo I YXO 70 I YS ‘rl)- ,c - 10 

(R ‘),P(OIOPh XIII x2 _ n.d. IX58 i 5-10 62 IX0 .I<> < -40 

tR “):P(OIPI> XIV 5.3 n.d. 1 O-12 1170 Y7 71s 7’)h ..: - JO 

R,’ P(01(0Ph)~ XV X7 ~ l1.d. I -lW 1’50 97 200 <I,: 25 

R,‘I’(O)(Ph), XVI h3 IIO-III - 712 7-10 YX I YO .’ ‘il / I I 

IR’ jIP(OIPh XVII 32 %-X5 ~ I Ix! II50 Xl I x0 “J: 7x 

R,‘I’(O)(OPh), XVIII 57 61--K! - ‘-1-1 7.50 31 I 60 2 s I01 

IR” jZP(0)Ph XIX 89 hk- 69 - I I62 I170 n.d. 165 ?‘)(I 74 
_ -___- ~. -___ _ - 

“ R, = C$‘&H,O, R,‘=C’JiI OCF( CF, )(-I:, ],C,H,O, R, 1 C,I:,/ O(‘F((‘F,i(‘F,I,(‘,,H.,O, R,“‘= C;I:,I O(‘f:(Ck j ](‘I / .(‘,.H.,O. 

(Cl : ICF~ 1 ,CI,H,O. R,” = -‘1 , ( F [ OCF( <‘F a I(:]:~ ],C,,H,O. R,’ = (‘,F,C‘,.H 0. 

” A I compoundh ~crr 2 994 pure hy Gc‘ araly\i\. 

’ Mtk~~lar wcighth of compounds I-VI wc~-e &termuwd in Cc Ii, , other\ in C,,I.,,. 

” Hvdrolytic stability evaluation< WCTC‘ carrir.l out in watw at It10 C for 74 h: the values given arc percent of darting matAll 

” ‘r~iermc)jir;tvimetri~: anal\i\eh were p~rl;wncii at I O”C!min in ‘; 

’ l!te cloud point !~BS determined on ‘111 one pt’rcent by wvci$r oiution 01 an addn~w m a $vc,l fuid. 

’ II .I. = not determmed. 

R ‘\ :L (’ , I ()(IF_ 
4 

T&II lie 2 

Th, pyrolyk data for phosph.ltes XIII and XL’ ” 
__~__ 

Phcyhate h Quantity Temperature I (‘1 Residue ‘ ( mg ) 

,ng I Imcrl 
_____ ___-- _-_____ -~ 

R ’ C,H,OP( 0) ( OC,H5) I XV iY7. I (1 132 300 I Y7.0 

R,’ C,H,OP(O) (O&H,), XV x3.x (‘I:; 313 IYl.6 

R.’ C,H,OPI 0) (OC,H,), XC 300.2 ( I .40 316 207.‘) 

i R “‘C,H,O )?P( 0 1 OC,H? XIII IYY.? ( I10 300 197.9 

( R “‘C,H,O 1 JP( 0 1 OC,,H, XIII N4.0 ( I3 316 198.2 

(R “‘C,H.,O )?P( 0 )OC,H, XII1 .312.0 ( 1% 343 203.7 
_..._~ -- 

” ,411 of the pyroly\ea were performed m ev;u:uated ampule\ o\ ‘I 13 h 

hR “=C‘,F-[OCF(C~;,CF~,~,,.K,“‘=C;~~~~~~CF(CF;I~‘F~~: 

’ T iis materxtl ~,a\ involattle at room remp~rnture. 

” 71112 percent ot startin, (7 material rccovcred is riven with rcspe i 10 the quantit\ (11 \tartins ma~wal uwd 

” Room tcmpel-ature volatile\ conJen\;thlc al IYh”C. 

phosphates and phosphonates, compounds XVI-X IX. wcrc 
soluble in perfluoropolyalkylether fluids at room temperature. 
Tt I: lowest cloud point ( - 75“C ) m as exhibited. as expected, 
by (n-C,F,,C,H,O) ,P( 0 )OC,H,. On the other h;tnd. these 
m~lterials exhibited low volatility and were fully el‘ft’ctivc in 
ar! esting the thermal oxidutive degradation of peg fluoropo- 
ly;dkylether fluids in the presence of metals 17 1 Thus. in 
particular compound XIX alone or in combination with its 
di!,ster. offer additives for use in perfluoropoly Ilkylethet 

derived greases. Mixtures of ( A‘,F17ChH40 ),P( O)OC,,H, 
and n-C,F,,C,H,OP( 0) (OC,H, jOH were found to be sol- 
uble in poly(chlorotrifluoroethylene I fluids and to function 
as rust-preventing agents [ 8 1. 

Phosphates: C7F7[ OCF( CF;)CF;_ ],,C,H,OP(O) ( OC,,H,), 
(XV) and IC,F,[OCF(CI-‘,)(‘l;,I,C,H.,Oj~P(0)0(7,,H, 
( XIII ) were essentially stable at 4 I h’C as shown by the data 
given in Table 3. Based on the volatiles formed and starting 
materials recovery it would appearthat XV is somewhat more 



stable than XIII. It is of interest that both the<z materials were 
fully effective in arresting thermal oxidati\e degradation ol 
perfluoropolyalkylether fluids at 330°C over a 24-h period 

[7.9-l 1 I. 

3. Experimental details 

Operations involving moisture or air sensitive materials 
were carried out either in an inert atmosphere enclosure (Vac- 
uum Atmospheres Model HE-93BO) under nitrogen bypass 
or using vacuum line techniques. 

All melting points are uncorrected and were determined in 
evacuated sealed capillaries. Infrared spectra were recorded 
neat (on liquids) and as double mulls ( Kel-F oil No. IO and 
Nujol) on solids using a Perkin-Elmer infrared spectropho- 
tometer Model 1330. The mass spectrometric, ( MS ) analyse\ 
were obtained employing a Du Pont 2 I -49 1 B douhle focusing 
mass spectrometer attached to a Varian A,::rogmph Model 
2700 gas chromatograph, equipped with a ilame ionization 
detector and a Du Pont 2 I-094 data acquisition and proces\- 
ing system. The majority of product mixture identifications 
were performed using combined gas chrom,ltography/mas:, 
spectrometry ( GC/MS), Gas chromatography (GC) was 
conducted employing a 10 ft X l/8 in. stainlc.as steel column 
packed with 4% OV- IO I on 80/ IO0 mesh Chromosorb G 01 

a 3 ft X I /8 in. stainless steel column packed v,,ith 3%’ Dexsil 
300 on lOO/ 120 mesh Chromosorb WAW. liking a program- 
ming rate of 8”C/min from SO-300°C. M(~lccular weights 
were determined in hexafluorobenzenc uxill,g a Mechrolah 
Model 302 vapor pressure osmometer. Thermal gravimetric 
analyses (TGA ) were carried out in nitroget at lO”C/min. 

3.2. Fluids 

Poly( hexafluoropropene oxide) fluid. Fr CF( CF j ) - 
CF,O),,C,F,, Krytox 143AC product of Du Pont was 
obtained from US Air Force: Demnum S- IOO--[ CF,-- 
CF,CF,O],,--was received from Daikin and Fomhlin %25--- 
(CF,O) ,( CFICF,O) ,.-was received from Ausimont LISA. 

Under nitrogen bypass. to diethyl ether i ZOO ml) and II- 
butyllithium (36 ml. 2.5 M in hexanes, 90.0 mmol ) at - I5 ‘C 
was added C3F,I OCF( CF, )CF,JsC,H,Br (57.5 g. 60.9 
mmol) admixed with diethyl ether ( I5 ml ), in er a period of’ 
1.25 h. After stirring for an additional 1 h at 15°C the cold 
solution was added over a I-h period to a solution of trimethyl 
borate ( 32.8 g, 316 mmol: distilled over sodium ) in diethyl 
ether (200 ml ) at - 15°C. After 2 h stirring. acetic acid ( 20 
g. 0.3 mol) was introduced. and the solution was stirred for 
an additional 0.75 h. Hydrogen peroxide ( 30’:. 47 ml in H,O 

47 ml ) was then added at 15°C and. after warming to room 
temperature, the reaction mixture was stirred overnight. Fol- 
lowing addition of water ( 250 ml), the organic layer was 
washed with ferrous sulfate solution ( 30 g FeSO, .7H@, 17 
ml concentrated hydrochloric acid, 30 ml H,O). water. and 
dried over anhydrous MgSU,. 

After solvent removal. the crude product (5 1.7 g, 97.4% 
yield) wac purified hy silica gel column chromatography 
( 150 g, 3.0 cm X 44 cm. packed in 5% etherihexanes). Elu- 
tion using ether/hexanes 5% (535 ml). 10% C 150 ml). 20% 
(50 ml) and 50% (300 ml ) resulted in 4.4 g mainly of 
C,F,[ OCF( CF3)CF2 J ,C,,H., and 44.9 g (84.6% yield: GC 

purity 95% ) of’ C3F7j Oc’f’i CF$)CF, 1 ,C,H.,OH. The latter 
portion was distilled to give 40.6 g (76.4% yield: GC purity 
> 99%) of C,F,( OCF( Cl;, )(:‘I-:, ] &,HdOH, b.p. ‘:S-77’Ci 
0.00 I mm He. 

C,F,C,,H,OH. Yield. 72’;;: m.p. 97.-98°C. IR (Kel-F/ 
Nu,jolmull,cm’~:3350~vh~-.a): 1615 (m); 1602(m); l5lY 
lm): 1455 (m); 1410 (mi, 1370 (m): 134.5 (s): 1290 ~(6); 
1255(br.s);1200(b~-,VSI: 1180(s);1140(m): 1103i:s); 
1095 (s); 1020 (w);970! ~);940 (m): 830 (\); 750 (m): 
730 (w): 700 (VW); 650 (m); 600 (m). (IIF5ChHJOSi 
(CH,,, MS (70 eV, /)?!I‘ f relative intensity, ion) : 281 
( 6X.6%, M): 269 (base. M.- CH,) : 265 ( 12.4%. M-F) ; 7 I5 

( lX.X’i;, M-CF, 1: 145 ( I-1.?%. CF,C,H, ): 77 (27.‘7%. 
C&l,): 73 (30.7%, Si(CH,l <I. 

(‘,F,[ OCF( CF, )CF2 1 ,(‘,,H ,OH. Yield, 75%; b.p. 63- 
65’C/O,OOl mm Hg, IR (capillary film, cm ’ ): 3620 ( w ); 
33;1O(vbr,m): Ih20(mj: 1005(m); 1519(m); 1445(m): 
1335 (s): 1296 (s): 1235 (hr. s): 1200 (5); 1180 (s); I IS0 
(hr. s); II35 (m): 1070 I\:+;): 1030 (m); 1015 lw): ‘941 
lm):982(m):9SO(w):~)L’5 (ml:885 (m);X35 iin):: 
(ml:751 (m):745 (m~:7i~)(w~.MS(70cV)~?~lr(r~~la- 
tive intensity, ion): 593 I 7 7’;. M): 574 (3.3?:, M-HF,; 
243 ( 15.2%. C,F,C&OH: I ,z)i ( 13.0%‘. CZF,C‘,,H.,OH) ; I h’) 
( 17.6%. CiF,) ; 133 (base. G F,C,H30H ). 

(‘,F,[ OCF( CF,)CF, ] 3( ‘,,I-I.,OH. Yield. 76’s : b.p. .7S-- 
77”C/().OOl mm Hg. IR (c.apillary film. cm ’ i: 3619 (‘A;): 
3350 (vhr,m); 1616 (m): If)04 (m); IS19 (ml. I442 (w)); 
1312(s):1305(s);12901.~; 1235(br.vs): l2OO~s): 1176 
(s).Il4S(br,s):1105~~~: 1064(w);1030(w):991~s); 
980(s)~947(vw):923(nii;X86(m):837(ni):Xl0(rn); 
745 (m); 710 (w). MS t 70 cV) 1)7/e (relative intensity, 
ion ) : 760 ( 25.4%. M ) : 7-1 I ( 13. I %. M-F I : 409 ( 12.9%. 
M-C,F,OCF( C’F,)CF,O): :!43 ( 30.3%. (‘F( CF:>)CF&,- 
H&H ) : 193 (22.6% (‘,F,C,H,OH): I43 (hse. 
CF:C,HJ)H). 

c~~F?[OCF(CFICFII,C,,H,OH. Yield. 48%: b.p. X6-- 
88”C/O,OOl mm Hg. IR (c,ipillary film. cm ’ J: 3620 (w ): 
3350 (vbr.m): 1618 (m): I(301 (m): 1519 (ml: 1444(w): 
1330(s): 1305(s); 1287(\1: 1235(br,vs): 1200(s); 1176 
(j)_ 1140 (br, SJ: IO65 (u I 1032 (WJ: 993 (q;): 981 (\I: 
939(vw);922(m):888~ri1~:K38(m):8101mj:744(m~; 



710 (w). MS (70 eV) m/r (relative intensity, iim): 926 

(l-7.7%, M); 907 (13.2%. M-F); 906 (7.0%. M-HI:); 335 
( l3%, C?F,OCF(CF,)CF,); 243 (27.7%. C,F,C,.,H,OH); 
193 (l&8%, C,F,C,H,OH); 169 (62.2%‘, C?F,); I-C3 (base. 

CF,C,H,OH). 
(_y.1F7[ OCF( CF,)CF,] ,C,H,OH. Yield, 62%; t;.p. 1 1 X- 

120”C/0.001 mm Hg. IR (capillary film. cm ’ ) : 37 IS (w) : 
33tiO(Vbr,m); 1617(m):1604(m). 1520(m); lJ36(w): 
13.;4(s), 1309(s);1292(s); 123Sibr.v~); 1200(s). 1180 
(s:;ll45(br,s);1069(w);1034~u);98S(s1:9:~O(vw): 
93:; (m);889(m):839(m);XlO(m);746(m);’~ll (w). 
MS (70 eV) m/r (relative intensity. ion): 95.: (9.3%, 
M-C,F,OCF(CF,)-HF): 807 (3.1%. CFI(OCF(CFI)- 
CF,),C,H,OH); 641 (4.9%. C’F>(OCF, CF;)(:F1) ,C,- 
H,0H); 409 (6.6%, CF(CF,)CFIOCF( CF, ,CF,C,,H,OH ); 
331; (26.4%, C,F,OCF( CF,)CF,): 243 ( 23.9’~~ C,F,- 
C,H,OH) ; 143 ( 87.8%) CF,C,H,OH ) ; 69 ( base. C?- i ). 

,I-C,F,.C,H,OH. Yield, 95%: m.p. 74-75°C. IR ( Kel-F/ 

Nujol mull, cm ). _ _ _ ’ 1350 (vbr, x); 1613 (m): 1601 (m); 
lS’7(m):l450(m); 1369(m): 1330(w); 1299~~n~:l200 
(br. s): 1148 (s): 1134 (m); 1 II7 cm); 1102 (PI I: 1090 
(m); 1049 (VW); 1028 (VW): 101.3 (VW); 954 (\I ): 935 
(WI; 868 (VW); 838 (m): 800 (~‘1. 730 (w); 7(10 (VW). 
MS (70 eV) m/e (relative intensity, ion ) : 5 12 ( 20 Z’/c. M ) : 
4911 (17.2%, M-F); 492 (29.6%. M-HF); 173 (X1.5’%. 
C,I :&H,O) ; 143 (base, CF,C,H.,OH) 

In an inert atmosphere enclosure into a stirred ~c~lution ot 
CJ,[OCF(CF,)CF,]&H,OH (40.09 g. 52.73 mrnol) and 
C&l,OP( O)CI, (5.70 g, 27.02 mmol ) in Freon- I 13 C 140 
ml I and benzene (25 ml) was added triethylamine ( 10.7 g. 
0.1 OS mol ) in benzene (35 ml) over a period of I .S h. Stirring 
at room temperature was continued for an additional 0.5 h. 
then the reaction mixture was heated at 65°C under nitrogen 
bypass for 44 h. After cooling, the precipitated trietl~ylaminc 
hyclrochloride (7.4 g) was filtered off and rinsed wi’ h Freon- 
I 13. The product (44.0 g), obtained after solvent removal in 
va( uo, was purified by a silica gel chromatopraph! ( 200 p, 
5.3 ,:rn X 3 cm. packed in 10% diethyl Iether/hexanes Elution 
way carried out with IO% (360 ml). 20% (200 nil), 75%. 
( 100 ml). and 30% (600 ml) of diethyl ether/hexanes. No 
phosphate was present in the first 660 ml. the nexL hO0 ml 
gal e clear, colorless liquid (37.7 g ), which was further puri- 
fied by subliming out the remaining Impurities at X5 -90°C. 
This resulted in 35.8 g (82%’ yield) of (C;F;I OCF(CF,)- 
CF.],C,H,O)zP(0)OC,H, (CiC purity > 99’4 1. 

3.6. (p-R&,H40),_~ ,P(OJ (OC,,H,I, I:IIL~ 

(pK,C,H,O),__ ,P(O) (C,H,), IR and >zrlS duttr 

( ‘,F,C,H,OP( 0) (OC,H, ) 1 ( I 1. IR (capillary film. 
cm -‘):3075(br,w); l610(m);lS91 (m): 1513(m);l490 

(s): 1460 (VW): 1420 (VW): 1344 (wj: 1317 (m): 1290 

(s): 1200 (br, vs): 1097 (SI; 1071 (w); 1027 (m); 1011 
cm);960(br,vs);904(~);844 (m);788 (m):765 (m): 
754(m);719 (vw):689(m):645 (w).MS (relativeinten- 
sity, ion) /n/c (70 eV): 444 (74.8’6. M); 443 (S6.2%, M- 
H); 375 c 8.X%, M-CFI ): 35 I (6.24, M-OC,H,): 233 
(9.4%; M--OC6H,C2F,) ; 2 19 ( 23 2%. C,F,C,H,OPO ) : 205 
( 15%. CF,C,H,OPO,) ; 77 (base. C,H,). 

C,F&H,OP( 0) (C,HS): ( II ). IR ( Kel-F/Nujol mull, 
cm ‘): 3052 (m); 1611 (m); 1595 (w): 1514 (m): 1489 
(VW); 1442 (m); 1420 (VW); 1304 (VW): 1345 (m); 1345 
(m); 1317 (1:~): 1291 (m); 1233 i\); 1219 (s): I196 (s); 
1180(m): 1151 (m): 1137(m); II05 (s); 1074(w): 1037 
(w);1000(vw):976(m);955(\+):914(s);857(m):849 
(m); 779 (ni); 757 (m); 741 (nl): 730 (m); 695 (m); 
644 (m). MS (relative intensity. ion) nlle (70 eV i: 412 
,63.4%. M); 411 (67.1%, bl-H,: 393 (5.3%. M--F,: 201 
! base. WOC,H,C,F,): 173 I C,I-;;<‘,H,O); 171 i 13.7’lc>, 
(-‘,F,C,H,O). 

(C,F,C,H,) IPOC,H, (III). IR ( capillary film. cm ’ ): 
3075 (br,w); 1610(s): 1593 (m): 1510(s); 1490(a): I358 
I VW); 1420 (w); 1340 (m): 1320 is!; 1289 (s): 1305 (hr, 
vs); 1171 (sl: 1149 is); 1097 (:,I: 1022 (m): 1009 (m); 
960 (br, is): 840 is); 789 I mj: 764 (m): 746 (rni: 720 
I w ) : 6X7 ( m ) : 644 (m). MS (relative intensity, ion I ttde 
f 7OeV 1: 562 (9X.370, M): 543 ( 10.9%, M-F): 493 (3 I .5’7r. 
I/I-CT, ) : 3.5 I ( 14.0%; M-C$<C,H,O) ; 2 12 ( 25.0%. 
(-‘,F,C,H,OH ) ; 143 ( 26.8%. (‘I;$?,H,OH’) ; 77 ( base. 

C,,H,). 
(CIF,C,H,O) ,PO (IV ). IR ( Kel-F/Nujol mull. cm ’ ): 

3120 (VW); 3080 (VW); 1610 (m); 1509 (s); 1420 (u); 
1348 (m); 1315 (s): 1304 ($1; 13X9 (s); 124X (w): 1207 
(br, vs); 1172 (s): 1148 cm); 1097 (a); 1020 (w): 9X7 
1tn):969is):96O(s);938(a):92S(m);840(s).X2X(u): 
790 (w); 768 (VW); 749 (m); 728 I VW): 717 (vw,~: 650 
( m) MS ( relative intensity, ion ) ttt !c ( 70 eV) : 6 I I ( 77.9%. 
M-CF,,: 469 ( 16.4%. M-OC,,H,(:#,); 450 ( 1X.5%.. M- 
OC,H,C,l:<-F): 399 (20.0%. M-OC,,H&FS-CF,- H j : 27 I 
( 74.2. C:$‘,C,H,OPO,) ; 205 ( 39. I ‘$1 CF&,H,OPO, ) ; 1 X9 
( 5 1.5%. C’F,C,H,JOPO): 145 ( base, C’F,C,H, I, 

C,F,[ 0CF(CF,)CF2],C,H,0P( OJ (OCbHS)I (V). IR 
( capillary film, cm- ‘):3075(br,w): 1610(m); 1592 (m); 
IS12 (in); 1491 (m): 1359 (vwl. 1320 (VW); 1331 (m); 
I.300 (s); 12X7 (s): 1238 (br, 5): 1200 (s); 1162 (s); 1130 
cm): 1115 (m): 1069(w): 1037 im); lOlO( (m): 
968 (br. s): 925 (m): 890 (m): X10 (m); 810 (VW,: 7X0 
( m I; 75 1 ( m); 705 (VW); 689 ( rn 1. MS ( relative intensity, 
ion) m/e (70 eV): 826 (65.4%. hI); 825 (33.8%. !v-H); 
X07 ( 1 I.h%. 1LI-F): 475 ( 10.0’::. M-C,3F70CF(CF,)- 
CF,O); 375 (base. M--C,F,OCF( CF, )CF,OCF( CF,) ): 1.13 
( 17.8%. OP( OC,H,),). 

C,F,IOCF(CE‘,)CF2],C,H,0P(O~ (C,Hj), (VI). IR 
(Kel-F/Nujolmullcm -‘):3060(w): 1610(m): IS95 (w): 
1514 cm); 1488 (VW): 1441 (ml: I-C20 (VW); 13.35 (m): 
1309 (m): 1288 (s); 1236 (vs): l.ZJI (vs); 1210 (s); 1 IX0 
(s):1160(br.s):1135(s):1117~~):1102(m);1067~u): 



1036 (VW); 1020 (vw):YYS (m);983 (mj.YS9 (vw);Y17 
(s): 893 (w); 858 (m): 840 (w); 807 (VW 1: 750 (mj; 731 
(m); 710 (w); 695. MS (relative intend!. ion) r?~/r (70 
eV): 794 (22.6%, M); 793 t21.1%. M-H): 343 (11.0%. 
CF,C,H,OPO(C,H,),); 201 (base, OPI (‘(hHT)z~: 16Y 
( 17.1. C,F,); 143 ( 13.5%. CF-J,H,OH). 

[ C,F,(OCF(CF,)CF,j,C,H,OIIP(0)OC,H, (VII). IR 
(capillaryfilm,cm~~‘):3080(br,vwj: 1610(m); lSW(mj; 
1510 (m); 1491 (m); 1420 (w): 1332 (s): 1304 (sl: 128.5 
(s); 1235 (br, vs); I200 (SI: 1160 (br. s!: I130 (s): II IO 
(s): 1068 (w); 1034 (w): 1009 (w).9Y2 !a);975 1br.s). 
924(m);8YO(m);840(m):Xl0(vw~;7Xl~w~;760~\y~; 
750 (m); 742 (m); 705 (w); 687 (w): 672 (VW). MS 
(relative intensity. ion) m/e (70 eV 1: I 126 (30.7, M): 
1207 (16.5%:. M-CIF,): 1041 (15.8%. M--(‘;F,OCFCl;;): 
975 ( 17.0’%, M-C,F,OCF( CF,)CF,O) : X75 ( 73.W 
MM-C,F,OCF( CF,) CF,OCFCFI) : 2 I:! i 3!,.3r/;. CFJ?F,- 
C,H,OH); 205 (lS.5%, CF2C,,H,0P0,): 18Y (12.2%. 
CF,C,H,OPO) ; 69 ( base, CF i ) 

[C,F,[OCF(CF~jCF,~,C‘,,l-I,0]2P(0)C, tf, (VIII). IR 
(capillary film, cm ‘): 3070 (VW): 1610 (1~1): lSY8 (w): 
IS10 (m); 1444 (w); 1420 (w): 1334 ($1: 1786 (\I; 1235 
(br, vsj; 1205 (s); 1171 (s): I150 (s); 113) (s): 1 II6 (5): 
1105(s);1068(w):10.33(\y’,:1017(w~;c,Y~(si:c)81 (s): 

922 (br, s): 890 (m): 840 (m): 810 (w). 775 (w): 762 
(VW): 745 (m): 729 (vw);?O5 (w); 692 (w). MS (relative 
intensity, ion) ~J/P (70 eV I: 1310 (35 f/%,. M ): I 191 
( 17.6%. M-&F, ); 1025 (M-C,F,OCFCF I: 959 ( 18.0%. 
M-C?F,OCF( CFI)CF20): 859 (82.4cir. M-C,F,O(‘F- 
(CF,)CF,OCFCF,); 3.35 i 13.6%. (11F70(‘F(CFi)CE-,): 
385 (27.0%/o, C,F,OCFCF,): 204 (56.ST. (‘F*,C,,H-;OPO, ): 
69 (base, CF3). 

C~F:[OCF(CF~)CF2],C,H.,0P(Oj (C,l-f,), (IX,. IR 
(Capillary film, cm-‘): 3058 (w); I610 (m): IS92 (w): 
1.510 (mi; 1484 (VW): 1440 (m); 1418 (VW): 1330 (s): 
1304(s): 1286(s): 123S(br.vs); 1200(s) 1173(a): 1141 
(s): 1130 (s); II 10 (s); 1065 (w): IO.11 I w): 1013 (w,: 
991 (sj;980(s);950(vw):9lO(br,c~:88~~~m);83O(m~: 
807 ( IV) ; 740 (m ) ; 729 ( m ) ; 692 (m). MS ( relati\ t‘ intcn-- 
sity. ion) ~n/r (70 eV): I I26 (66.5’7,. M 1. 1125 (52.4%. 
M-H); 1107 (17.5%‘. M-F): 1057 (7.W. M-CF,): 333 
( 14.0% M-CzF,[ OCF(CF,)CF,],OCFCI > t; 301 (bajc. 
PO(C,H,)z); 169 (24.9.C,F,); 69 (42.2% CT,,. 

IC,F,[OCF(CF,)CF2],C,1f,0],P(0)C,Hi (X). IR 
( capillary film, cm ~~‘~7060(br.vw): 1609 t-11); 1595(w): _ 
1510 (mj: 1441 (VW): 1419 (VW): Ii30 I \): 1305 (<): 
1285 (s); 1235 (br,vs): 1200(s): 1170(s): 1112 (br,s): 
1065 (w); 1032 (w); 1015 (w,):991 (s):Y’<l (x):Y2O(hr. 
mj; 889 (wj; 840 (m): 806 (w); 743 cm : 6W (tv). MS 
(relative intensity. ion) nr!c, (70 eV ): 1191 (57.7%. 

M-C,F,[ OCF(CF,jCF,],OCFCF,); 1049 ( 1.6% 1 M-C& 
[OCF(CF,)CF,],C,,H,O); 926 (4.6%. C‘.F:IOCF(CF;,- 
CF,],C,H,OH); 285 (24.5%. C,F,OCFCF j: 204 ( IX.X’i;. 
CF,C,H,OPOI) : 169 ( 53.8%. C,F,) ; 69 ( b;~sc. CF, ), 

C,F,[OCF(CF,)CF,],C,H,OP (0) (O( ,,H,), (XI). IR 
(capillaryfilm.cm- I):3071 (br.w): I610 m); ISYI (m): 

IS12 !m): 1490 (s); 145X I VW); 1420 (VH ); 1300 (br. s): 
1240 (br. vs); 1200 (br. \i‘i 1: I IS0 (br, s); IO69 (w); 1028 
(m); 1010 (ml: 975 (br. 51: 925 (m); 890 (m): 841 (m): 
809 (w). 783 (m), 752 im); 712 (VW); 689 (m). MS 
(relative intensity, ion) u/i’ (70 eV): 1158 (71.7%. M): 
1 I39 ( 12.8%. M-F): 103’) ( I8.3%, M-C,F,,I: 873 (15.8%. 
M---C,F,OCFCF,): 375 ( base, CF,C,H,OP( 0) (O&H,),); 
23.1 (16.1%. P(O) (O(‘,,H,I~); IXX (33.0%. CF,C,- 
H,OPO). 

[C,F,IOCF(CF,)CF,],(‘,,H,017P(0)OC,H, (XII). IR 
( capillary film. cm ‘):30”70~hr.vw):1606(m):1591 (m): 
1508 (ml: 1489 (m); 131X (w); 1300 (5); I?84 (s); 123.5 

(br. vsj: 1200 (s); I I70 I \I: II44 (br. s); 1065 (w); 1031 
(u); 980 (br. 5): 921 (m). X88 (m); 83Y (m); 806 (WI: 
781 (w): 742 (m): 710 (VW): 686 (w). MS (rehti\Jc 
intensity. ion ) JIJIP (‘70 eV); 1207 (Y9.5%, M- 
C&[ OCF( CF,)CF?] ,O(‘l-Cl’,): 1065 (.3.0%. M-C& 
[ OCF(CF,)CFI],lC~,~f.,O I: 3.35 ( 11.1%. (‘&O<‘F( Cl-:, )- 
Cf.,): 301 ( 17.0%. CF,C’,,ll,OP(O)OC,Hi); 212 (24.5%. 
C,F,C,H,OH); 145 (31.:1%. CF,C,,H,): 133 (30.1%. 
CF IC,,H.,OH ) : 69 ( base. ( ‘P j ). 

ICiF7[OCF(CF;)CFJI (‘,,tf,O],P(O)OC,,H, (XIII).IR 
( capillary film. cm ‘~~iOXli(hr.w);1606(111): 1590(m); I, . 
IS08 (m): 1489 (m): l4Sj I vu.) 1417 (w): 1330 !sj; 1305 
( s ) : I284 (s) : l33S ( br. 1~‘; I : 1200 (hr. vs) ; I 170 ( br. ‘$5 ) : 
1134 (br,\,s): llOJ(s). 1007 IW). 1031 rwj.978 (br. \). 
02.1 ( m 1, X90 ( tn). 830 ( II-I I. SO9 ( w ). 784 ( L\ ), 755 ( 111). 
710 (w). 689 (w). 644 (\h 1. MS (relotivc intensity. ion) 
W/C, (70 eV): IO-II (hZ.N’k. M-C,F;IO(l~(CF,)C~,ll- 
OCFCF,): 918 (5 I. 1%. 1 (‘ F~-I OCF( C’F,)CF;] ,C,H,OPF- 
(O)OC,~1, ); X99 ( 18.7C,. I C1F7[WF( CI:, ,CFI],C,,tf,- 

OP(OjOC,H,): 740 177 IV. IC1~,IC)(IFICF,)C~,I),- 

C,HJ>): 62 1 (22.3%. CT LK’FCFZCF,[ O(‘I;I CF,)CF.:] ‘- 
C&O); 301 (74.4%. (.‘I;,C,H,OP(O)OC,H,); 223 
( 8?.3!/r. CF,CF=CFC,H.,O 1: hY ( base. CF:). 

I C;F,[ OCF(CFI)C’F,] .(‘,,H,0J2P(0)C,.Hi (XIV ). Ir 
(capillary film. cm ’ ) : .X)70 I hr. w ) : 16Oh I m ) ; I593 (m ) : 
IS08 (s): 1440 (w); l3l? l \;z ): 1330 (\): 130s (s): 12x0 
~si:1.?35~br.vs~:1200(~1. II6X(s);l131 (s): 11271<); 

1100 (s): 1063 (w): 1030 (rn): 1014 (wi; 990 (s): 9x0 
~s~;Y20(br,s~;88Y(m):~30(m);807(~~;754im);726 
(vw!:710 (~);691 (w):N2 (w). MS (rclativeintensity. 
ion) /n/t, (70 eV): 1025 161.6%. M-C,Fi[OCF(CF3)- 
CF, 1 :OCFCF, ) :902 ( 19.S%. C,F, [ Oc’F( CT, )CF, 1 ?C,,H,- 

OPF( Oj(:,H,); 883 ( 10.0’~. C,F,I O(‘F( CF, )CF?] $T,,H_,- 
OP(O)C,.H,): 740 ( 11 I’+, C;F,[ owl CF,)CF, 1 :- 

C,l-i,(I); 355 ( 27.9%. C,F (‘,H,PF( O)C’,Hi): 3X5 (89.2’1. 
CF:C,H,OP( O)C‘,H, I: II ‘1 (7 1.6%. CF>(‘,,H.,OH); 6Y 
( base, CT’,), 

(‘;F;I OCF( CF;iCF,I,(.‘,.H,OP(O) (OC,,H, ): (XV). IR 
(c;ipillary film, cm ‘): 3WO (br, w): 1608 (m ): I590 (In): 
IS10 (m); 1490 (m); 145.’ t VW); 1417 (vu); 130.5 (br. s): 
1240 (br. vs); 1200 (br. \b I I40 (br, s); 1069 (w): 1028 
(m): 081 (br, s): Y25 (m) XYI (w); X32 (it,): X09 (‘\v): 
750 ( m); 7 IS ( vw); 690 i 111 ). MS (relative intensity, ion j 
I?J/P (70 ev): 1039 (I 10.8%. CF,(OCF(CF, ICF~],C,,H.,- 



01’(O) (O&H,):); 1038 (28.4%, CF,[OCF(CF3)CF,],- 

C,H,OP(O) (OC,H,)2): 873 (32.8%. CF,[OCF(CF:)- 
Cl’~l&,H,OP(O) (OC,H,)?); 707 ( 18.0%. (‘F?[OCF- 

((‘F~)CF~lGJWP(O) (OC,J$)z); 541 ( 10.1%. 

CJ;20CF(CF,)CF,C,H,0P(0) (O&H,),,; 475 ( 14.5%. 
CJ,( CF3)CF,C,H,0P( 0) ( OC,,Hi) ?); 375 191.0?%. 

CJT2C,H,0P(0) IOC,H,),); 233 (15.8%. PO(OC’,H,)l,: 
69 (base. CF,). 

rz-C,F,,C,H,OP(O) (C,H,), (XVI). IR (Kel-F/Nujol 
mull, cm-‘): 3052 (w); 1610 (m): 1590 (w): ISI I im): 

1410 (m); 1420 (VW); 1370 (w); 1325 (w): 1312 (VW): 

1298 (m): 1230 (s); 1198 (s): 11’77 (m); 1150 : s): 1 I I3 

(m); 1102 (ml; 1090 (w); 104% (w); 1027 (,v); 1017 

(cw);997(vw);968(w):956(w~;~;939(w);91~’~s):848 

(nl); 831 (VW); 81.5 (w): 800 (cw); 751 (m); 730 (m): 
700 (m); 655 (w’); 629 (w). MS (relative intenhity. ion) 

PI, e (70 eV): 712 (32.8%. M); 693 (S.Y%. M-F): 219 

(11.4%, C,F,,): 201 (base. P(0) (C,H,),): 142 I 10.3%. 

Cl:&F,); 143 ( 13.7%. CF&H,OH). 

I n-CxF,,C6H,0)2P( O)C,H, ( XVIl). IR (Kel-J;/Nujol 
mllll, cm ‘): 3060 (w); 1608 (m): 1594 (m); 1510 (ml; 
1386 (w); 1441 (w): 1416 (w): 1370 (w); 1320 (VW); 

1207 (m); 1260 (s): 1223 (a): 1200 (s): II71 (In): I IS0 

(s); 1133 (m); 1115 (w); 1102 (w); 1090 (w): 1039 (w); 

1028 (w); 1017 (VW); 958 (w); 937 (m); 919 I tn): 861 

(v );850(vw):834(vw):815 (vw);764 (VW); 750(w). 
728(vw);712(vw):691 (w):6SO(m).MS(relaii\~einten- 
sity, ion) m/e (70 eV): 1146 (92.2%. M); 114.C, 165.2%. 

Mu-H); 1127 (26.3%. M-F); 777 (79.3%, ht--C#,,); 
635 (,62.3%, C,F,,C,H,OP( 0 )C,H,); 2x5 I 29.0%, 

CI*,C,H,OP( 0)&H,); 204 f base, CF,C,,H,OPO1); I45 
(40.4%,, CF&H,). 

fl-C,F,,ChH,OP( 0) (O&H, ) 2 ( XVIII ) IR I Kel-F/ 
Nnjol mull, cm ~-I’): 3060 (w); 1611 (w): IS89 (m): IS1 1 

(m); 1485 (s); 14.58 (VW); 1420 (VW); 1370 (a); 1317 
(v ); 1288 (s); 1240 (br, s); 1 IYS (br, s); I179 5); 1144 

(s); 11 IS (m); 1106 (m); 1092 (m); 1071 (w); I050 (w); 

1071 (w): 1010 (s); 968 (br, s): 940 (m): 018 (bw): Y06 

(M ); 831 (m): 818 (m);780 (m): 770 (m,: 756 (w): 720 

(ni); 690 (m): 675 (w ); 657 ( m ). MS (relative intensity. 
ion) m/e (70 eV ) : 744 (base, M ) : 725 ( 8 I .4%, R;I--C,F,,) : 
2lY (21.1%. C,F,); 205 (19.9%, CF,C,,H,OPO,): 143 
(23.9%. CF,C,H,OH). 

I n-C,F,,C,H,0)2P(0)OC,H, (XIX). IR ( Kei-F/Nujol 
mull, cm--‘): 3080 (w); 1605 (m); 1.585 (m); 1507 (m): 

1484(m);1407(w);1367(m):1315(m):1305(m~:1281 

(w); 1200 (br, s): II70 (a): 1145 (s); 1115 (m): 1100 
im); 1090 (w): 1050 (w): 1025 (m): 1014 (m); 938 (m); 
Y6S (m):9SO(w);938 (m);K50 (m):782(m):758(nl): 
713 (w): 70.5 ( m). MS (relative intensity, ion) m/e (70 
eV): 993 ( 3.3%. M-C,F,); 79.7 I base, M-.C,F,, I: 670 
( 10.0%. C,F,,C,H,OP( 0 ) F:OC,,H,,) : 301 ( 27.0%, 
CF,C,H,OP( 0 )OC,H, ) : 2 I9 ( 2 1.6%. C,F,) ; 2 12 ( 74%, 
CzF,C,H,OH); 205 (26.3%. CF. C,H,OPO,): 189 ( ‘9.0%‘, 
CF&H,OPO). 
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