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The synthes is or various derivatives or pe ntafluorophenetole of the type C.FsOCH,C H, R is de
scribed. The R group was chlorin e, bromine, hydroxyl , pe ntafluorophenoxy , acetoxy, and trifluoro
acetoxy. 2-P entafluorophenoxy-l ,1, I-triflu.o roethane and 1,I-bis(pentafluorophenoxy)e thane were 
s imilarly synthes ized. A study was made of the behavior of these e thers toward pyrolysis, acids, and 
bases. In general, those e the rs containing ,B-hydrogen atoms give pentafluorophenol on pyrolysis. 
Some compounds, such as 2-pentafluorophenoxyethyl bromide, give rearranged products as well. 
Under basic conditions, cleavage to pentafluorophenol was observed with aqueous potassium hydrox
ide , whereas the use of solid potass ium hydroxide pellets gives dehydrohalogenated products. Con
centrated s ulfuric acid causes cleavage of most of the e thers employed. 2-Pentatluorophenoxy-l,I,I
triAuoroethane resists attack both by acids and bases. 

The synthes is and polymerization or two new vinyl monomers, pentaAuorophenyl vinyl ether and 
1,2-difluorovinyl pentaAuorophenyl ether, are also presented. 

Key Word s: Ethers, pentaAuorophenyl , pentaAuorophenoxy, alkyl, vinyl, diAuorovinyl, polymer
ization , and pyrolys is. 

1. Introduction 

In a previous report [1),2 we have described the 
synthesis and polymerization of phenyl trifluorovinyl 
ether and pentafluorophenyl trifluorovinyl ether. Al
though these low molecular weight polymers were 
not exceptionally stable thermally, the complex mech
anism by which these polym ers decompose was of 
interest- To aid in the elucidation of this decomposi
tion, two new monomers were synthesized - (1) penta
f1uorophenyl vinyl e ther and (2) 1,2-difluorovinyl 
pentafluorophenyl ether. The pyrolysis of these 
polymers, along with that of model compounds, 
would yield information regarding the relative ease 
with which hydrogen fluoride or pentafluorophenol 
(probable breakdown products) are removed from 
various positions in the polymer chain as the possible 
first step leading to degradation _ 

2. Pentafluorophenyl Alkyl Ethers 

The pe ntafluoroph enyl alkyl e thers were synthes ized 
as precursors to pe ntafluoroph e nyl vinyl etheL In 
the past, various derivatives of fluorinated ani soles 
[2-4] and phenetoles [3 , 5] have been prepared by 
the nucleo phili c alkoxide attack on hexafluorobe nze ne_ 
Similarly, we have 'synthesized 2-pentafluorophenoxy-l, 
l,l-trifluoroethane from hexafluorobenzene and sodium 
trifluoroe thoxide usin g tetrahydrofuran as the solvent. 
In an attempt to pre pare 2-pentafluorophenoxyethyl 
bromide by this procedure, difficulties were encoun-

1 Based on research supported by the Bureau of Naval Weapons , Department of the 
Navy. Presented before the Division of Fluorine C hem istry a t the 148lh ACS Meeting, 
Chicago, tll. , Augu5I 1964. 

2 Figures in brackets indicate the litera ture references at the end of thi s paper. 
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tered in making the salt of 2-bromoethanoL Ap
parently, the salt readily decomposes to sodium 
bromide and ethyl e ne oxide_ However ,2-pe ntafluoro
phenoxyethyl bromide was conve ni en tly syn thesized 
by the reverse reaction, i_e_, from potassium penta
fluoroph e noxid e and 1,2-dibromoethane. This 
reaction was found to proceed more rapidly in N,N
dimethylformamide than in tetrahydrofuran _ In 
thi s reac tion , even though a large excess of dibromo
ethan e was employed, a fair amount of 1,2-bis(penta
fiu orop henoxy)e than e was always isolated_ By a 
similar reaction, attempts to prepare the isomeric 
I-bromo-l-pentafluorophe nox yethan e failed to yield 
any of this compound, only the l,l-bis(pentafluoro
phenoxy)ethane being isolated_ Apparently, when one 
pentafluorophenoxy group is attached to the carbon 
atom bearing the bromine atom, the re maining bro
mine atom is easily displaced by pentafluorophenoxide 
ion under the basic reac tion-condition s_ Th e fact 
that some free pentafluorophenol was obtained would 
see m to indicate that some of the pentafluorophenoxide 
was depleted, due to some dehydrohaloge nation 
reaction. 

In a like manner, 2-pentafluorophenoxyethyl c hloride 
was prepared from 1,2-dic hloroethane and potassium 
pentafiuorophenoxide_ Only the monochloro deriva
tive was obtained in this reaction_ 

2-Pentafluorophenoxyethanol was also synthes ized 
by this method from 2-bromoethanol and potassium 
pentafiuorophenoxide, except that, in thi s case, 
te trahydrofuran served satisfactorily as the reac tion 
medium_ This compound, 2-pentafluorophenoxy
ethanol, was recently [7] pre pared from hexafluoro
benzen e and e thylene glycol in th e presence of sodium 
hydroxide _ 



Both th e acetate and trifluoroacetate of 2-penta
fluorophenoxyethanol were prepared in high yield 
by r e fluxin g the alcohol and the appropriate anhydride 
for 1 hr. 

Since pentafluorophenoxide is considered a weak 
nucleophile [4, 6], the choice of either te trahydrofuran 
or N,N-dimethylformamide as the solvent for these 
reactions appears to depend on the relative activity 
of the halid e to be replaced_ For example, at 90 
°C in N,N-dimethylformamide, the reaction between 
pentafluorophenoxide and 1,2-dibromoethane is es
sentially complete in a few hours , whereas the yield 
of product on re fluxing in tetrahydrofuran for 18 hr 
was only 10 percent-

3. Pentafluorophenyl Vinyl Ether 

Phenyl vinyl ether [8-10] and pentachlorophenyl 
vinyl ether [11- 13] have been prepared previously, 
usually by the base-catalyzed addition of phenol or 
pentachlorophenol to acetylene. We have now ex
tended this reaction to pentafluorophenol. Penta
fluorophenyl vinyl ether can be prepared in 50 percent 
yield by this method. The reaction temperature was 
200 °C, and a fair excess of acetylene was used to con
trol the by-products, mainly 1,1-bis(pentafluorophe
noxy)ethane. Previously, methanol [11] and water 
[12] were the preferred solvents. To prevent possible 
exchange reactions between potassium pentafluoro
phenoxide and protonic solvents at high temperature, 
we have used N,N-dimethylacetamide for this reaction 
with equal success. 

Although the above method for the. synthesis of 
pentafluorophenyl vinyl ether was satisfactory, we 
have also investigated alternative methods of prepa
ration. These methods included dehydrohalogena
tion or cleavage of various substituted alkyl ethers by 
pyrolytic means or basic reagents, or both. These 
reactions also gave valuable information regarding 
the relative stability of the fluoroaryl ethers under 
these conditions. Furthermore, these compounds 
may serve as model compounds in studying the decom
position products obtained from the pyrolysis of the 
polymeric fluoroaryl vinyl ethers. 

4. Pyrolysis 

The pyrolysis of a number of these fluoroaryl ethers 
having various substituents on the alkyl side-chain 
was performed in a flow system using glass helices, 
charcoal pellets , or 20 percent potassium hydroxide
charcoal pellets as the column packing. Tempera
tures ranged from 400 to 600°C. Usually, atmospheric 
pressure was maintained, but in a few cases, the pyroly
sis was done under reduced pressure_ The conditions 
and the results of the pyrolyses of these pentafluoro
phenyl ethers are listed in table L For the most part, 
the pyrolyses appear to follow the paths as outlined 
in eqs 1 and 2. 

I> C"FsOH+CH:r-CHR 
C6F,- O-CH,-CH2 R --L 

> C"FsOCH= CH, + HR. 

(1) 

(2) 

In general, more pentafluorophenol than pentafluoro
phenyl vinyl ether was found in the pyrolyzates. The 
proportion of each compound appears to depend on 
the nature of the R group, as well as on the tempera
ture employed in the pyrolysis. At no time have 
these pyrolyses shown any definite trend in anyone 
direction, i.e., in preferred scission to pentafluoro
phenol (except where no l3-hydrogen atoms are present) 
or pentafluorophenyl vinyl ether. The distribution 
of products seems to indicate that random scissions 
occur according to eqs 1 and 2. The pyrolysis prod
ucts were further complicated by competing secondary 
reactions , which appeared to yield products which 
were simple addition products of the olefin formed 
from the initial pyrolysis, as shown in eqs 3 and 4 
(or various combinations thereof), 

R 
CH:r-CHR+C6FsOH-1 I 

-> C6F50CH-CH3 , 

C6F50CH=CH2 + HR -

(3) 

(4) 

This was especially evident in the case of the bromine 
derivative (table 1, R = Br). The large proportion 
of I-bromo-l-pentafluorophenoxyethane formed in 
this pyrolysis would seem to indicate that both types 
of reaction (eqs 3 and 4) had occurred. 

TABLE 1. Pyrolysis ojC"F5 0CH,C H,R 

H IVI Pac king" T emp Press IVI Products IYP C) 
reeovered 

. _----
If CO i! 

Br 3 A 500 760 L.5 37% C,F"OCHBrCH,; 19% C,F,OH ; 
15% C,;F,Of: H ~ CH,; 4% C,F,OCH,C H,Br : 

2% IC,Y,O),C HCH,. 
CI A 520 760 0.75 70% C,F,OCH,C H,Ci : 5% C,;F,OH : 

5% C,F,OCH ~ CH,: 1% C,;F,OCC IH CH". 
OAc 1.3 A 560 760 .9 35% C,F,OH : 20% C,F,OCH ~ CH,: 

15% CH:1CO::H: 20% 7- pruducls. 
OAc 1.3 A 600 0.8 1.0 75% C,Y-.OCH,C H,OAc: 10% C"f\ OH : 

3% C,f\ OCH '= CH,: 2% CH,C O, H. 
CF,CO, A 540 25 1.6 70% C,F .. ,OCH,C H,OAcF,: 

25% C,F,OI-l . Cf ,C O, H. C,F .. ,OCH ~CH,. 
OC,F, A 480 760 2.6 70% C,f ,OCH,CH,OC,F .. ,: 14% C,Y .. ,ofi. 
OH B 420 760 2.0 99% C,F,OH . 
OH B 300 760 1.2 99% C,f",OH . 
OH KH SO, 220 50 1.7 No reac tion. 

aKcy: A. glass helices: B. AI ~O;I pe llets. 
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At 500 °C, th e chlorine analog (table 1, R = Cl) is 
more stable than the bromine derivative , as a res ult, 
conversion was much lower. Howe ver, pentafluoro
phe nol and pentafluorophenyl vinyl ether were formed 
in approximately equal quantities , along with a trace 
of I-chloro-I-pentafluorophenoxyethane_ 

From the pyrolysis of the acetate (table 1, R = OAc), 
pentafluorophenol was u sually the main product , with 
lesser quantities of the pe ntaAuorophe nyl vin yl e the r 
and acetic acid, along with traces of five other products 
(unidentified)_ Whe n the acetate was pyrolyzed unde r 
reduced press ure a t differe nt te mperatures, no sig
nificant change in product di s tribution was observed, 
except that con ve rsions were lower. At the same pres
sure (0_8 mm), a ri se in the te mperature from 550 to 
600 °C simply increased the yield of pentaAuorophenol, 
so higher te mperatures were not furth er inves tiga ted _ 
At a higher pressure (25 mm) and 540 °C, the pyrolys is 
of the acetate gave essentially the same products as 
observed a t at mos ph eri c pressure and 560 °C Th e 
above acetate pyrolyses agree to so me ex te nt with 
those re ported for 2-phenoxyethyl acetate [1OJ- In 
our case, the yield of pentaAuorophenyl vinyl e th er is 
hi ghe r and probably r e Aec ts the in creased stability 
of the vinyl e the r due to the ring Auorine atoms_ As 
expected , no products were obtained which co uld be 
attributed to th e Claisen [I4J rearrangement- Although 
Ritchie [9] has reporte d be nzalde hyde as one of the 
breakdown products of 2-phenoxyethyl ace tate, we 
have been unable to iso late any pe ntaAuoro benzalde
hyde from th e pyrolysis of 2-pentaAuorophe noxyethyl 
acetate_ 

The pyrolysis of 2-pe ntaAuorophe nox ye th yl triAuoro
ace tate was expec te d to cause prefere ntial cleavage 
at the alkyl-trifluoroacetate bond , to yield pe ntaAuoro
phenyl vinyl e ther in greater quantity_ Actuall y, th e 
additional fluorin e atoms s tabilized the co mpound , in 

as much as only 30 p ercent conversion to products was 
obtained at 540 °C/25 mm press ure_ P entaAuoro
phenol , pentaAuorophenyl vinyl e ther, and triAuoro
acetic acid were formed in alm ost equal amounts. 
Since no selective cleavage was enco unte red, furth er 
pyrolyses of the acetates were not purs ue d. 

The pyrolysis of 2-pentaAuorophenoxyethanol (table 
1, R = OH) over alumina at 300 or 420 °C res ulted in 
th e formation o[ pentaAuoroph enol and acetaldehyde. 
No de hydration to pentafluorophenyl vinyl e ther was 
observed. Similar res ult s have been re ported [IOJ 
[or 2-phenoxyethano l. 

Potassium acid s ulfate at 220 °C failed to de hydra te 
the alcohol, and no product oth e r than 2-pentaAuoro
phe noxyethanol was recovered. 

In an attempt to explain some of th e foregoin g 
results , especiall y the formation of rearran ged pro
duc ts, some additional pyrolyses were performed on 
compounds containing the pe ntaAuorophe noxy group 
(table 2A). For co mparison, so me hydrocarbo n 
sampl es (ta ble 2B) were also includ ed . It was first 
belie ved that so me of th e products we re breakd own 
products of pentaAuorop he nyl vinyl e th er. However, 
thi s co mpound (table 2A, R = CH=CH 2) does not 
s how any appreciable deco mpos iti on until it is heated 
to 600 °C Similarly, it was thought that I ,I -bi s 

OCF .. 
I 

(pe ntaAuoroJlh e nox y)e than e (tabl e 2A, R =-CHC H:!), 
form ed from the pyrolysis of 2-pentaAuorophenoxy
e th yl bromide (table 1, R = Br), was produced by the 
addition of pentafluorophenol to pentaAuorophenyl 
vin yl ether (eq 4, R = C6F 50 -). However, the pyroly
sis of a 50 percent mixture of the two (tab le 2A, 
R = CH= CH2 and H) gave only s tar ting materials . 
Thi s mode of addition is not e ntirely without merit , 
s ince it was s ubseq ue ntly shown th at I ,I -bi s( pe nta-

T ABLE 2. Comparison of th.e pyroLyses of C,;F,OR and C"HsOR 

H Prod ucts 

CH=CH, 
CH= CH, 
CH., 
CH,C H, 

CH= CH, 
H 

OC,F" 
I 

~C I'I C I-h 
CI-I,C F" 

C I-I ,C F" 

CH,C I-h 
CH= CH, 
CH,C H, ilr 

g 
2 
2 
2 
2 

OS} 
1.0 
2.5 

I ~ 
25 

II 
II 
II 
II 

A 

II 

A 

B 

A 
II 
A 

~ All at atmospheric pressul e. 

A. Pyrolys is of C; F"ORa 

' C g 
500 1.7 90% C,F,OC H=C H,: 5% C,f'"OH 
600 1.6 60% C,f"OC H=C H,: 25% C,F'"OH 
525 1.6 95% C,F,OC H,,: 2% C,Y,O H 
525 1.4 60% C,F,OC H,CH,, : 25% C,F.,OH: 10% 

others 

525 1.6 50% C,;F,OCH= UI,: 50'7< CY,OH 

520 2.0 49% c'F-,O H: 49% C,F"OC H= CH,: 
2% (C,F.,O),CH~CH" 

500 1.S 80% C,F,OCH,CF,,: 5% C,F, OCH=C F,: 
5% 7- products 

460 2.5 100% C,F,OC H,C F" 

B_ Pyrolys is of C, H.,OR" 

525 
520 
400 

1.5 
1.6 

20 

9S'if c'JI,.,OCI-I,C I-I" 
60% C,H,OCH=CH,: 25% C"H,OI-1 
9S% C,H.,OCHBr-C H" 

h Key: A. glass helices: B, c harcoal pe llets. 
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OC6F5 
I 

fluoroph enoxy)ethane (table 2A, R = -CHCH3) decom-
poses almost quantitatively to pentafluorophenol and 
pentafluorophenyl vinyl etheL The high yield of 
olefin formed in this pyrolysis was similar to that 
obtained by Reppe [11 ] for · I,I-diethoxyethane_ 

The other rearranged product obtained from the 
pyrolysis of 2-pentafluorophenoxyethyl bromide 
(table 1, R = Br) was I-bromo-I-pentafluorophenoxy
ethane_ Simply, this compound may have been 
form ed as visualized in eqs 3 and 4_ As yet, this has 
not been proved expe rimentally_ The instability of 
a-halo ethers is well known_ Surprisingly, th e 
pyrolysis of 2-phenoxyethyl bromide (table 2B, R 
= CH2CH2Br) gave only the I-bromo-I-phenoxyethan e 
as the main product, similar to the behavior in th e 
fluorocarbon series . The two isome ri c bromides 
(hydrocarbon) differ greatly in chemical properti es 
and can readily be distinguished by thei r behavior 
with water at room tem perature . I -Bromo-I-phenoxy
ethane decomposes spontaneously into a red resinous 
product , with the lIberation of hydrogen bromide, 
b y the addition of a trace of water. On the other hand , 
the 2-bromo derivati ve has little tendency toward 
this type of reaction. In the fluorocarbon series, 1-
bromo-I-pe ntafluorophe noxye thane does not exhibit 
this readiness to react with water, unlik e th e hydro
carbon analog. However, on storage at 25°C in the 
dark for several weeks, the I-bromo-I-pe ntafluoro
phenoxyethane decomposes to a blackish mass. 
Unfortunately, I-bro mo-I-pen tafluoro phe noxye thane 
was not obtained in the pure state, so that its thermal 
stability has not been recorded. 

S. Discussion 

From the results of the pyrolysis of the fluoroaryl 
e th ers li s ted in table 1, some generalizations are 
apparent. In these cases, where the reaction path 
could have proceeded in two directions, i.e., according 
to eqs 1 and 2, pentafluorophenol was usually obtained 
in greater quantity. The conversion into products 
at the temperatures employed also serves as a measure 
of the thermal stability of the alkyl fluoroaryl ethers. 
The results in tables 1 and 2 indicate that the penta
fluorophenoxy group is a more effective leaving group 
when in competi tion with the other functional groups 
(R) shown. This effect appears to be associated with 
the number and activity of the f3-hydrogen atoms in 
the molecule. In the pyrolysis of 2-pentafluoro
phenoxy-I,I,I-trifluoroethane (table 2A, R = CH2CF3) 

(a compound containing only a-hydrogen atoms with 
no hydrogen atoms f3 to the oxygen atom), no cleavage 
to pentafluorophenol was observed, but only dehydro
fluorination to the olefin. Similarly, where the 
f3-hydrogen atoms are attached to a double bond, as 
in pentafluorophenyl vinyl ether (table 2A, R = CH 
=CH2), pentafluorophenol is formed at higher 
temperatures. However, pentafluorophenetole (table 

2, R= CH2CH3) contallllllg three f3-hydrogen atoms, 
yields pentafluorophenol at lower temperatures. 
Pentafluoroanisole also yields a trace of pentafluoro
phenol, even though no f3-hydrogen atoms are available 
(probably a bimolecular reaction, similar to that of 
anisole [15]). 

In the case of the isome ric bis(pentafluorophenoxy) 
e thanes (1,2 table 1, R = OC6F5 and 1,1 table 2A, 

OC6F5 

I 
R = - CHCH3), the position of the R group has a de-
cided effect on the course of pyrolysis. Each penta
fluorophenoxy group in the I-position has three 
available f3-hydroge n atoms for reaction, whereas, 
in the I ,2-derivative , each pentafluorophenoxy group 
has only two. On this basis , the I ,I-derivative would 
be the less stable. Also, the I,l-derivative is an acetal 
containing two bulky groups, a situation which is in 
itself conducive to thermal decomposition at lower 
temperatures. 

A considerable amount of data is available in the 
literature concerning the pyrolysis of e thers [9, 10, 
15, 16] , as well as of other types of compounds, such 
as esters, halides, and amides. The decomposition 
is for the most part considered to be unimolecular, 
and a cyclic mechanism was proposed [16]. Later 
work by Bailey [17 , 18] and others [19] has shown the 
cyclic process to be the preferred route. Bailey [18] 
views the pyrolysis of vi:lyl ethers to occur as follows: 

H CHo=CH-Et 
CHo-{-Et + 01 ~H --- 0 H ,,_... "" / 
CH=CH, CH-CH, 

(5) 

Certainly, a similar mechanism may be written for 
the fluoroaryl ethers, 

H 
CH,=C-R 

+ H 
o H 0 
",,'::::-F ~ F 

F~F~FOF 
"}--f F F 

(6) 

An alternative mechanism may be written for the 
fluoroaromatic ethers, as follows: 

C,F,-OH 

+ 
CHo=CHR 

(7) 

This is similar to the mechanism for the decomposition 
of alkyl halides proposed by Maccoll [20]. In thi s case, 
the pentafluorophenyl group is not involved in the 
transfer of electrons, thereby preserving aromaticity; 
but a four-membered ring supersedes the more-favored 
six-membered ring. At present, since both mech
anisms involve f3-hydrogen atoms, the products may 
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be explained by either. The fact that no fluorophenols 
> containing ring-hydrogen atoms were produced would 

indicate that hydrogen rather than fluorine migration 
occurs in eq 6, which is expected. The pyrolysis of 
a more varied group of ethers would be required in 
order to permit us to ascertain fully which mechanism 
in predominant. 

The mechanism for the pyrolysis of the aryl per
fluoroalkyl ethers is different from that reported here 
for the alkyl fluoroaryl ethers. Sheppard [21] has 
pyrolyzed a number of ethers (such as phenyl penta
fluoroethyl ether), and has found that one of the 

I primary pyrolytic products is biphenyl (not phenol). 
In these cases, cleavage occurs at the phenyl- oxygen 
link, not the alkyl-oxygen bond. The fact that fluoro
benzene was also reported as one of the products at 
higher temperatures (625 °C) would indicate that the 
mechanism(s) for the decomposition of the aryl 
perfluoroalkyl ethers are more complex than those of 
the decomposition of the alkyl fluoroaryl e ther type. 

6. Basic Reagents 

The reaction s of some alkyl fluoroaryl ethers with 
potassium hydroxide are li sted in table 3. These 
ethers could have reacted in any of se veral ways
(a) dehydrohalogenation to an olefin, (b) cleavage at 
the ether oxygen atom to a phenol, (c) attack on the 
ring fluorine atoms, or (d) various co mbinations of 
these . Information regarding the stability of these 
alkyl fluoroaryl e thers towards basic reagents may 
aid in elucidating the cleavage reaction found when 
pe ntafluoroanisole is treated with ammonia [4] or 
when the fluoro-dihydroxy co mpounds are obtained 
from the reaction of hexafluorobenzene with alcoholic 
potassium hydroxide [3]. From the limited number 
of reactions attempted, only the pentafluorophenoxy
ethyl bromide shows any reactivity below 200 °C. 

TABLE 3. Reaction o/C.;F,OR with some bases 

WI 
R Wt Base T e mp re('ov - Produc ts 

('rt,d 

I' I' 'c I' 
CI-I ,C I-I,Ilr 8.5 KOI-I (5) 180 3.5 86% C,F, OCI-I ,C I-I , Br. 

parafin oil (5) 14% C,f\ OI-l. 
CH,C H, B,' 3 KOH (5) 200 1.2 :iO% C,f",OCI-I,C H, Br. 

K,CO,( IO) 50% C,F,OCH= CI-I ,. 
CH,CH, Br 5 KOH (5) 100 4.0 62% C,f" OCH,C H, Br. 

H,O (20) 37% C,F,OH. 
CH,C H, Br 5 Co llidine 160 :1.0 83% C,F,OCH,CH, Br. 

16% C.Y ... OGI= CH ,. 
OC,F, 
I 

-C HCH, 0.4 KOH (I ) 100 0.3 No reaction. 
H,O (5) 

CH,C F, 8.5 KOI-I (5) 200 8.0 No reaction. 
K,CO, (10) 

CH,C F, 1.4 MgO (5) 150 1.3 No reaction. 
CH,C F" 20 20% KOH/charcoal 480 16 80% C,F,OCH,CF". 

15% C,F.,OCH= CF,. 
CH,CF, 2 20% KOH /charcoal 550 .. . . ... . . .. Decomposed. 
CF,CF,H 2 20% KOH /charcoal 550 ............ Decomposed. 

In this case, cleavage to pentafluorophenol is the main 
route, when potassium hydroxide and water (or paraffin 
oil) are used. Dehydrohalogenation was the preferred 
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course with solid potassium hydroxide pellets, yielding 
pentafluorophenyl vinyl ether. Similar results were 
obtained by Corley [22] with the latter reagent and with 
2-chloro-l,1,2-trifluoroethyl phenyl ether. Here again, 
as proposed earlier [4], it appears that aqueous, 
basic systems preferentially lead to aryl ether cleavage. 
All of the ethers, the synthesis of which is described 
in this article , along with those prepared previously 
[4] , were prepared in basic, nonaqueous solvents, 
and yet, little cleavage of the ether was observed. 

2-Pentafluorophenoxy-1,1,1-trifluoroethane (table 3, 
R = CH2CF 3) fail ed to react either with solid potassium 
hydroxide or magnesium oxide at 200 °C. Some olefin 
was formed by the use of 20 percent potassium hy
droxide mounted on c harcoal pellets at 480 0C. Higher 
temperatures decomposed the compound; this decom
position was also observed for 2-pentafluorophenoxy-
1,1,2,2-tetrafluoroethane (table 3, R = CF2-CF2H). 

The stability of 1,1-bis(pentafluorophenoxy)ethane 
toward aqueous potassium hydroxide was unexpec ted 
in view of the acidic hydrogen atom present because 
of the e ffect of the pentafluorophenoxy groups attached 
to the same carbon atom. This behavior toward 
aqueous bases is more analogous to that of such com
pounds as difluoromethyl e thyl e the r [23] or difluoro
meth yl phenyl ether [24J , rathe r than to that of an 
acetal. 

7. Reactions in Acid 

From the preceding sections, data were obtained 
regarding the stability of these flu oroaryl ethers under 
pyrolysis conditions or toward basic reagents. It was 
desired, therefore, to obtain data concerning their 
reactivity with sulfuric acid. P e ntafluoroanisole [3] 
was shown to be cleaved with hydriodic acid to penta
fluorophenol. Later, hydrobromic or aluminum chlo
ride [25] was also found effective for this reaction. 
Recently, Tatlow and coworkers [26] have shown that 
4-(trifluoromethyl)-2,3,5,6-tetrafluorophenetole cannot 
be cleaved preferentially without reaction at another 
part of the molecule [primarily due to the p-(trifluoro
methyl) group]. Most of the ethers listed in table 4 
are cleaved to pentafluorophenol under the reaction 
conditions. Only 2-pentafluorophenoxy-1,l,1-trifluoro
ethane (table 4, R = CH2CF 3) failed to yield any 
product. The stability of this compound is probably 
associated with the decrease in basicity of the oxygen 
linkage due to the added trifluoromethyl group. 
Cleavage of ethers by acids is usually preceded by 
oxonium salt formation. The fact that 1,1-bis(penta-

OC6F5 
I 

fluorophenoxy)ethane (table 4, R = - CHCH3) decom-
poses under these conditions is not surprising, since 
the trifluoromethyl group is a more effective electro
negative group than the pentafluorophenoxy group. 
As such, the lessening in oxygen basicity is not suf
ficient to prevent oxonium salt formation and eventual 
cleavage. 



TABLE 4 . Reaction ofC6 F50R with slIlfllric acid at 125°C 

CH,C H,Br 
CH,C F" 
CH,--{:H" 

R 

CH,C H,OH 

IVI 
IVI H,SO, recov· Products 

ered 

" fill " 
7 O.S 99% C,f\ OH. 
7 2.7 No reaction . 

10 3 .2 60% C,F"OH , 
40% C, F,OCH, CH". 

I.S SO% C,F,OH. 
SO% C,F,OCH,CH,OH. 

0 .3 ... .... Decomposed. some C;F:;OH. 

8. Polymerizations 

In an earlier report [1], the polymerization of phenyl 
and pentafluorophenyl 1,1,2-trifluorovinyl ethers was 
described, Usually, cationic or peroxide-initiated 
catalysis of the monomers gave little or no polymer. 
However, by the use of high pressure and y-irradiation 
[27], these monomers were converted into low mole
cular weight polymers (DP" ~ 4000). 

In line with the above results, 1,2-difluorovinyl 
pentafluorophenyl ether failed to yield any polymer 
with azobis(isobutyronitrile) (ABIN), Thermally (at 
no °C), it appears that only the dimer was formed, 
As yet, no high-pressure techniques have been 
employed in the polymerization of this monomer. 

Pentafluorophenyl vinyl ether appears to be a more 
reactive monomer. A white , solid polymer can be 
obtained from pentafluorophenyl vinyl ether in pentane 
solution by the use of boron trifluoride gas at -78°C. 
After 24 hr under these conditions, the conversion into 
polymer was 17 percent and the molecular weight 
(vapor pressure osmometer) was 10,000 (mp 75-
88 °C), Higher conversion (30%) and polymers 
having increased molecular weights (17,000) were 
obtained by longer storage times (7 days) at -78 °C 
and by periodic addition of the catalyst, boron tri
fluoride-water. Some observations made during 
this latter process appear to indicate that the propor
tion of the co-catalyst (water) has more effect on the 
conversion into polymers than either an excess of 
boron trifluoride or longer reaction times, After 3 
days, the amount of polymer formed is approximately 
the same as after the 24-hr period, but polymer forma
tion again appears to increase when additional water 
or moisture is introduced. The polymer obtained in 
this fashion (17,000 mol wt) was a hard, white solid, 
It is soluble in benzene, hexafluorobenzene, and 
acetone. The polymer is insoluble in methanol and 
in water. Also, the melting point, 55 to 60°C, is 
lower than that of the polymer of 10,000 mol wt. 

Aluminum chloride and pentafluorophenyl vinyl 
ether in bulk at 35 °C gave only blackish tars, How
ever, a low molecular weight polymer was obtained 
when the polymerization was performed in benzene 
solution at 80 0c. Methanol was used to precipitate 
the polymer. The molecular weight was 2300 as 
determined with a vapor-pressure osmometer (ben 
zene as solvent). The polymer thus obtained was a 
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yellow glass which melted over the range 120 to 180 °C. 
The low molecular weight of the polymer is in accord , 
with recent observations [28] concerning the polymeri
zation of various mono- and di-halogenated phenyl 
vinyl ethers, 

Cationic reagents, such as concentrated hydro
bromic acid, have no effect on pentafluorophenyl 
vinyl ether. This is in contrast to the behavior of 
phenyl vinyl ether, which yields resinous materials 
after a slight induction period, Similar material was 
obtained by the addition of water to I-bromo-l-phen
oxyethane, 

Again, by the use of high pressure (9500 atm) and 
y-irradiation (0,009 Mr/hr) at 105 °C for 68 hr, a poly 
(pentafluorophenyl vinyl ether) having a molecular 
weight of 30,000 (vapor-pressure osmometry) was 
obtained in low yield, The polymer was a fluffy , pink 
solid, softening at 95 °C and melting below 150 °C. 

Pyrolysis of the poly(pentafluorophenyl vinyl ether) , 
17,000 mol wt , at 300 °C for 1 hr resulted in a 43.2 
percent weight loss , and yielded mainly pentafluoro
phenol and a dark-brown glassy residue. The low 
order of thermal stability of this polymer was in ac
cord with the results obtained from the pyrolysis of 
the smaller molecule. 

-CH- CH2 - ~ "'" CH=CH2 -. 

I L 
O-C6F5 + (8) 

C6F40H 

The thermal stability of the poly(phenyl trifluoro
vinyl ether) , 4,000 mol wt [29], was shown to be greater 
than that of the poly(pentafluorophenyl vinyl ether) 
reported here. Since there are no hydrogen atoms 
on the polymer backbone in the former , phenol can
not be readily removed. However this polymer loses 
hydrogen fluoride quite readily , and this is followed 
by cross-linking and carbonization. Presumably, 
the removal of hydrogen fluoride is an intermolecular 
process. From the preceding evidence, it is , there
fore, reasonable to assume that the poly(pentafluoro
phenyl 1,1,2-trifluorovinyl ether) prepared previously 
[1] should have good thermal stability, since there is 
no ready route to decomposition as experienced above , 
especially in the absence of hydrogen atoms, The 
difficulty still remains in producing polymers of high 
molecular weight. 

9. Experimental Procedure 

Infrared spectra were obtained with a Perkin-Elmer 
"Infracord," Model 137B spectrophotometer,3 using 
a 0.025-mm sodium chloride cell for liquid samples , 
or pellets containing 1·2 mg of the solid sample in 
300 mg of potassium bromide. Molecular-weight 

a Certain commercial material s and equipment are identified in thi s paper in order to 
adequately sp.ecify the expe rimental procedu:e. In no case does suc h identifi cation imply 
recommendatIOn or endorseme nt by the NatIOnal Bureau of Sta ndards, nor d oes it imp ly 
that the material or equipment ide ntified is necessaril y the bes t available for the purpose. 



de terminations were made by vapor-pressure osmom
etry , using a I-percent solution of the polymer in 
benzene . 

9 .1. 2-Pentafluorophenoxyethyl Bromide 

a . In N,N-Dimethylformamide 

A solution of 50 g (0.23 mole) of potass ium penta
I fluorophenoxid e in 100 ml of N,N-dim ethylforma rnide 

was added to a solution of 50 g (0.27 mole) of 1,2-
dibromoethane in 100 ml of N,N-dimethylformamide 

I maintained at 90 °C. After a slight induct ion period , 
potassium bromide began to be precipitated and thi s 
increased with time. When the addition was complete 
(0.5 hr) , the conte nts were refluxed for 2 hr, cooled, 

r and poured into 500 ml of water. The bottom layer 
was separated and dried (CaS0 4) . Di stillation of the 
produ cts afford ed 30 g (46%) of 2-pentafluoro ph enoxy
ethyl bromide, (bp 112 °C /IO mm , n50 = 1.4647) and 9.82 
g (11%) of 1,2-bi s(pentafluorophenoxy)ethane (bp 108-
110 °C/0.8 mm, mp 31-32 °C). 

Analysis: Calculated for CSH4BrF50: C, 33.0 ; 
H, 1.4; F, 32.7; Br, 27.5. Found: C, 33.6; H, 1.3 ; 
F , 31.0; Br, 24.5. 

Analysis: Calculated for C, .,H,F,oOt: C, 42.9 ; 
H, 1.0. Found: C, 42.8 ; H , 1.3. 

b. In Tetrahydrofuran 

A solution of 11 g (0.05 mole) of potass ium penta
fluoroph enoxide and 19 g (0.1 mole) of 1,2-dibromo
ethane in 100 ml of te trahydrofuran was re fluxed for 
18 hr. Very little potassium bromid e was noticed. 
At the end of thi s tim e period, the mixture was cooled 
and poured in to 200 ml of water. The bottom layer 
was separated, dried (CaS04), and di still ed. After 
removal of 10 g of recovered 1,2-dibromoethane, 1.5 g 
(10.4%) of 2-pentafluorop henoxye thyl bromide was 
obtained. No 1,2-bis(pentafluorophenoxy)ethane 

I was isolated from this reaction. 

9.2. 2-Pentafluorophenoxyethyl Chloride 

To 18 g (0.2 mole) of 1,2-dichloroethane in 25 ml of 
N,N-dimethylformamide at 80 °C was added 5 g (0.025 

, mole) of potassium pentafluorophenoxide in 25 ml of 
N,N-dimethylformamide. When the addition was 
complete (0.5 hr), the mixture was re fluxed for 1 hr, 
cooled, and diluted with 150 ml of water. The usual 
isolation and di stilla tion gave 3.1 g (56%) of 2-penta
fluorophenoxye thyl chloride, bp 74- 75 °C/2 mm ; 
n50 = 1.4442. 

Analysis: Calculated for CSH4ClF50: C, 39.0; H, 1.6; 
Cl,14.3. Found : C, 40.1 ; H, 1.9; CI , 12.9. 

9.3. 1, 1-Bis{pentafluorophenoxy)ethane 

To 21.9 (0.11 mole) of 1,1-dibromoethane in 25 ml of 
N,N-dimethylformamide at 90 °C was added 5 g (0.025 
mole) of potassium pentafluorophenoxide in 25 ml of 
N,N-dimethylformamide. After the addition (0.25 hr), 
the solution was refluxed for 4 hr, cooled, and diluted 
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with 150 ml of water. The usual processing, followed 
by distillation, yielded 0.9 g (10%) of 1,1-bis(penta
fluorophenoxy)ethane , bp 84 to 85 °C/0.6 mm, mp 
25- 27 °C. 

Analysis : Calculated for C'4H,F ,oOt: C, 42.7 ; H, 1.0. 
Found: C, 43.4; H , 1.5. 

9.4. 2-Pentafluorophenoxy- 1 ,1, 1-trifluoroethane 

To 100 g (1 mole) of 1,1,1-trifluoroethanol in 250 m! 
of te trahydrofuran , 22.9 g (1 g-atom) of sodium was 
added in s mall pieces. Whe n the evolution of hydro
gen had ceased, the solution was added dropwise to a 
solution of 250 g (1.35 moles) of hexafluorobenzene in 
125 ml of pyridine, maintained at 80 °C. When the 
addition was complete (2 hr), the mixture was refluxed 
for 2 hr. The mixture was cooled , and filtered from 
th e sodium flu ori de . The filtrate was poured into 
500 ml of 10 percent hydrochlori c acid. The bottom 
layer was separated and dried (CaSO,,). Dis tillation 
afforded: 82 g (33%) of recovered hexafluorobenzene; 
159 g (66.2%, based on recove red C6F6) of 2-penta· 
flu orophenoxy-l,l, l-trifluoroe than e, bp 146.5-147 °C ; 
nrl = 1. 3799 ; and 34 g (10.9% based on recovered 
C6F6) of 1,4-bis(1 ,1,1-trifluoroethoxy)te tra flu oroben· 
zene, bp 111 to 113 °C/ lO mm , mp 67 to 69 °C. 

Analysis: Calculated for CSH2FsO: C, 36.3; H , 0.76; 
F ,57.2. Found : C, 36.4; H , 0.7; F , 56.2 . 

Analysis : Calculated for C. OH4F IO0 2 : C, 34.8; H, 
1.2 ; F, 55.0. Fou nd: C, 34.8 ; H, 1.2 ; F , 53.9. 

9.5. Pentafluorophenetole 

P entafluorophenetole was prepared in much the 
same manner as reported prev iou sly [5] , except that 
the following quantities were used: 150 ml of absolute 
e thanol, 150 ml of tetrahydrofuran , 22.9 (1 g-atom) 
of sodium metal, 250 g (1.35 moles) of hexafluoro
benzene, and 125 ml of pyridine. P entaAuorophe n
e tole was obtained in 74 percent yield (144 g), bp 
152 to 153°C, n53 = 1.4120. 

9.6. 2-{Pentafluorophenoxy)ethanol 

A solution of 25 g (0.2 mole) of 2-bromoethanol in 
25 ml of tetrahydrofuran was added to a solution of 36 g 
(0.16 mole) of potassium pentaAuorophenoxide in 
100 ml of tetrahydrofuran at 64 °C. The mixture 
was reAuxed for 3 hr and cooled. The usual process
ing afforded 16 g (53%, based on recovered C6F5 0H, 
6 g) of 2-(pentafluorophenoxy)ethanol, bp 82 to 83 °C/ 
1.5 mm , n53 = 1.4419. (Reported [7] bp 110 °C/IS 
mm). In the infrared spectrum, the absorption band 
(OH frequency) is at 3490 em- I. 

Analysis: Calculated for C8H 5F50 t : C, 42.2; H, 2.2. 
Found: C, 41.6; H, 2.3. 

9.7. 2-{Pentafluorophenoxy)ethyl Acetate 

To 5 g (0.02 mole) of 2-( pent a flu orophenoxy)e t ha noi 
and 5 g (0.05 mole) of ace tic anhydride was added 0.1 g 



of potassium acetate, and the solution was refluxed for 
2 hr. The mixture was cooled, and poured into 50 ml 
of ice water. The solution was neutralized by the 
addition of saturated sodium hydrogen carbonate 
solution. The bottom layer was washed with 25 ml 
of water, separated, dried (CaCb), and distilled. 
2-(pentafluorophenoxy)ethyl acetate was obtained in 
71 percent yield, bp 90-91 °C/1.5 mm, n~o = 1.4352. 
(In the infrared spectrum there was an absorption 
band, > C=O, at 1740 em-I.) 

Analysis: Calculated for C lOH 7F 50 3 : C, 45.3; H, 
2.6. Found: C, 44.6; H, 2.5. 

9.8. 2-(Pentafluorophenoxy)ethyl Trifluoroacetate 

This compound was prepared as described above. 
From 5 g (0.02 mole) of 2-(pentafluorophenoxy)ethanol, 
5 g of trifluoroacetic anhydride, and 0.1 g of potassium 
carbonate, there was obtained 5 g (70%) of 2-(penta
fluorophenoxy)ethyl trifluoroacetate, bp 88 to 89 
°C/1.5 mm, nbo = 1.4048. (Infrared spectrum showed 
a band, > C=O, at 1780 em- I.) 

Analysis: Calculated for CtoH 4FHO:l: C, 37.8; 
H, 1.24. Found: C, 37.8; H, 1.20. 

9.9. Pentafluorophenyl Vinyl Ether 

Eighty-two grams (0.45 mole) of pentafluorophenol, 
5 g of potassium hydroxide, and 150 ml of N,N-dimeth
ylacetamide were placed in a 1400-ml bomb which was 
then sealed. The bomb was attached to a high
vacuum line by an outlet valve and tubing. After 
cooling (-190°C) and evacuating the bomb, 13.62 g 
(0.61 mole) of acetylene gas was condensed in the 
bomb which was then sealed and allowed to warm to 
25°C: The bomb was rocked and heated to 200°C 
(at this temperature , the maximum pressure was 160 
psi) for 1.5 hr or until no change in pressure was ob
served. The bomb was cooled and excess acetylene 
was allowed to escape. The contents was poured 
into 200 ml of water and extracted several times with 
100-ml portions of dichloromethane. The organic 
layers were combined and dried (CaSO.j). After 
removal of the solvent by distillation, there was ob
tained 47.4 g (50%) of pentafluorophenyl vinyl ether, 
bp 141 to 142 °C, nbo = 1.4252. The infrared spec
trum shows the olefin bond at 1640 em- I. 

Analysis: Calculated for CHH:IF 50: C, 45.8; H, 1.44. 
Found: C, 46.3; H, 1.50. From the residue, l,l-bis 
(pentafluorophenoxy)ethane (10%) was obtained; this 
had the characteristics described earlier. Small 
amounts of other products were also obtained, but 
these were not investigated. 

9.10. Phenyl Vinyl Ether 

This compound was prepared as described by 
Ritchie [9], from 2-(pentafluorophenoxy)ethyl bromide 
and potassium hydroxide. 

9.11. 1,2-Difluorovinyl Pentafluorophenyl Ether 

An 800-ml bomb containing 100 g (0.45 mole) of 
anhydrous potassium pentafluorophenoxide, 300 ml 
of dry benzene, and 100 ml of dry (LiAlH.j) tetrahydro
furan was attached to a high-vacuum line, cooled 
(-196°C), and evacuated. In the bomb was con
densed 110 g (1.34 moles) of 1,1,2-trifluoroethylene 
by means of the vacuum line. The sealed bomb was 
allowed to warm to 25°C. It was then rocked and 
heated to 230°C, at which temperature the pressure 
dropped from 1600 psi to 800 psi during 1 hr. The 
bomb was cooled and opened. The contents was 
poured into a flask and the liquids were flash-distilled. 
The residual solids were washed with benzene (100 
ml), the benzene layer was combined with the flash 
distillate, and the liquid was distilled. After the sol
vents had been removed, there was obtained 36 g of 
a colorless liquid, bp 133 to 139°C, which contained 
90 percent of 1,2-difluorovinyl pentafluorophenyl 
ether. A pure sample of this ether was obtained by 
preparative, vapor-phase chromatography, using a 
20 percent Viton A-Celite (see footnote 3) column at 
150°C. The pure vinyl ether (bp 132-132.5 °C, 
n~l = 1.3940, showing -CF=CFH at 1786 em -I in 
the infrared spectrum) was eluted first. The impurity 
appears to be mainly the saturated ether, pentafluoro
phenyl 1,1,2-trifluoroethyl ether, bp 155 to 158°C 
(impure). 

9.12. Pyrolysis Procedure 

The pyrolysis apparatus consisted of a Pyrex tube, 
45 cm long and 1 em wide, having a female 14120 
joint at the top and a male 14120 joint at the bottom. 
A pressure-equalizing, 25-ml, addition funnel was 
placed at the top of the tube. The top of the funnel 
was connected to the nitrogen gas-inlet system. To 
the bottom end of the pyrolysis tube was fitted a 14120 
jointed connector which had take-offs to the first and 
second traps. The second trap was usually connected 
to a drying tube (atmospheric pressure experiments) 
or to a vacuum pump for experiments under reduced 
pressure. Both traps were cooled by solidified carbon 
dioxide acetone mixtures. The packing (5-in. cross 
section) was usually supported by a constriction in 
the glass tube. The tube was heated by a tube furnace 
to the desired temperature, and the compounds 
were added dropwise from the addition funnel. The 
nitrogen flow-rate was usually 3.5 cm:l/min. Other 
conditions are listed in tables 1 and 2. The first trap 
usually contained most of the pyrolyzate. Upon 
warming, a sample of the pyrolyzate was analyzed 
by vapor-phase chromatography, using columns of 
20 percent silicone oil on Celite. Identification of the 
components of the pyrolyzate was made by comparison 
of the retention times with those of known samples. 
The relative percentage composition of the pyrolyzate 
was obtained from the peak height and width of the 
individual components. 
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9.13. Basic Reagents 

The details are li s ted in table 3. The compound 
and the aqueous potassi um hydroxide were mixed at 
25 °C, heated at 100 °C for 1 hr, and cooled, and the 
aqueous so lution was extracted with dichloromethane 
to remove the neutral compounds. Acidification of 
the basic layer with 10 percent hydrochloric acid gave 
pentafluorophenol. Where potassium hydroxide pel-

I .jets were used, a bed of solid potassium carbonate 
was employed, to protect the glass surface during 
the reaction. The KOH-K2CO:1 mixture was heated 

, to 200 °C before t he sa m pI e was added dropwi se. 
The sample was then re fluxed from the KOH-K2CO:1 

mixture for 30 min before allowing di s tillation to pro
ceed. Cleavage products, usually pentafluorophenol, 
were obtained by acidification of the base after dilu
tion with water. Pyrolyses over 25 perce nt KOH
charcoal peJlets were accom plished in the same 
apparatus as described above. Produ cts were ide n
tifi ed by vapor-phase c hromatography. 

9.14. Acid Reactions 

Conce ntrated sulfuri c acid (98%) was th e only acid 
employed in these reac tion s, li s ted in table 4. The 
acid and the co mpound we re mixed at room te mpe ra
ture, and heated at 125°C for 1 hI'. Most of the co m
pounds were immiscible with th e reage nt, and, 
occasionally, shaking and s wi rli ng were necessary. 
The produc ts we re iso lated by cooling the reacta nts 
to 0 °C and adding c ru shed ice to the ac id solution. 
The fluorocarbon laye r could be se parat ed from the 
aqueous layer. Again, ide ntifica tion of the products 
was made by vapor·phase chromatograph y. 

9.15. Polymerization Reactions 

a. Pentaftuorophenyt Vinyt Ether 

(1) With a,a-Azobis(isobutyronitrile) (ABIN). To 1 g 
of pentafluorophenyl vinyl e ther in a Pyrex tube was 
added 0.01 g of ABIN. The tube was attached to a 
high-vacuum line and the cont ents degassed before 
th e tube was sealed. It was th e n placed in a bath 
maintained at 60 °C. After 24 hI', only a slight yellow 
color had developed. The te mperature was raised 
to 130 °C. After 7 days, the color was a dark er yellow, 
but no polymerization had occurred. Recovered 
monomer (97%) was th e main material. Only a trace 
of a brown solid was obtained; thi s was not inves ti
gated. 

(2) With Aluminum Chloride. To 0.01 g of anhy
drous aluminum c hloride was added a solution of 1 g of 
pentafluorophe nyj vinyl e ther in 5 ml of anhydrous 
benze ne. No reaction was observed at 25 °C. The 
solution was warmed to 50 °C, and an additional 0.01 
g of aluminum c hloride was added. An orange color 
now de veloped , and after refluxing the mixture for 2 
hI', the color changed to deep purple . After cooling 
to 25 °C, 50 ml of methanol was added to the benzene 
solution , and the polymer was allowed to se ttle. 
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The polymer was a yellow, glassy material, mp 120 
to 180 °C, and its molecular weight was 2300 (VPO). 

(3) With Boron Trifluoride. A solution of 3 g of 
pentafluorophenyl vinyl ether and 25 ml of pentane in 
a 50-ml flask was saturated with boron trifluoride gas. 
The flas k was then sealed, and stored at - 78 °C for 
3 days; some white solid had then precipitated. Three 
drops of water were added to the mixture, and the mix
ture was sealed , and stored at - 78 °C for 4 days . 
The tube was opened, and nitrogen was bubbled 
through the solution to remove the excess boron 
trifluoride as gas. The tan, solid polymer was removed 
by filtration, and dried under vacuum. The filtrate 
yielded 2 g of recovered monomer. The dried polymer 
weighed 0.9 g (30% conversion). The poly(penta
f1uorophenyl vinyl ether) was dissolved in 25 ml of 
benzene and filtered. The benzene solution was 
added to 20 ml of methanol , and the white precipitate 
allowed to settle. After filtration and vacuum drying, 
the white polymer weighed 0.31 g (mp 55 to 60 °C). 
It was soluble in be nzene, hexafluorobenzene, and 
acetone. The molec ular weight (VPO) was 17,000. 

b. 1,2-Diftuorovinyt Pentafluorophenyl Ether 

Into each of two quartz tubes was placed 1 g of 
1,2-difluorovinyl pentafluorophenyl ether, and each 
tube was sealed. One of the tubes also contained 
0.01 g of ABIN. Both tubes were irradiated at 25°C 
for 3.5 days with an ultraviolet lamp at a distance of 
10 in. No reac tion was visible. The tubes were then 
kept in a furnace at 110 °C for 4 days. At the end of 
this period, the conten ts of both tubes were blac k 
and viscous. Some solid was observed in both tubes. 
The tube containing ABIN had twice as muc h black 
liquid as the blank tube. The products of these re
actions appear to be mainly dimers . 

The authors are indebted to D. W. Brown of the 
Polyme r Chemistry Section for the high-pressure 
polymerization of pentafluorophenyl vinyl ether, and 
to R. J. Hall of the Analysis and Purification Section 
for elementary analyses. 
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