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The synthesia of various derivativea of pentafluorgphenatnle of the 1ype CyF2OCHCH:R is de-
seribed. The B group was chlodne, bromine, hydroxyl, penafiuorophenosy, acetoxy, and tdfaore.
acetoxy.  2-Fantafluerophenoxy-1,1.)-triflucrcethane and  1.)-bis{pantafluormophenoxyjelhane  wers
similady synthesized. A study was made of the hehavior of these ethers woward pyrolyeis, acids, and
bases. In generl, those ethers containing f-hydrogen atome give pentaflusrophenol on pyrmolysis,
Some compounds, such a3s 2-pentafluornphencxyethyl bromide, give rearmanged products as well,
Under hasic conditions, cleavage w pentefluaraphensl was observed with aqueoys potassium hydrox.
ide, whereas the use of solid potassium hydroxide pellets gives dehydrohabogenated products,  Cone
cerirated sulfzrie acid causes cleavege of moet of the ethera employed.  2-Pentauorvphenoxy-1,1,1-
trifluoracthane resista anack bath by acids and hages.

The synthesis and polymerization of iwo new vinyl monomers, pentafuorophenyl vinyl ether and

1,2-diflaorovinyl pentaBuorophenyl ether, are aloo presanted.

Key Words: Ethers, pentafluorophenyl, penafluotophenoay, alkyl, vinyl, difluerovinyl, polymer-

ization, and pyrolyais.

1. Intraduction

In a previous report [11.2 we have described the
synthesis and polymerization of phenyl trifluoravinyl
ether and pentaflooropheny] trifluoroviny! ether. Al
though these low molecular weight polymers were
not exceptionally stable thermally, the complex mech-
anism by which these polymers decompoze was of
interest. To aid in the elucidation of this decompasi-
tion, two new monomers were synthesized —{1} penta-
fluorophenyl vinyl ether and {2} 1,2-difluorovinyl
pentafluorophenyl ether. The pyrolysis of these
polymers, along with that of model compounds,
would vield information regarding the relative ease
with which hydrogen flusride or pentafluorophencl
{probable breakdown products) are removed from
vatiots positions in the polymer chain as the possible
firet step leading to degradation,

2. Pentafluorophenyl Alkyl Ethers

The pentaflusrophenyl alkyl ethers were synihesized
as precursurs to pentafluorophenyl vinyl ether. In
the pasl, variouz derivatives of fluarinated anizoles
[2—4] and phenetoles [3, 5] have been prepared by
the nocleophilic alkoxide attack on hexaflucrobenzene.
Similarly, we heve synthesized 2-pentaflvorephenoxy-1,
1,1-tcflusroethane from hexafluorobenzene and sodium
triflucroethoxide using tetrahydrofuran aa the aolvent.
In an attempt to prepare 2-pentafluorophenoxyethyl
bromide by this procedure, difficulies were encoun-
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tered in meking the salt of 2-bromeethanol. Ap-
parently, the salt readily decomposes to sodiom
bromide and ethylene oxide. However, 2-pentaflucro-
phenoxyethyl bromide was conveniently synthesized
by the reverse reaclion, i.e., from potassium penta-
flusrophenoxide and 1,2-dibromoethane, This
reaction was found to proceed more rapidly in ¥ M-
dimethylformamide than in tetrahydrofuran, In
this reaction, even though a large exceas of dibromo-
ethane was emplioyed, a fair amount of 1.2-bia{penia-
fluorophenoxyjethane was  always isolated. By a
similar reaction, attempts to prepace the isomeric
1-bromo-1-pentafuorophenoxyethane failed to yield
any aof this compound, only the 1,1-bisipentaflucro-
phenoxylethane being isolated.  Apparently, when one
pentafluorophenoxy group is autached to the carbon
atom bearing 1the bromine atom, the remaining bro-
mine atom is easily displaced by pentafuorophenoxide
ion under the basic reaction-conditicns. The fact
that some free pentafluorophencl was obtained would
seem 10 indicate that some of the pentafluorophenoxide
was depleted, due 1o some dehydrohalogenation
reaction,

In a like manner, 2-pentafluorophencxyethyl chloride
was prepared from 1.2-dichloroethane and potassium
pentafluorophencxide. Only the munochluro deriva-
tive was obtained in this reaction.

2 Pentafluarophenoxyethanol was also synthesized
by this method from 2-bromoethanol and potassium
pentafluorophenoxide, except that, in this case,
tetrahydrofuran served satisfactorly as the reaction
medium. This compound, 2-pentafluorophencxy-
eithanol, was recently [7] prepared from hexafluoro-
benzene and ethylene glycol in the prezence of sodium
hydroxide.
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Both the acetate and rifluorcacetate of 2-penta-
fuorophenoxyethanol were prepared in high yield
by refluxing the alcoho! and the appropriate anhydride
for 1 hr.

Since pentafluorophenoxide is considered a weak
nucleaphile [4, 6], the choice of either tetrahydrofuran
or & N-dimethylformamide as 1the solvent for these
reactions appears to depend on the relative achivity
of the halide to be repliced. For example, at ™
°C in N N-dimethylformamide, the reaction hetween
pentafluvorophenoxide and 1.2-dibromoethane iz es-
senlially complete in a few hours, whereas the yield
of product on refluxing in tetrahydrofuran for 18 he
was only 10 percent,

3. Pentaflvorophenyl Vinyl Ether

Phenyl vinyl ether [8~10] and pentachlorophenyl
vinyl ether [11-13] have been prepared previgusly,
usnally by the base-catalyzed addition of phenol or
pentachlorophenol 1o acetylene. We have now ex-
tended this reaction to pentafluorophenol. Penta-
flusrophenyl vinyl ether can he 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-prodocts, mainly 1,1-bis{pentafiuorophe-
noxylethane. Previpusly, methanol [L1] and water
[12] were the preferred solvents. To prevent poasible
exchange reactions between potassivm pentafluoro-
phenoxide and protonie solvents at high temperature,
we have used N N-dimethylacetamide for this reacticn
with equal success,

Although the above method for the. synthesis of
pentaflucrophenyt vinyl ether was satisfactory, we
have also investigated alternative methods of prepa-
ration. These methods included dehydrohalogena-
tion or cleavage of varicus subatituted 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 zerve as model compounds in studying the decom-
position products obtained from the pyrolysis of the
polymertic Auoroaryl vinyl ethers.

4. Pyrolysis

The pyrolysis of a number of these duoroaryl athers
having varicus substituents on the alkyl side-chain
wae performed in a flow system wsing glass helices,
charcoal pellets, or 20 percent potassium hydroxide—
charcoal pelleta as the column packing. Tempera-
tures ranged from 4010 600 °C,  Usually, atmospherie
pressure was maintained, it in a few cases, the pyroly-
gis was done under reduced pressure. The conditions
and the results of the pyrolyses of these pentafluoro-
phenyl ethers are listed in table 1. For the most part,
the pyrolyses appear to follow the paths as outlined
in egs 1 and 2.

> CofyOH + CH~—CHR (1)

= L4FyOCH=—H, + HE, Z)

In general, more pentafluorophenol than pentaflucro-
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 a= on the tempera-
ture employed in the pyrolysis. At no hime have
these pyrolyses shown any definite trend in any one
direction, i.e., in preferred scission 1 pentafluoro-
phens] {(except where ko f-hydrogen atoms are presenty
or pentafuorophenyl winyl ether. The distribution
of product= seems to indicale that random seissions
occur according 10 eqz 1 and 2. The pyrolysia prod-
ucts were further complicated by competing secondary
reactions, which appeared ta vield products which
were simple addition products of the olefin formed
from the initial pyrolysis, as shown in eqs 3 and 4
{or various combinaticns thereof),

CoFs—(—CH—CH:R —

R

CH—CHR + (CF.0H ’
:|_;~ CFOCH—CH;,
CF.CCHB—CH; + HR

@
4

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

TabLe 1. Pyrofsais of CeF: OCH;CHLB
R W% | Packlwg® | Temp | Prese o) Produciy ¥ EC)
recowered
® [ ma I
Br ! A Mt LA FIME Ly P OCHEACH,; 199 CoF0H;
15% CoFy00H = CH,: #% CFU0CHeCH, B

Eﬁ 10 CHCHA
Tl 1 A 520 YO L5 Lo W OCHCHCE 595 L OH:

5% LWFJ O H = CHy, 1% L o CHCH,
i [ A S kL ! 55k CFyOH: 20% C,Fy0CH=C H

b CHACOCH: Wk T prediog
OAe 13 A 500k [u¥: 4 1% 5% L O H. CH,DM (L] l...l ,UH

3% CFOCH = CH.: 2% CHoCOLH,
TR0, z A 4 b 14 P U F O HCH A AeF 5

2598 o0 CFC0,H. G F0CH=CH,.
ac,F, ! A 480 6 i R CaF OCHCHOC,Fy 14% CORON.
OH 5 b 430 V&l Pal Yk G b0
0OH 3 B 00 ok 2 e CUF,IEL
OH z KH50, s | 50 1.7 Mo resction

“Korvi A, lose helices: B AL pellos,
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A1 500 °C, the chlorine analog (table 1, R=0Cl) is
more stable than the bromine dedvative, s a result,
conversion was much lower. However, pentafluoro-
phenal and pentafuorophenyl vinyl ether were formed
in approximately equal quantities, along with a trace
of 1-chloro-1-pentafluorophenoxyethane.

From the pyrolysis of the acetate {table 1, R=0Ac],
pentafiuorophenol was wsually the main produoct, with
lesser quantities of the pentafluorophenyl vinyl ether
and acetic acid, along with traces of ive other products
{unidentified). When the acetate was pyrolyzed under
reduced prassure at different temperatursas, no sig
nificant change in product distribution was vbhserved,
except that conversions were lower. At the same pres-
sure (0.8 mm), a rige in the temperature from 550 to
60K *C, simply increased the yvield of pentafluarophenol,
so higher temperatures were nol further investigated.
At a higher pressure (25 mm) and 540 “C, the pyrolysis
of the acetate gave essentially the same products as
chserved at atmoapheric pressure and 560 "C. The
above geetate pyrolyses agree to some extent with
those reported for 2-phenoxyethyl acetate [10]. In
our case, the yield of pentaflucrophenyl vinyl ether is
higher and prabably reflects the increased stability
of the vinyl ether due to the ring fluorine atoms,  As
expected, no products were obtained which could he
attributed to the Claisen [14] rearrangement.  Although
Ritchie [9] has reported benzaldehyde as one of the
breakdown products of 2-phenoxyethyl acetate, we
have -been unable to isolate any pentafluorebenzalde-
hyde from the pyrolysis of 2-pentafuorephenoxyethyl
acetale.

The pyrolysis of 2-pentafuorophenoxyethy] trifluoro-
dcetdle was expected to canse preferential cleavage
at the alkyl-trifluorcacetate bond, 10 yield pentafluoro-
phenyl vinyl ether in grester quantity. Actnally, the
additional fluorine atoms stabilized the compound, in

as much as only 3 percent conversion to products was
obtained ar 540 *C/25 mm pressure. Pentzfluoro-
phenol, pemafuoorophenyl vinyl ether, and triflucro-
acetic acid were formed in almost equal amounts.
Rince no zelective cleavage was encountered, further
pyrolyses of the acetates were not pursued.

The pyrolysis of 2-pentafluorophenoxyethanol (table
1, R=0H} aver alumina at 300 or 420 *C resnlted in
the formation of pamafluorophenol and acetaldehvie.
No dehydralion to pentaluorophenyl vinyl ether was
obzserved. Similar resulis have been reported [10]
for 2-phenoxyethanol.

Potassium acid aulfate at 220 °C failed to dehydrate
the aleohol, and no product sther than 2-pentafluoro-
phenoxyethano! was recovered,

In an attempt to explain some of the foregoing
results, especially the formation of rearranged pro-
ducts, seme additional pyralyses were performed on
cormapounds contrining the pentafluorophencxy group
ftable 2A). For comparison, some hydrocarbon
samples (table 2B) were also included. I was first
believed that some of the products were breakdown
products of pentafluorepheny] vinyl ether. However,
this eompound (1able 2A, R=CH=—CH,) does not
show any appreciable decomposition ontil it & heated
to 600 °"C. Similarly, it wa= thooght thai 1 1.bis

OCF:

|
ipentafluorsphenoxyieihane (able 2A, R=—CHCH,),
formed from the pyrolysziz of X.pentafluorophencxy-
ethyl bromide {tahle 1, R = Br}, was produced by the
addition of pentafluerophensl o pentafluorophenyl
vinyl ether {eq 4, R=CgF:0—).  However, the pyroly-
siz of a 50 percent mixture of the two (table 2A,
R=CH=—=CH:; and H) gave only starting maierizls.
This mode of addition is not entirely without meril,
since it was subsequently shown tha 1,1-bis(penta-

TaBLE 2. Comparison of the pyrolyses of CoFsOR and CHOR

R %t | Packing®|T w Prod
ncking” | Temp mu:.m wela
A. Pyrulymis of GF0H*
" i f
CH==CH; ¥ & | so0 L7 |90 CoOCH=CH,: 5% CF0H
CH=—CHK, '3 A T 1A B0 CoF O HeeU L 259 CuFUOH
CH, 2 A 525 16 (959% CuFOCH,: 3% CLF0H
CHyCH, 2 L 545 14 mhfad';ﬂcﬂsﬂﬂu 259 CF.OH: e
HE
LH=LH ‘]’:E} A T 16 |5 P H—G o S0 FOH
{I)'Cf; 25 A Sk pdi] %%Eﬂmﬁ;ﬂcrl—tﬂn
—CHCH. ) ’
CHALF, ] A 500 18 | B CyF W HCFa; 5396 CoFy e HmeiF,:
. 1% Y-prodects
CH.OF z 60 25 | Wl CLEAHCHCF,
E Pyrubvuin of CH,OR
CHACH; 2 A | 85| 15 | ew CHOCHGH,
CHumiH, z A | 50 e | 60% CuHaOCH—CH,;
CHCHB | A | 2° |G ChbcHa e CH

* AL at atmensphbenk: promure.
"Kex: A, gleas belices; B, charoal pelletn,
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OC:F,

Auorephenoxyjethane (table 24, R =—CHCH;} decom-
poses almost quantitatively to pentafluorophenol and
pentafloorophenyl vinyl ether. The high yield of
olefin formed in this pyrolysis wasa similar to that
obtained by Reppe [11] for- 1,1-diethoxvethane.

The other rearranged product obtained from the
prrolysis  of  Z-pentafluorophencxyethyl  bromide
itable 1, R=DBr) was 1-bromo-1-pentafluorophenoxy-
ethane, Simply, this compound may have heen
formed as visuelized in eqs 3 and 4. As yet, this has
not been proved experimentzlly. The instability of
a-halo ethers is well known. Surprisingly, the
myTolysis of 2.phenoxyethyl bromide {table 2B, R
={CH:CH:Br) gave only the 1.broemo-l-phenoxyethane
as the main product, similar 1o the behavior in the
fluorocarbon  serfes. The two isomeric hromides
{hydtocarbon) differ greatly in chemical properties
and can readily be distinguished by their hehavior
with water at room temperature.  1-Brome-1-phenoxy-
ethane decomposes spontanecusly into a red resinous
praduct, with the liberation of hydregen bromide,
by the addition of 4 lrace of water. On the other hand,
the 2-bromo derivative has little tendency toward
this type of reaction. Tn the flugrocarbon series, 1-
bramo-1-pentafluorophenoxyethane does not exhibit
this readiness to react with water, unlike the hydro-
carbon analog.  Hoewever, on storage at 25 *C in the
dark for several weeks, the l-bromo-l-penteflucro-
phenoxyethane decomposes 1 a blackish mass.
Infortunately,  l-broma-l-pentafuoraphencxyethane
was not obtained in the pure state, se that its thermal
stahility has not heen recorded.

5. Discussion

From the results of the pyrolysis of the fluorcaryl
ethers listed in lable 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, pentaflucrophencl was vaually obtained
in greater quantity. The conversion into products
at the temperatures employed alse serves as a measure
of the thermal stability of the alkyl fluoroaryl ethers.
The resulis in tables 1 and 2 indicate that the penta-
fiusrophenoxy group is a more effective leaving group
when in competition with the other functional groups
(R) shown. This effect appears to be assaciated with
the number and activity of the 8-hydrogen atoms in
the molecule., In Lthe pyrolysis of 2-pentaflooro-
phenoxny-1,1,1-irifluorcethane {table 2A, R =CH.CF3)
{a compound containing only e-hydrogen atoms with
nc hydrogen atoms 8 to ithe oxygen atom}, no cleavage
te pentafluorophenol was observed, bul only dehydro-
fluarination to the olefin. Similarly, where the
A-hydragen atoma are attached to a double bond, as
in pentafluorophenyl vinyl ether (table 2A, R=CH
={H;), pentafluorophenol iz formed at higher
temperatures, However, pentafluoraphenctole (table

2, B=CH:CH;) containing three B-hydrogen atoms,
yields pentaflucrophenol at  lower temperatures.
Pentafluoroanisole also yields a trace of pentafluoro-
phenol, even though no 8-hydrogen atoms are available
{probably a bimolecular ceaction, similar to that of
anisole [15]).

In the case of the isomeric bis{pentafluorophenoxy)
ethanes (1.2 table 1, R=0C:Fs and 1,1 tahble 24,

OC,F,

R= -—éHCHsL the position of the R group has a de-
cided effect on the course of pyrolysis. Eachk penta-
fluorophenoxy group in the l-position has three
avajlable f-hydrogen atoma for reaction, whereas,
in the 1,2-derivative, each pentaflugrophenoxy group
has ooly twae. On this basis, the 1,1-decivative would
be the less stable.  Also, the 1,1-derivative is an acatal
containing two bulky groups, a situation which is in
itself conducive to thermal decomposition at lower
lemperatures.

A considerable amount of data iz available in the
literature concerning the pyrolysis of ethers [, 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 unimelecolar,
and a cyclic mechanizsm was proposed [16]. Later
waork by Bailey [17, 18] and others [19] has shown the
cyelic process to be the preferred route.  Bailey [18]
views the pyrolysis of viayl ethers 10 oceur as follows;

H CH—(CH—FEt

Diﬂﬂi—ﬁ—!t o + .
E —— @
CH-CH Som—afy

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

H CHym(—E
/CH:—G—R

Diet + H
o} *"‘-\"HF o Hr n\ T
¥ r—rgq—:rQF e

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

caFy
CiFp=0H

R
$}%—E — GH:JHE @

This i= similar to the mechanism for the decomposition
of alkyl halides proposed by Maceoll [20).  In this case,
the pentafluorophenyl group is not iovelved in the
transfer of electrons, thereby preserving aromaticity:
but a four-membered ring supersedes the more-favored
six-membered ring. At present, sinee both mech-
anisms involve B-hydrogen atoms, the products may
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be explained by either. The fact that no fucrophenols
containing ring-hydrogen atoms were produced would
indicate that hydrogen rather than fluorine migration
oceirs in eq 6, which is expected. The pyrolysis of
a more varied group of elhers woold be required in
order to permit us to ascertain fully which mechaniam
in predominant.

The mechanism for the pyrolysis of the aryl per-
Auoroalkyl ethers iz different from that reported here
for the alkyl fluoroaryl ethers. Sheppard [21] has
pyrolyzed a number of ethers {such as phenyl penia-
fluoroethy] ether), and bas found that one of the
pritnary pyrolytic preducts is biphenyl (not phenol),
In these cases, cleavage occurs at the phenyl-oxygen
link, nol the alkyl-oxygen bond. The fact that Aooro-
benzene was also reporied as one of the prodocts at
higher temperatures (623 *C) would indicate that the
mechanismi{s) for the decompoesition of the aryl
perfluorcalkyl ethers are more complex than those of
the decomposition of the alkyl HBuoroaryl ether type.

6. Basic Reagents

The reactions of some alkyl fluorvaryl ethers with
potassium  hydroxide are listed in 1able 3. These
ethers could have reacted in any of several ways—
{a} dehydrobalogenation to an olefin, (b) cleavage at
the sther oxygen atom to a phenol, () attack an the
ring fluorine atoms, or (d) various combinations of
these, Information regarding the stability of these
alkyl Huoroaryl ethers towards basic reagents may
aid in elucidating the cleavage reaction found when
pemtafluoroanisole is treated with ammonia [4] or
when the fuoto-dihydroxy compounds are obtained
from the reaction of hexaflusrobenzene with aleoholic
potagssiom hydroxide [3]. From the limited number
of reactiens attempted. only the pentafuorophenoxy-
ethyl bromide shows any reactivity below 200 °C.

Taplg 3. Reaction of CFs0R with some doaes

™
K ™r Rne: Tomp|  vedu- Pridurs
wred
® 1] A
CHCH:He B.5 | KOH 45 L[] 5.3 |8a% LMo H,CH B
wralin od 5| 1496 CFyOH,

CHH:Be 3 B {3 ki) 1.2 |30% Uy H CHebr.

K, C0y 110 56 CoF T H=mlH..
CHyCH,Br 5 EOH (5) Lo 4.0 | s CyFy T HAZHBr

HeQ imi AT Ch0
CH:CH,Br 5 Colkidine LB0 50 | A CF W HA R,

T CFOiH=('H,.
THLF,
—’HCH; L} K%H&][rsp Lonp 0.2 | Mo reasion,
i

CHLCF; 55| KOH 15t 2 B0 | Mo redction,

K0 10
CH,CF, 14| Ml (5 150 1.3 | Mo reaction,
CHLFy m . KOH/{chareoal SR 15 B (gFDCHAF 5,

15 (b OCH=LF,,

LH,CF. & kg K{¥H | rharcos| A% ...........| Decompoaed.
CF,CRH z | 0m KOHpcharmoal | 250 70T Decomgoned,

In this case, cleavage to pentafluorophencl is the main
route, when potassium hydroxide and water (or parafhn
oil) are psed. Dehydrohalogenation was the preferred
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course with solid potassium hydroxide pellets, yielding
pemafuorophenyl vinyl ether. Similar results were
oblained by Corley [22] with the latter reagent and with
2.chicrn-1,1,2.triflucreethy] phenyl ether.  Here again,
as proposed earlier [4], it appears that agueous,
basic systems preferentially lead to aryl ether cleavage.
All of the ethers, the synthesiz of which iz described
in thiz article, along with those prepared previously
[4]. were prepared in basic, nonagueous solvents,
and vet, little cleavage of the ether was observed.

2.Pentafluoraphenoxy-1,1.1arifluoroethane (table 3,
R = CH:CF3) failed 1o react either with solid potassium
hydroxide or magnesium oxide at 200 *°C. Some olefin
was formed by the wse of 20 percent potassium hy-
droxide mounted on charcoal pellets at 480 °C. Higher
temperatures decomposed the compound; this decom:
position was alao observed for 2-pentaflucrophenaxy-
1,1.2 2-tetrafluorcethane (table 3, B =CF.—CF:H).

The stability of 1,1-bis{pentafluorophencxylethane
roward aqueous potassiom hydroxide was unexpected
in view of the acidic hydrogen atom present because
of the effect of the pentafluorophenoxy groups atrached
to the same carbon atom. This behavior toward
aquecus bases is mere analogous to that of sueh com-
pounds as diflucromethyl ethyl ether [23] or difluoro-
metl:ﬁ'l phenyl ether [24], rather than to that of an
acelal.

7. Reoctions in Acid

From the preceding sections, data were oblaioed
regarding the stability of these Auoroaryl ethers under
pyrolysis conditions or toward basic reagents. It was
desired, therefore, to obtain data concerning their
reactivity with sulfuric acid. Pentafluoroanisole [3]
was shown 1o be cleaved with hydriodic acid te penta-
fluprophenol. Later, hydrobromic or aluminum chlo-
ride [25] was also found effective for this reaction.
Recently, Tatlow and coworkers [26] have shown that
{triflucromethyl)-2.3,5 S-tetraflunrophenetole  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 pentaflnorophenal under the reaction
conditions. Only 2-penteflucrophenoxy-1,1.1-trifluore-
ethane (table 4, R=CHCFy) failed to yield any
product. The stability of thiz 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 usvally preceded by
oxomium salt formation. The fact that 1,1-bis(penta-

O Fs

flucrophenoxylethane {table 4, R=—éHCH;} decom-
poses under these conditions iz not surptising, since
the trifluoromethyl group is a more effective electro-
negative group than the pentaflucrophenoxy group.
As such, the lessening in oxygen basicity is not suf-
ficient to prevent oxoninm salt farmation and eventual
cleavage.



TanLE 4. Reaction of CoFaOR with woffuric acid ue 125 °C

LU
R Wt H50n recanr Prdmcte
amd
” ml [
CHCHAr 1 T 0.5 o CF FH.
CHLF 3 T 27 My reactivn,
CH—CH: £ Lk 3.k 0 PO,
0% C W CH,CHy
CH,CHOH [ 7 i Mk O F O,
0 C,F,CH,CHAOH
4, g
—J.'HCH; 0. L .- | et | sowme CJFuYH.

8. Polymerizations

In an earlier report [1], the polymerization of phenyl
and pentafuorophenyl 1,1,2-triflucrovinyl ethers was
described. Usually, sationic 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 wilh the above results, 1.2-diflusrovinyl
pentafluorophenyl ether failed to vield any polymer
with azobis(isobutyronitrile) (ABIN). Thermally (at
116 *C), it appears that only the dimer was= formed.
As vet, no high-pressore techniques have been
emploved in the polymerization of this monomer.

Pentafluorophenyl vinyl ether appears to be a more
reactive monomer. A white, solid polymer can be
obtained from pentafBucrophenyl vinyl ether in pentane
golution by the usze 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 10000 {(mp Ti—
88 *C). Higher conversion (3%} and polymers
having increased molecular weights (17,0000 were
obtained by longer atorage times (7 days} at — 78 °C
and by penodic addition of the catalyst, boron tri-
fiuoride—water. Some observations made during
this latter process appear to indicate that the prapor-
tion of the co-catalyst {water) has more efect en 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 zame as after the 24-hr period, but polymer forma-
tion again appears to increase when additional water
or muisture is introduced. The polymer obtzined io
this fashion (17,000 mo! 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, 535 o 60 °C, is
lower than that of the polymer of 10,000 mol wt.

Aluminum chloride and pentaBuorophenyl vinyl
ether in bulk ar 35 *C gave ondy blackish tars. How-
ever, a low molecular weight polymer was obtained
when the polymerization was performed in benzene
solution at BO “C. Methanol was wsed 1o precipitate
the polymer. The molecular weight was 2300 as
determined with a vapor-pressure osmometler [ben-
zene as solvent). The polymer thus obtained was a

vellow glags which melted over the range 120 w 180°C.
The low molecular weight of the polymer is in accord
with recent gbservations [28] concerning the polymeri-
zation of various mono- and di-halogenated phenyl
vinyl ethera,

Cationic reagents, such as concentrated hydro-
bromic acid, have no effeel on pentaflucrophenyl
vinyl ether. This is in contrast to the behavior of
phenyl vinyl ether, which vields resinous materials
after a slight induction period. Similar material was
obtained by the addition of water ta 1-bromo-1-phen-
oxyethane.

Again, by the use of high pressure {9500 atm} and
y-ircadiation (0.009 Mrfhr) at 105 *C for 68 hr, a poly
{pemafluorophenyl vinyl ether) having a molecular
weight of 30,000 (vapor-pressure csmoimetry) was
obtained in low yield. The polymer was a fluffy, pink
solid, softening at 95 °C and melting below 150 °C.

Pyralysis of the polypentaflusrophenyl vinyl ether),
17,000 mol wt, at 300 °C for ! hr resolted n a 43.2
percent weight loss, and yvielded mainly pentafluoro-
phenol and a dack-brown glassy residue. The low
order of thermal stability of this polymer was in ac-
cord with the resolts obtained from the pyrolysis of
the amaller molecule.

s CH—CH; »~ I’* e L H==H 5w,
(.lD—C.ng + (#)
CeF,OH

The therma! stability of the poly{phenyl trifluoro-
vinyl ether), 4,000 mol wt [29], was shown to be greater
than that of the poly(pentafuorophenyl vinyl ether}
teported here. Since there are no hydrogen atoms
on the polymer backbone in the former, phenol can-
not ke readily removed. However this polymer lozes
hydrogen fluoride quite readily, and this iz followed
by crose-linking and carbonization. Presumably,
the removal of hydrogen fooride is an intermolecular
process. From the preceding evidence, it is, there-
fore, reasonable to assume 1hai the poly(pentafluoro-
phenyl 1,1,2-trifluoroviny] ether) prepnr&dp previously
1] should have good thermal stability, since there is
na ready route to decomposition as experienced above,
especially in the absence of hydrogen atoms. The
difficully siill remains in producing polymers of high
molecular weight.

©. Experimental Procedure

Infrared spectra were obtained with a Perkin-Elmer
“Infracord,” Model 137B spectrophotometer.? using
a 0.023-mm sodium chlotide cell for Rquid samples,
or pelletz containing 1-2 mg of the solid sample in
M) mg of potassiom bromide. Molecolar-weight

i Clﬁl.ll:l‘l mrﬂ:fnen:iﬂ mataritle and equipmest are identified in this poper in order ta
dequal dr tee rimenial proceda) 1 s yuch pdeni|Begukon {mply
Fecommendation ar oo brv e Maional Burean of Stamdards., ner dora ¥ imaky
that ke wavarisl or squipment kdenuified |s

ily the benl ilable For the purpese.
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determinations were made by vapor-pressure osmom-
eiry, wsing a l-percent solution of the polymer in
benzetie.

9.1, 2-Penrafluorophanoxyethyl Bromide
d. ks N,N-Dirvathyl formamicde

A solution of 530 g (0.23 mole) of potassium penta-
fluorophenoxide in 10 ml of N, M-dimethylforma mide
was added to a solution of 50 g (0.27 meale} of 1,2.
dibromoethane in 100 ml of N N-dimethylformamide
mainlained at M} °C.  After a slight induetion period,
potassium bromide began to be precipitated and this
increased with time. When the addition was complete
(0.5 hr), the centents were refluxed for 2 hr, cooled,
and poured into 500 ml of water. The bottom layer
was separated and dried (CaS50y). Distillation of the
producta afforded 30 g (46%) of 2-pentafusrophenvxy-
eithy]l bramide, (bp 112 *C{10 mm, n = 1.4647) and %.52
g (11%:} of 1,2-bis{pentafluorophenoxylethane (hp 108-
119 0.8 mm, mp 31-32 °C).

Analysis: Caleulaled for C.HBrF:0: C, 33.0:
H, 1.4; F, 32.7; Br, 27.5. Found: C, 33.46; H, 1.3:
F, 31.0; Br, 24.5.

Analysia; Calcolated for O H.F,0:: C,
H, 1.0, Found: C, 428; H, 1.3.

k. In Tetmbydrofuron

A solution of 11 g (0.05 mole) of potassium penta-
flucrophenoxide and 19 g {(.1 mole) of 1,2-dibromo-
ethane in 100 ml of tetrahydrofuran was refluxed for
18 hr. Yery little potassium bromide was noticed,
At the end of this time period, the mixtore was cooled
and poured into 200 ml of water. The bottom layer
was aeparated, dried {Ca50,), and dishlled. After
removal of 10 g of recovered 1,2-dibromoethane, 1.5 g
(10.4%5) of 2-pentafluorophenoxyethyl bromide was
oblained. No 1,2-bisipentafiuorophenoxy)lethane
was isclated from this reaction.

42.9;

9.2, 2-Pentaflvoraphenoxyethyl 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 (0025
mole} of potagsium pentafluorophenoxide in 25 ml of
N Ndimethvlformamide. When the addition was
complete (0.5 hx), the mixture was refloxed for 1 hr,
cooled, and diluted with 150 m] of water. The usual
iaolation and distillation gave 3.1 g {56%) of 2-penta-
fluorophenoxyethyl chloride, bp 7475 “C/2 mm;
n®=1 4442,

Analysis: Calenlated for CoH,CIF:O: C, 39.0; H, 1.6;
Cl, 143 Found: C,40.1;: H, 1.9; Cl, 12.9,

2.3. 1,1-Bis{pentaflverophenoxyjethane

To 21.9 (11 mele} of 1,1-dibromeethane in 25 ml of
N N-dimethylformamide at 9% *C waa added 5 g (0.025
male} of patassium pentaflucrophenoxide in 25 ml of
N N-dimethvliformamide. After the addition (0.25 hy),
the solution was refluxed for 4 hr, cooled, and diluted

H1G-ERZ (-G53

with 150 ml of water. The usual processing, {followed
by distillation, yielded 0.9 g {1099} of 1,1-bis{penta-
ﬂuoroplgnnxy}ethane. bp 84 to 85 *CH.6 mm, mp
25=-27°C.

Analysis: Caleulated for C HoF 0Oy C, 42,7 H, 1.0,
Fouond: C,43.4; H, 1.5.

9.4, Z-Pentoflusrophentxy-1,1,1-fifluorsethane

To 100 g {1 mole) of 1,1,14rifluoracthanol in 250 ml
of tetrahydrofuran, 229 g {1 g.atom} of sodium was
added in small pieces. When the evalution of hydro-
gen had ceased, the solwion was added dropwise 1o a
solution of 250 g (1.35 moles) of hexafAuorobenzene in
125 ml of pyridine, maintained at 80 °C.  When Lhe
addition was complete (2 hr), the mixture was refluxed
for 2 hr, The mixture was cocled, and fhltered from
the aodium Ruoride. The filirate was poured into
500 ml of 10 percent hydrochloric acid. The bottom
layer was separated and dried (CaS0,).  Distillation
aforded: 32 g (336} of recovered hexafluorobenzene;
154 g (66.2%, based on recovered (GFsh of 2-penta-
fluorophenoxy-1,1.1-trifluoroethane, bp 146.5-147 *C:
nF=1370: and 34 g (20.9% bated on recovared
CeFe)  of  14-bis(l,] 1-trifluoroethoxyitetraflucroben.
zene, bp 111 10 113 *C/10 mm, mp 67 10 69 °C,

Analysis: Caleulated for CeHeFeO: C, 36.3: H, 0.76;
F.57.2, Found: C, 26.4; H, 0.7; F, 50.2.

Analysis: Caleulated lor CoH.Fw0e: C, 34.8: H,
1.2; F,55.0. Found: C, 34.8; H, 1.2; F, 53.9.

2.5, Pentaflusicphenatole

Pentafluorophenetole was prepared in much the
same manner as reporied previously [5], except that
the follewing quantities were used: 150 ml of absolute
ethanol, 150 ml of tetrahydrofuran, 22.9 {1 g-atom)
of sodium metal, 250 g (1.35 moles) of hexefluoro-
benzensa, and 125 ml of pyridine. Penlafluorophen-
etole was obtained in T4 percent yield (144 g), bp
152 to 153 *C, nf = L4130,

9.5. 2-{Pentafluorophanoxylsthanal

A solution of 25 g {0.2 mole} of 2-bromoethano! in
25 ml of tetrahydrofuran was added 10 a solutionof 36 g
{0.16 mole} of potassiom pentafluorophencxide in
1) ml of tetrahydeofuran at 64 *C. The mixture
was refluxed for 3 br and cooled.  The usual procesa-
ing aflorded 16 g (53%%, based on recovered C.F,OH,
6 g of 2-(pentafluorophenoxylethanol, bp 82 to 83 °C/
1.5 mm, nf = 14410 (Reported [7] bp 110 °C/15
mm). In the infrared spectrum, the absorption band
(OH frequency) is a1 3490 em-L.

Analysis: Calculated for C.H-F:0,; C, 42.2: H, 2.2,
Found: €, 41.6; H, 2.3

%.7. 2-[Pentafluorophenoxylethyl Acetote

To 5 2 (002 mole} of 24{pentafluvrophenoxylethancl
and 5 g (0.05 mole) of acetic anhydride was added 0.1 g
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of potassium acetate, and the solation was refluxed for
2 hr. The mixture was covled, and poured into 50 ml
of ice water. The solution was neutralized by the
addition of saturated sodium hydrogen carbonate
solotion. The bottom layer was washed with 25 ml
of water, separated, dried (CaClg), and distilled.
2-{Pentafluorophenoxylethyl acetate was obtained in
71 perceni yield, bp 90-91 °CfL.5 mm, a}'= 1.4352.
(In the infrared spectrum there was an absorption
band, > C=0, at 1740 cm™".)

Analysis: Caleulated for C, H:Fs05: C, 45.3: H,
2.6. Found: C, 44.6; H, 2.5.

9.8. 2-{Fentafluoraphenoxy)ethyl Trifluorcocetate

This compound was prepared as described abuove.
From 5 g (0.02 mole) of 24 pentafluorophenoxy)ethanol,
5 g of toflucroacelic anhydride, and 0.1 g of patassivm
carbonate, there was obtained 5 g (70%) of 2{penta-

fluorophenoxylethyl trifluoroacelate, bp tn B9
CILS mm, nf?= 1448, (Infrared spectrum showed
a band, > C=10, at 1780 em-1.}

Analysis: Calewlated for CHF:Om: €, 37.8:

H, 1.24. Found: C, 37.8: H, 1.20.

9.9. Pantafluorephenyl ¥inyl Ether

Eighty-twa grams (0.45 mole) of pentaflucrophenol,
5 g of polassium hydroxide, and 150 ml of N, ¥-dimeth-
ylacetamide were placed in 2 1400-ml bomb which was
then sealed. The bomb was attached to a high-
vacuum line by an outlet valve and tubing. Afier
cooling {— 190 °C) and evacuating the homb, 13.62 g
.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 ve 200 *C
fat 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 acelylene
was allowed to escape. The contents was poured
into 200 mi of water and exiracted several times with
100-ml portions of dichloromethane. The organic
layers were comhined and dried (CaS0,). After
removal of the solvent by distillation, there was oh-
tained 47.4 g (50%} of pentafluorophenyl vinyl ether,
bp 141 to 142 *C, nf?=1.4252. The infrared spec-
trum shows the olefin bond at 1640 em-t,

Analysis: Calculated for C.HsF:0: C, 45.8; H, 1.44.
Found: C, 46.3: H, 1.59. From the residae, 1,1-bis
{pentafluorophenoxyjethane (15%) was obtained; this
had the characterisiics described earlier. Small
amounts of other products were also obtained, but
these were not investigated.

2.10. Phanyl Vinyl Ether

This compound was prepared as described hy
Ritchie [9], from 2-{pentaflucrophenoxylethyl bromide
and potassium hydroxide.

2.11. 1,2-Diflvorovinyl Pentafluorophenyl Ether

An B00ml bomb containing 100 g (0.45 mole) of
anhydrous potassium peatafluorophenoxide, 300 ml
of dry benzene, and 108 ml of dry (LiATH.} tetrahydro-
furan was attached to a high-vacuum line, cooled
i— 1% °C), and svacuated. In the bomh was con-
densed 110 g (1.34 moles) of 1,1,2-rifluoroethylene
by means of the vacuom line. The sealed bomb was
allowed o warm 1o 25 *C. It was then recked and
heated to 23¢ °C, at which temperature the pressure
dropped from 1600 psi to 800 pai during 1 hr. The
bomb was cooled and apened. The rcontents was
poured into a flask and the liquids were flash-distilled.
The residual solids were washed with benzene {100
mi), the benzene layer was combined with the flash
distillate, and 1he liquid was distilled. After the sol-
vents had been removed, there was obtained 36 g of
a colorless liguid, bp 133 1 139 °C, which contained
% percent of 12-difluorovinyl pentafuerophenyl
ether. A pure sample of this ether was obtained by
preparative, vapor-phase chromatography, using a
20 percent Viton A-Celite (see {footnote 3) columa at
15 °C, The pure vinyl ether (bp 132-132.5 *C,
nfF==1.3940, showing —CF=—CFH at 1786 cm™' in
the infrared speclrum) was eluted frst.  The impuority
appears to be mainly the satorated ether, pentafluoro-
pheayl 1,1,24rifuoreethyl ether, bp 155 to 158 *C
{impure).

2.12. Pyrolysis Procedura

The pyrelysis apparatus consisted of a Pyrex tube,
45 cm long and 1 em wide, having a female Y
juinl at the top and a male %% joint a1 the battom.
A pressore-equalizing, 25-ml, addmion funnel was
placed at the top of the tube. The top of the funnel
was connecled to the nitrogen gas-inlet system. To
the bottom end of the pyrolysis tube was Arted a Mae
jointed connector which had take-offs to the Arst and
second traps. The second trap was usually connected
to a drying tebe (atmospheric pressure experiments}
or 10 a vacuun pump for experiments under reduced
pressure. Both traps were cooled by 20lidified carbon
dioxide acetone mixtures. The packing (5-in. cross
sectionl was usually supported by a comstdction in
the glazs tube. The tube was heated by a tube furnace
to the desired iemperature, and the compounds
were gdded dropwise from the addition funnel. The
nittogen fow-rate was usually 3.5 cm¥min.  Other
condibions are listed in tables 1 and 2. The hrst trap
ustally contained most of the pyrolyzate. Upon
warming, a zample of the pyrolyzate was analyzed
by vapor-phase chromatography, using columns of
20 percent silicone oil on Celite.  1dentification of the
components of the pyrolyzate was made by comparison
of the retention times with those of known samples.
The relative percentage composition of 1the pyrolyzale
was obtained from the peak height and width of the
individual components.
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9.13. Basic Reagents

The details are listed in table 3. The compound
and the aquesus potassium hydroxide were mixed a
25 *C, heated at 100 °C for 1 hr, and cooled, and the
gquecys solurion was extracted with dichloromethane
to remove the neutral compounds.  Acidihcalion of
the basic layer with 10 pereent hydrochlorie acid gave
pentaflueruphenel.  Where porassium hydroxide pel-
ders were used, a bed of solid potassium carbonate
was employed, to protect the glass surface during
the reacticn. The KOH =K.COy mixiure was heated
o 200 °C hefore the sample was added dropwise,
The sample was then refluxed from the KOH-K:COy
mixture for 30 min before allowing distillativn o pro-
ceed.  Cleavage produects, usually pentafuorephenol,
were obtained by acidification of the base afer dilu-
tiun with waler. Pyrolyses vver 25 percent KOH-
charcoul pellels were accomplished in the same
apparaius as described above. Products were iden-
rified by vapor-phase chromarography,

#.14. Acid Reactions

Concentrated sulfuric acid 198%) waa the only acid
employed in these reactions, listed in rable 4. The
acid and the compound were mixed al room tempera-
ture, and heated ar 125 *C for 1 hr. Most of the com-
pounds were [immiscible with the reagent, and,
occasionally, shaking and swicling were necessary.
The products were isolated by cooling the reactanis
to 0 °C and adding erushed ice to the acid solation,
The fluvrecarbon layer could be separated from the
aquecus layer.  Again, identificarion of the products
was made by vapor-phase chromatogrephy.

2.15. Polymerizotion Reactions
u. Pentofluarophanyl Vinyl Ether

(1} With ee.ce-Azobis{isobueyronitrile) | ABIN). Talg
ul pentaflunrophenyl vinyl ether in a Pyrex tobe was
added G.01 z of ABIN. The tube was antached 10 a
high-vacuum line and the contents degassed belure
the rube was sealed. It was then placed in a bath
maintained at 60 "C.  Aller 24 br, only a slight yellow
color had developed. The temperature was raised
to 1307, After T days, the color was a darker vellow,
but no polymerization had occurred.  Hecovered
mongmer 979 was the main material.  Only a 1irace
of a hrown solid was ohrained: this was not investi-
gated.

{2} With Aluminum Chioride. To 0,01 g of anhy-
drous aluminum chloride was added a solution of 1 g of
pentafluarophenyl vinyl ether in 3 ml of anhydrouos
benzene. No reaction was observed at 25 °C. The
solution was warmed o 50 *C, and an additionai 0.01
g ol aleminom chloride was added.  An orange color
now developed, and after refluxing the mixture [or 2
hr, the evlor changed to deep purple.  Alter conling
to 25 *C, 50 ml of methanol was added to the benzene
salution, and the polymer was allowed to settle.
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The polymer was & vellow, glarsy material, mp 120
to 180 *C, and ils molecular weight was 2300 (VPO

{3} With Boren Trifluoride. A solution of 3 g of
peniafluorophenyl vinyl ether and 25 ml of pentane in
a 50-ml Aask was sarurated with boron trifleoride gas.
The flask was then sealed. and stored at — 78 °C for
3 days: some white solid had then precipitated. Three
drops of water were added 1o the mixture, and the mix-
ture was sealed, and stored at —78 *C for 4 days.
The tube was openad, and nitrogen was bubbled
through the solution to remave the excess boron
trifluoride a= gas. The tan, solid pelymer was removed
by filiration, and dried under vacuum. The filtrate
yielded 2 g of recovered monomer.  The dried polymer
weighed .Y g (30% conversion). The polyipenta-
fluarephenyl vinyl ether) was dissolved in 25 ml of
benzene and hltered. The benzene solution was
added to 20 m! of methanal, and the white precipitate
allowed to settle.  After filtration and vacuum drying,
the white palymer weighed 0.31 g {mp 55 to 60 “C)L
It was soluble in benzene, hexzfiuorohenzene, and
acetone. The molecolar weight (VPO) was 17,000,

b, 1.2-Diflyoraving Perdafluaraphenyl Ether

Into each of two quartz tubes was placed 1 g of
1.2-difluctovinyl pentafluorophenyl ether, and each
tube was sealed. (e of ithe tubes also contained
0.01 g of ABIN. Both tubes were irradiated ar 25 °C
for 3.5 days with an uitravicler lamp at a distance of
19 in. No reaction was visible, The wbes were then
kept in a furnace al 110 °C Joc 4 days. At the end of
this period, the contents of both tubes were black
and viscons. Some sulid was observed in both tubes.
The tube containing ABIN had twice as much black
liguid as the blank tube. The products of these re-
aciions appear to be mainly dimers.

The authors are indekted to [ W, Brown aof the
Polymer Chemistry Section for the high-pressure
polymerization of pentafluoropheny] vinyl ether, and
te K. J. Hall of the Analysis and Purification Section

for elemenlary analyses.
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