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FOREWORD

This report was prepéred by the Dow Corning Corporation under USAF Contraet
No. 33(616)-2417. This contract was initiated under Project No, 7340, "Rubber,
Plastic and Composite Matérials'. Task No, 73404, "Synthesis and Evaluation of
New Polymers®, formerly RDO No, 617=11, *Synthesis and Evaiuation of New Polymers", -
and was administered under the direction of the Materials Laboratory, Direct-
orate of Researph. Wrisht Alr Davelopment Center, with Lt A, M, Lovalace
acting as project engineer, '

Tais report covers period of work from April 1954 to April 1955,
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Abstract

T

1. Appreciable quantities of the two monomers, CF3CH-CHaO and
CF,éfEﬁzjéﬁ;a have been prepared by reactions involving the
dehydrohalogenation of the corresponding halohydrins. |

2, Dehydrohalogenation studies were conducted using the
following halohydrine: CClF;CHZOH, CClaFCH,0H, CC1P,CHOHCCl,.F,
CCngCHOHCCIFg,‘and CClgFCHOHCC13F, The corresponding epoxides
were not obtained but rather extensive decomposition of the
orzanic reactants was observed.

3. An investigation of the hypochlorination of the olefins,
CH,=CF5, CFsC(CHs) = CHy and CaF,CH=CHs, 18 in progress. The
results are inconclusive at this time.

4, The preparation of a poiyglyool formal was aoccomplished by
reaction of & fluorine-containing glycol with dibutyl'fornal.

The material was found to be thermally unstable,

——— - -
5. The polymerization of both CF3CHCHZ0 and CFsC(CHj)CHg

was accomplished using ferric chloride as a catalyst. In
addition, copolymers of these two monomers were prepared in

a similar manner,
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I. Introduction

The purpose of this research is to synthesize
fluorine=-containing polymers of the polyether type fo;
evaluation as sealants, rubbers, coatings and adheslives.

In particular, the desired propertles are thermal stability
(up to 5O0°F), fuel and oll resistance (up to 400°F),

retention of propertles at -85°F, and resistance to fuming

nitric acid snd ozone.
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II. Summary and Conclusions

In the srea of monomer preparation, the two epoxides,
CF.éEEE:B and CF.E?EEIEEE;B. have been prepared in appreciable
quantities using a multistep synthesis starting from trifluoro-
acetic acid. While suoh a procedure is feasible from s laboratory
standpoint, it will be necessary to devise alternate syntheses
which are more direct in order to reach a practiocal commercial
preparation of‘a fluorine-containing epoxide. In this oconnsoction,
studies were begun on the hyposhlorinstion of fluorine~containing
olefins with hypochlorous acid. The olefins studied to date include
CHy=CPy, Cy4F,CH=CH,, and CP4C(CHs)=CHg., While the results are
inoonoclusive at present, recent patent literature has disclosed
similar reactions which would indicate the feasibility of this
approach,

Another approach to the preparation of a fluorine~
containing epoxide has comprised the attempted dehydrochlorination
of CClaFCHyOH, CC1F4CH,0H, CC1F,CHOHCC1F,, CC1 oFCHOHCC1F,, and
CC1,PCHOHCC1,F. These materials are readily available from
reduction of the corresponding acid chloride or ketone with
lithium aluminum hydride., In all ocases, dehydrochlorinstion
wag unsuccessful in producing an epoxide. Extensive deoonposiﬁion
of the alcohols occurred with formation of both inorganic ochlorides

and fluorides. The implication of these results may be that a
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more reactive halogen, such as.bromine, is required 1in the
molecule for epoxide formation. Consequently, the preparation
of CHF,CHOHCF,Br is 1in progress for use 1n dehydrohalogenation
experiments.,

In the area of polymerization, the use of Lewis acid
type catalysts has been investigeted. Among the materials
studied were FeCl,, AlCl,, SOz and BClg. The results indicate
that ferric chloride is the best of the group insofar as;conversion
and moleculsr weight of polymer are concerned. In the consideration
of reaction rate, aluminum chloride was found to promote the |
highest rate of polymerization. Using ferric chloride the
homopolymers and copolymers of both GF,éﬁéﬁ;é and CF,éfcﬁgiéﬁ;B
have been prepared. The homopolymer of the former was found to
be a solld while that of the latter was a liquid. Comsequently,
by varying the mole ratio of the two monomers, either liquid or
solid copolymers may be‘prepared. Further study of these systems
is in progress.

Another class of polyether polymer, the polyglycol
formal, has been investigeted. In general, polymers of this
type have been prepared by reaction »f an alpha-omega glyocol
with dibutylformal. Extension of this reaction to a fluorine-
containing glycol gave a small yield of a polyformsl wﬁich was
found to be thermally unstable easily reverting to the original

reactants. No further work along this line is contemplated.
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III. General Discusslion

A survey of the literature indlcated the feasibility
of synthesis of fluorine-containing monomers for the preparation
of polyether type polymers (see Table 1), although little infor-
mation was found regarding'the fluorine~containing polymers
themselves. Inassmuch as polymerization of monomer epoxides
aovpeared to offer the most expedient route, that procedure
was chosen as the first method of approach to the problem.
A, Preparation of Monomers

At the start of this program, the first fluorine~
contalning monomer selected for polymerization studles was
3,3,5=triflucro-~1,2-epoxypropane. Thils material was selected
because its synthesis was reported (1) and the starting materials
were readily available. The procedure employed was:
a. CFsCOCHs + Brp, _ H250s | CF,COCH.Br (70-80%)
b. CFaCOCHgBr + LialH, ——— CF3CHOHCH.Br (70=-75%)
¢. CFaCHOHCH.Br + NaOH (50% aq.) ——3 CFaCHCHZ0 (80-90%)
This epoxide has been successfully synthesized many times in the
courge of the present work. None of the indicated steps requires
further comment.

During the synthesis of the analogous epoxide, 2-methyl-
3,3,3=trifluoro-1,2-epoxypropane, several interesting facts were

discovered, The syntheses involved in its preparstion are:
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a. CFyCOzH + ROH ‘ 3 CPF3COzR
b. CFs00R + CHyMgBr ————3 CF3C(OH)(CHs)a + ROH
c. CPF3C(OH)(CHg)y + Cly ———— CFoC(OH)(CH3C1)CH,
4. CFsC(OH)(CHzC1)CHs + NaOH (50% aq.)~~——3 CPsC(CH4)CH,0
It has been reported (2) that the best yields in step ''b'!
are obtained when the amyl ester is employed. While that
particular ester has not been used in the present work,
evidence has been obtained which indicates that the yield of
trifluoro-t-butencl probably 1s not affected so much by the
moleocular weight of the alkyl group in the ester, but by one
of two other factors, If ''R!''! is ethyl, the ethanol formed
in step ''b'' azeotropes ﬁith the'trlfluoro-g-butanoi, thus
lowering the yield (and purity) of the latter ~-- g fact noted
by Henne et. sl., (68). If ''R'' is methyl, it is difficult
to obtain pure eater in step ''a''. When the usual esterification
procedure (3) is emplbyed, the methyl trifluoroacetate so obtained
may be contaminated with unreacted trifluorcacetic acid which
azeotropes with the ester. The use of this impure ester in step
'"h1! produces deleterious effeocts, and the yield of the fluoro-t-
butanol is lowered. If the methyl ester is properly purified,
it is felt thaf.the vyield will be equivalent to that obtained
from the amyl ester, |

Step ''o'', the chlorination of Z2-methyl-3,3,3,~tri-
fluoro-2-buatnel, does not proceed in high yield to the mono-
chlorinated product. An extensive study of several variables

has resulted in a maximum yield of 58%.
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Step ''d'!, epoxidation of the alcohol to 2-methyl-3,3,3~
trifluoro-1,2-epoxypropane, offers no difficulty, and 80% ylelds
were regulsrly obtainable.

In an effort tb sircumvent the over-all low yield
(20% avg.) of 2-methy1-5,3,S-trifiuoro-l,2-epoxypropane from
the starting trifluorocacetic acid, an alternative procedure was
investizated,

a. OCOFLCOCH4 + Brg ——————3 CF3COCHgBr
b. CFsCOCH By + CHaMgBr —— CF4C(OH) (CHaBr)CHy
c. CFsC(OH)(CH,Br)CHy + NaOH (50% aqg.) — cp,c(ca,)cnaé

The use of this procedure produced the epoxide in
over-all yleld of 20%, so that nothing was gained by 1its use,
Here, as might be expected, the yield of bromohydrin was poor
(33%), possibly because of the reactivity of the lablle bromine
in the ketone, or because of the decreased-basioity of the
carbonyl oxygen. Further, the bromohydrin was not very stable
with respeot to heat; making its purificaetion difficult. This
approach offered no advantage over thast vis the chlorohydrin,
and it was not studled extensively. _ |

Other chlorofluoroalcohols weré prepared for
investigation as possible epoxide intermedistes. These include
a) 2-chloro-2,2-difluorocethanol, b) 2,2-dichloro~2-fluoroethanol,
¢) 1,3-d4chloro-1,1,3,3,~tetrafluoro-2-propancl, d) 1,3,3-trichloro-
1,1,3-trifluoro-2-propanocl, and e) 1,5-d1f1uoro—1,1,5,5,-tetfa-
chloro-2-propanol, The first two, ''a'! and ''bD'' were prepared

from the ehlorofluoroacids via the acid chloride followed by
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reduction with lithium sluminum hydride. The latter three,
"fe'', ''d@'' and ''‘e'', were prepared by reducing the corresponding
ohlorofluoroacetones with lithium aluminum hydride. Attempts to
epoxidize these 2loohols have resulted in feilure. When heated
with a strong, aqueous inorganic base, or with an organic base
(quinoline) the alcohols were.decomposed, losing HF about as
readily as HCl. No epoxide was 1solated and no alcohol was
recovered,

An alternative route for the preparation of fluorinee
containing halohydrins has been studied briefly, and this is being
continued. This involves the addition of a hypohalous acid to a

fluoroolefin, sccording to the equation:

CnFomty CT=CT,+HOX ———) C P, . CY(OH)CXY,

where Y 1s hydrogen, an alkyl group or halogen, and X is chloride
or bromlde. Shortly after this work was begun, a patent (4) was
i1ssued directly relating to this reaction. However, work was
continued in order thet new monomers for this experimental
program could be obtained,

Among the olefins selected for study in the hypohalous
acld addition program were a) vinylidene fluoride, b) 2-methyl-
3,3,3=trifluoropropene and o) 3,3,4,4,5,5,6-heptafluoro=-l-pentene.
These were chosen because they were easily preparable br obtainable
(vinylidene fluoride may be purchased), and because -- with ''a?!?

end ''c!' at least -~ they would result in new halohydrins,
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The attempted preparation of Z-methyl-3,3,3=
trifluoropropene by dehydration of the corresponding'tertiary
butanol wlth sulfuric acid resulted in very low yield (25%),
althouzh this method is reported to give good yields (70%)
where the aleohol contains a heptafluoropropyl group (5).
Because the starting material was an azeotrope of ethanol
and trifluoro-t-butanocl, it 1s not possible to state with
certainty whether this was due to the impurity or to the
nature of the alcohol itself. It will not be investigated
further, however, because pure trifluoro-t-butanol is known
to dehydrate smoothly to the olefin with phosphorus pentoxide
(6) and in the future that reagent will be employed.

3,3,4,4,5,5,5=-Heptaflucro~-l-pentene was synthesized
as follows:

a. CaF,C0gH + LiaA1H, —) C4F,CHO
b, CaFyCHO + CHaMgBr — 3 C4F,CHOHCH4
c. CaF,CHOHCHy + PaOs ———) CoF,CH=CH,

While steps ''a'' and ''c'' are reported (7,8,9)
step ''b'' is not, although it has been used extensively in
these and other laboratories. None of the steps indicated
offers any untoward 4ifficulties, and none needs any elaboration
here.,

Several procedures have been reported for the addition
of hypohalous acids to olefins, The one chosen to start the
studies in the preseﬁt'program was that reported by Kadesch (10),

for the preparation of l-chloro-3-butene-2-0l from butadlene.
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. In this procedure, a mixture of COz and olefin is added to a
solution of caleium hypochlorite, forming HOCLl whioh adds to
the olefin,.and CaCOs which 1s removed by filtration. While
trial runs using butadiene resulted in successful addition, no
2dditlon was achieved when the olefin used was vinylidene
fluoride or heptafluoro-l-pentene. These experiments are
being continued,

Two other monomers were prepared for the polyether
program. These are dibutyl formal, prepared as desoribed by
Vogel (11); and 2,2;3,5,4,4-hexaf1uoro-l,5-pentanediol prepared
by the following series of reactions (12, 13):

a. Fgc”cql\ccl + KMn0y ——emmmmy Hoac(CFa),co,H
Pt —

CFg
b. HOC(CF5)5COzH + EtOH ————) Et0,C(CF3)sCOgEt
c. EtO0,C(CF,)aC0zEt + LiAlH, ———> HOCH, (CF3) 3CH50H
The diocl znd formal have been studled briefly in an attempt
to form a polyglycol formal.
B, Preparation of Polymers

Thus far in this program, several fluorine-containing
polyethers have been prepared. These are homopolymers of
trifluoropropylene oxide (CFSCEEEZB) and (trifluoromethyl)propylene
oxide (CFsC(CH3)CH.0), and various copolymers of both oxides. Only
acld catalyzed polymerization procedures have been investigated,
uging various Lewls acids, for the reason that basic catalyets

might cause the loss of fluorine from the molecule. After
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brief studies with propylene oxide (as a control) it was found
that the same procedure ocould be extended with minor modifications
to both fluorine-oontaining oxides, althouZh the polymers obtailned
in each case were somewhat different in physical appearance,

The use of anhydrous ferric chloride in the polymerizetion
of trifluoropropylene oxide results in the formation of a solid,
amorphous polymer. The oonversion of monomer to pdlymer with the
use of that catalyst, ranges from 50-85% depending upon the
concentration of catalyst. The use of aluminum chloride (in
place of ferrio ohloride) results in almost quantitative
conversions, but the polymer 1s a viscous liquid,

The polymerization of (trifluoromethyl )propylene oxide,
on the other hand, ylelds only & viscous liquild polymer regardless
of thé catalyst. This is true, at least, with any of the catalysts
thus far studied, all of which have been of the Lewis acid type.
The following catalysts, listed in décreasing order of théir
activity toward converting monomer to polymer are: AlCl, ;5
PeCl, :> SO, j§ BCly. Little data are available regarding
fhe oomparative'molecular welghts of these polymers.

Copolymers of trifluoropropylene oxide and (trifluoro-
methyl )propylene oxide have been investigated briefly with
promising results. Using ferric chloride catalyst and various
ratics of oxides, gelatinou;'polymers are obtalned, These

polymers are of interest because they obviously have a higher
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molecular weight than the polymer obtained from (trifiuoro-
methyl)propylene oxide alone, and they contain methyl groups
which enhances the probsbility of peroxide cétalyzad Croes-
linking. At the present time there are not sufficient dats
to state whether these polymers are true copolymers, or
whether they are a mixture of homopolymers, although the most
likély supposition 1s that they are copolymers.

Several attempts have been made to increase the
molecular weight of the 1liquid polymers obtained by the
aluminum chloride catalyzed polymerization of both oxides
and the ferric chloride oatalyzed polymerization of (trifluoro-
methyl )propylene oxide. These polymers are, presumably,
terminated by hydroxyl groups,and therefore,should react with
aocids, anhydrides, i1socyanates, etc, The use of hexamethylene
dlisocyanate with these liquid polymers undoubtedly does increase
their molecular weight (as evidenced by an apparent increase in
viscosity) buﬁ the volymers remain liquids. Furthér work along
these lines has been discontinued, pending studies now being
made on the polymers to determine the structure more exactly,
particulzarly with regard to the end groups.

Attempts to prepare a fluorine-containing polyglycol
formal, after the mammer described by Hill and Carrothers (14)
d1d not appear promising. The reaction of dibutyl formal with
2,2,5,3,4,4-hexaf1uoro—1,5-pentanediol resulted in the formation
of a high boiling'liquid which decomposed on long stand ing, or
heating at atmospheric pressure, liberating formaldehyde and the
original glycol. Presumgbly the product was a moncmeric or dimeric
cyclic formal,
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IV, Experimental

A, Prepsration of Monomers

1-Bromo-3,3,3-trifluoroacetone (1)

1,1,1-Trifluoroacetone (846g., 7.5 moles) was dissolved
in 2000 ml. of concentrated sulfuric acid and bromine (600g.,
3,75 moles) was added over a 6 hour period. The product was
geparated by heating.the acid mixture until no further distillation
ocourred, After refluxing the distillate for 2=3 hours to remove
dissolved gases, 1t was rectified through a Todd column (12 mm.
barrel packed with 1/8'* glass helices) to obtain 1054g.
(6.5 moles, 73%) of 1-bromo-3,5,5-tr1f1uoroaoeton§, b.p. 85-88°C,
n§5 1.3765,

343,3-Trifluoro-1,2-epoxypropane 512

l-Bromo-3,3,3=trifluoroacetone (274 g., 1l.43 moles)
was reduced with sn lce cold, ethereal solution of lithium
aluminum hydride (16.3 g., 0.43 mole) in the usual manner,
After hydrolysis and separation, the ether was removed by
distillation, end the remaining residue was dried over Drierite,
The dried material was distilled in a Todd column (12 mm. barrel,
f11led with Heli-pak packing) to remove material boiling up to
90°C, then the residue in the pot--mostly l-bromo=3,3,3-trifluoro-
2-propanocl--was added to 600 g. of hot (95-100°C) 50% aqueous
sodium hydroxide solution (see the procedure (15) used for the

preparation of 1,3,3,3-tetrafluoro-1,2-epoxypropane). The
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volatile product was collected in an ice-oooled trap, dried by
chilling to =70°C and decanting from the resulting ice, then
distilled from 1-2 g, of calcium hydride through a Todd dolumn
(12 mm barrel filled with Heli-pak packing). There was obtained
A8 g. (0.79 mole, 55% based on the bromoketone) of 3,3,3-tri-
fluoro~1,2-epoxypropane, b.p. 39,5-40,5°C n%s < 1,3,

Ethyl and Methyl Trifluoroscetgtes(3).

These were prepared as described in the reference,
except that distillation from phosphorous pentoxide was omitted.
2=Methyl-1,1,1-trifJuoro-2-propanol (6

A. Methyl magnesium bromide was prepared in a 5§ 1.
S-ﬁeoked flask in the usual manner from methyl bromide and
magnesium (134 g., 5.5 moles). Methyl trifluoroscetate (322 g.,
2.5 moles) in ether was added to the ice cold Orignard solution
over a 5 hour ﬁeriod. The exoésé reagent was destroyed by the
addition of water, and ice-cold 30% sulfuric acid (1900 g.) was
added to hydrdlyze the complex. The organioc portion was separated
and dried over Drierite, then the ether was removed by distillation.
Rectification of the residue through a Todd column (12 mm. barrel
packed with 1/8'' glass helices) ylelded g-methyl-l,l,l«tri-
fluoro-2-propancl (187 g., 1.46 moles, 59% yleld), b.p. 80-82°C,
ngs 1.3329,

B. The use of ethyl trifluorocacetate in the above
procedure regulted in a product, b.p.'79.5-81.0°0, n%s 1.,3401,

apparently an azeotrope of the desired alcohol and ethanol.

WADC TR 55-193 14



3-Chloro=2-methyl-1,1,1~-trifluoro-2-propanol
A, The procedure employed was similar to that

reported by McBee, Pierce, and Marzluff (16).

| The chlorination apparatus consisted of a vertical
tube 51 mm. in dismeter snd 600 mm, in length sealed at the
lower end., A heating element of nichrome ribbon was wrepped
around the lower 150 mm, of the tube. The upper end wae sealed
with a neoprene stopper through which the following were fitted:
a condenser connected to a Dry Ice-cocled trap, a thermometer
well, a helical cooling coll, and a gas dispersion disc. The
latter three extended to the bottom quarter of the tube. Chlorine
was fed to the dispersion disc through a system comprised of a
Dry Ice-cooled trap, safety bottle, bubbler contalning concentrated
sulfuric acid and another safety bottle. An eight watt germicidél
ultraviolet bulb was used for catalytic 1llumlnation.

A solution was prepared containing 110 ml, of

S-methyl-1,1,1-trifluoro-2-propanol (128 g., 1.0 mole) and
220 ml., of carbon tetrachloride (395 g., 2.24 moles). This
was placed in the reactor and heated to 65°C, The chlorine,
(65 g., 0.915 mole) was welghed into a cold trap, then connected
to the feed system. The rate of chlorine addition was controlled
by partially withdrawing this trap from a Dewar flask. The
chlorine addition was carried out during a seven hour perlod

and the reactlon temperature was maintajned between £0-75°C,
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Initially the reaction mixture remained colorless but 1t
Blowly developed a green color.

After completing the chlorine addition a stream of
dry nitrogen was passed through the solution for six hours.
This product was fractionated through a Todd column (12 mm
barrel, packed with 1/8'* glass helices). There was obtained
48 g, (0.283 mole, 28,3%) of 2-methyl-3-chloro-1l,1,l-trifluoro-
2-propanol (b.p. 112-114°C, 25 1,3740, specific gravity 285
1,387, ng cale. 26.2, found 26,0)). *

B, Using the same procedure, but with no solvent
(which permits higher reaction temperature) and an improved
ultraviolet light source (G.E. '‘'Blasck Light'', 8 watts)

maximum chlorination yields of 56% have been obtained.

S=Bromo-2-methyl-1,1,1-trifluoro-2-propancl

Methyl magnesium bromide (2,0 moles in 1200 ml.
of ether) was prepared in the usual way and added to 3=-bromo-
1,1,1-trifluoro-acetons (191 g., 1.0 mole) over a 3 hour perilod.
After standing several hours, the excess Grignard reagent was
destroyed wlth water and the complex was hydrolyzed by the
addition of 500 ml, of ice cold 40% sulfuric acld solution.
The organic layer was separated and dried over Drierite, then
the ether was removed by distillation. Rectification of the
residue through a Todd column (12 mm. barrel packed with 1/8¢°
glass helices) ylelded 69 g. (0.33 mole, 33% yield) of 3-bromo-
2-methyl-1,1,1-triflucro-2-propanol, b.p. 122-5°C, n§5 1.3981.
The product had a brown color, apparently caused by decomposition

within the column,
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2-Methyla=3,3,3-trifluoro-1,2-epxoypropane

A. This material was prepared in the same manner as
343,3=trifluoro-1,2-epoxypropane. B-Chloro-BQmethyl-l,l,l-
trifluoro-2-propanol (164 g., 1.0 mole) was added to 200 g., of
a 504 solution of NaOH, After drying and distilling, there
was obtained 98 g. (0.78 mole, 78% yield) of 2-methyl-3,3,3-
trifluoro-1,2-epoxypropane, b.p. 56.0°C, ngs 1.3125, Hg calc.,
20,4, found 20.4.

B. The use of 3=bromo-2-methyl-1,1,l-trifluoroc-2-
propanocl in the above procedure gave the same yield of epoxlde,
2-Chloro=-2,2-difluoroethanol

Chlorodifluoroacetic actd (130g., 1.0 mole, b.p.
121.5°C, obtained from the General Chemical Company) was
sonverted to its acid chloride by reactlion with benzoyl
chloride {423 g.) after the manner desoribed by Brown (17).
The acid was added dropwise to the hot (150-60°C) benzoyl
chloride during which tlme chlorodifluoroacetyl chlorilde
d4stilled from the mixture. After addltlion was completéd,
the reaction mixture was heated to 180-90°C to force residual
ochloride from solution. The acid chloride was purified by
d1stillstion (b.r. 32-37°C, reported (18) b.p. 34°C) to obtain
107 g. (0.72 mole, 72%) of ohlorodifluoroacetyl chloride.

Reduction of the acid chloride was achieved with
11thium aluminum hydride {30 g., 0.8 mole) in the usual
manner. The ethereal solution of the reaction product was

dried over anhydrous sodium gulfate, then the ether was
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removed by distillation. An attempt to dry the residue further
with calcium hydride resulted in the formation of a salt,
Indic=ting the alcdhol was acldic. Rectification of the dried
materisl yielded 62 g. (0.54 mole, 75% on the basis of acid
chloride, 54% on the basis of the originel acid) of 2-chloro-
2,2-difluoroethancl, b.p. 95-96°C, n§5 1,3585, Mg calc. 17.8,
found 18,3.

2,8=-Dichloro=2-fluoroethanol

Dichlorofluoroacetic acid (147 g., 1.0 mole, b.p.
182-3°C. obtained from the General Chemical Company) was converted
to the acid chloride by reaction with benzoyl chloride using the
same procedure described for the preparation of chlorodifluoro-
acetyl chloride. The yield of dichlorofluoroacetyl chloride
(ber. 70-90°C, reported {19) b.p. 75°C) was low (0.42 mole, 42%)
and the materlal was quite impure, _

Reduction of the acid chloride was accomplished with
lithium 2luminum hydride (10% excess). After hydrolysis and
separation, the ephereal solution of product was dried over
Drierite and then the ether was removed by distillation.
Bectification of the residue yielded 30 g. (0.23 mole, 54%
on the basis of acid chloride, 23% on-the basis of the original
acid) of 2,2-dichloro=-2-fluoroethancl, b.p. 119-123°C, ng5 1.4155
ng calc, 22.7, found 23,7,
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1,3-Dichloro-1,1,3,3=tetrafluoro-2-propanol
1,3-Dichloro-1,1,3,3-tetrafluoroacetone (96 g.,

0.48 mole b.p. 45-49°C, obtained from the General Chemical
Company) was reduced with lithium aluminum hydride (5.0 g.,

0.13 mole). After hydrolysis and sepsrastion, the ethereal
solution of product was dried over ahhydrous sodium sulfate.
The ether'was removed by distillation, and the residue was
further dried over a large quantity of Drierite. BRectification
of the dried masterial yielded 45 g. (0.22 mole, 478 of
1,3-dichloro=-1,1,3,3-tetrafluoro-2-propanol, be.p. 113.5-114,0°C,
n%S 1.,3721, M2 calc, 27.4, found 30.2.

1,3-Difluoro-1,1,3,3-tetrachlore~2qpropanol

1,3-Difluoro-1,1,3,3-tetrachloroacetons (118 g., 0.5
mole, b.p. 105-8°C, obtained from the General Chemical Company )
was reduced with 1ithium aluminum hydride (6 g., 0.13 mole) in
' the same manner as 1ts dichlorotetrafluoro analog. There was
obtained 91 g. (0.38 mole, 78%) of 1,3-difluore-1,1,3,3~ |
tetrachloro-2-propanol, b.p. 77.0-78.0°C /20 mm Hg, n§5 1,4578,
Hg calc. 37.0, found 37.4.

Attempted oxidation of 1,3-Dichloro-l,1,3,3-fetraflyoro-2-
propancl with Aqueous EEQE

A 1000 ml., 3-necked flask was equipped with a motor

driven stirrer, additlon funnel and thermometer well. The
thermometer well was equipped with a side arm to allow gasses
to escape, and this side amm ﬁas attached to a Dry~Ices=cooled

trap.
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A 50% aqueous solution of NaOH (500 g, of solution)
was placed in the flask and heated to 95-100°C, 1,3-Dichloro-
1,1,3,3-tetrafluoro-2-propanol (40.0 g.) was placed in the
addition funnel and added slowly to the hot solution. After
the addition of a few ml. of alcohol, the pot temperature rose
spontaneonusly to 118°C, and subsequent addition was made without
external heating. Nevertheless, the temperature of the reaction
medium continued to rise, reaching a maximum of 135°C, After
additlion was complete, ‘the contents of the flask were maintained
at 120°C for several hours, then the reaction was discontinued,
At thils point the flask contained a white 201id suspended in =
liguid medium, and the cold trap contained a lasrge amount of
solid and 2-3 ml, of liquid.

The contents of the cold trap were separated by
filtering quickly, and the solid was allowed to melt. The
liquid thus formed was found to be water. The liquid filtrate
was dried with calcium hydride, and distilled., While a distillate
was obtained, the distillation apparatus was so large relative
to the quantity of distillate that the thermometer was not
wetted and the temperature of the distillaste thus could not
be obtained., This distillate was placed in a small vial, and
sealed with paraffin, In splte of these precautions, the
sample evaporated before any attempts to identify it could
be made,
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The strongly basic suspension in the original resction
flask was diluted with water to a volume of 2000 ml., whereupon
most of the solid dissolved. This material was then placed in a
continuous extraction apparatus, and extracted with ether for 40
hours, after which the aqueous portion was flltered from
undissolved solids and discarded. The solid material was
identified as sodium fluoride. (NeF is soluble only to the extent
of 4-5 g, per 100 ml. of water -- it is much less soluble in water
which contains large amounts of NaOH and NaCl. This explains 1its
“failure to dissolve in the first dilution).

The ethereal extract was distilled. After removal of
all of the ether only 2=3 ml, of 1liquid remained. Thils residue
was strongly basic, and further evaporatlon on a steam bath
yielded a hygroscopic solid, Probably this was NaOH, extracted
by the wet ether.

No epoxide was 1solated, nor is it likely that eny
epoxide was formed as the result of the reaction. The low
boiling liquid in the oold trep could hardly have been the
desired epoxide, because of 1ts volatility. The most logical
conclusion is that the slocohol was completely decomposed by

the strong, aqueous base.

Attempted E%o;idgj;on of 1,3,3-Trichlore-1,1,3=-trifluoro-2-
propanol with Quinoline

The same gpparatus was employed as descoribed in the

preceding experiment. Quinoline (140 g.) was placed in the
flask, the aspparatus was evacuated to a pressure of 100 mm Hg.,

" and the quinoline was heated to 75°C. 1,3,3-Trichloro-1,1,3-tri-
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fluoro=-2«propancl (60g,) was added slowly from the addition
funnel. No apparent reaction occurred, and no condensate was
found in the cold trap. The temperature was ralsed slowly to
190°C, at which point a vigorous reaction occurred. The pot
temperature roée spontaneously to 230°C, and white fumes were
evolved. When reactlon subsided, the cold trap was found to
contain a mixture of quinoline and quinoline-HX salt. The
material in the reaction flask was viscous and black, and on
cooling it set to a so0lid, tarry mass. As in the case of the
dichlorotetrafluoro analog with aqueous base it seems apparent
that the alcohol was completely decomposed by the quiﬁoline,
the aclds thus formed catalyzing the polymerization of the

organic base.

Attempted Epoxidation of 1,3,=-Difluoro-1,1,3,3-tetrachloro-2-
propancl with Quinoline ' .

Beoause in the previous experimen£ no regction occurred
below 190°C, at which time all of the reactanté were in solution,
1t was felt that the slow addition of alcohol to hot quinoline
might produce the epoxide (in this case 1,3-difluoro-1,3,3-tri-
chloro~l,2-epoxypropane) which wouiﬁ distill from the mixture
immediately. In this way, prolonged contéot.with the base would
be avolded, and the opportunity for decomposition would be
lessened., Accordingly, the thermometer well of the apparatus
was replaced by a steam=heated reflux condenser, with the open

end connected to the cold trap.
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Quinoline (200 g.) was placed in the flask and heated
until it refluxed slowly. The alcohol (91 g.) was added dropwise
fromn the addition funnel, During addition the viscosity of the
qﬁinoline appeared to lncrease somewhat, and the reaction mixture
occasionally gave off fumes indicatins decomposition was occurring.
When alcohol addition was complete, heating was continued for 1/2
hour. Upon cooling, the reaction mixture was a solld tarry mass,

A small amount of solid was found in the cold trap. At
room temperature, this material was liquid (ca. 5 ml) which formed
two layers., The lower layer, about hslf of the materlal, was
tdentified as quinoline. The upper layer was lost during
transfer, but it seems unlikely that this materiel could have
been the desired epoxide because of its density, which was less
than quinoline.

2-Methyl=3,3,3-trifluorepropene

The proocedure used in this experiment was similar to
that described by MoBee, Pierce and Chen (5). The alcohol
employed was an azeotrope of 2~methyl-3,3,3=trifluoro-2«propanol
with ethanol. Prom 300 g. of this azeotrope and 1150 g. of
concentrated sulfuric acid at 90-165°C there was obtained about
150 ml. of Ampure product. After thorough washing to
remove SOs followed by distillation, 40 g. (0.36 mole, 24%
based on the assumption that the starting material was two
thirds trifluoro-t-butanol and one third ethanol as approximated
from its refractive index) of 2-methyl-3,3,3-trifluoropropene
was obtained, b.p. 6-7°C (6).
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2:2,5,5,4,4,4-Heptafluorobutyraldehyde

The procedure used in this experiment was the game
a8 that desoribed in the literature (7,8) except that ethyl
acetate was used to destroy excess lithium aluminum hydride,
From 642 g. (3.0 moles) of heptafluorobutyrio acid and 78 g.
(2.0 moles) of 1lithium alumirum hydride there was obtained
271 gz. (1.37 moles, 46%) of heptafluorobutyraldehyde, distilled
from its aldehydrol and concentrated sulfuric scid.
3,3,4,4,5,5,5=-Heptafluoro=-2=pentanocl

A three liter, three-necked flask  was fitted with a
cold-finger condenser, power-driien Hershberg-type stirrer, and
a dropping funnel. Two moles of methyl magnesium bromide
in 1200 ml,. of ether was prepared in the flask in the conventional
manner. 2,2,3,3, 4, 4, 4~-Heptafluorobutyraldehyde (271 g., 1.37 moles)
dissolved in an equal volume of ether was added through the
dropping funnel over a four hour period. (Because the Grignard
reagent 1s a sufficlently strong base to polymerize the aldehyde,
i1t was necessary to stir cautlously during the addition to prevent
spattering with resultant plugging of the funnel), After
completing the addition the reasction mixture was stirred for one
hour, then poured onto a mixture of 200 g. of cone, HgS804 and 1800 g,
of crushed ice. The ether layer was separated and the aqueous
layer extracted with three 400 ml. portions of ether. The
ether solution was dried over NagSO,, then the ether was removed
by distillation through a one foot Vigresux éolumn. The
remaining 1iquid was dried first over Drierite then over ocalcium

hydride,
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Fractionstion through a Todd column, (12 mm, barrel
packed with 1/8'* glass helices) ylelded 153 g. (0.72 mole,

53%) of 3,3,4,4,5,5,5=heptafluoro-2-pentanol, b.p. 101-2°C (20).

3,3,4,4,5,5,6-Heptafluoro-l-pentene (9
3,3,4,4,5,5,5-Heptafluoro-2-pentancl (153 g., 0.72 mole)

was mixed with phosphorus pentoxide (150 2., 1,07 moles) and

heatsd to 190-200°C, The olefin (117 gz., 0.60 mole, 84%) was

distilled from the mixture, b.p. 31°C.

Hypochlorination Studies

The procedure of Kadesch (10) was used throughout these
experiments.

A. Hypochlorination of Butadlene

The reaoction.was carried out in a five-liter, three-
necked flask, fitted with a Dry Ice-cooled cold-finger condenser,
anchor-type stirrer, and gas inlet tube. The latter was comnected
by means of sppropriate connectlons to a butadiene cylinder and a
carbon dioxide oylinder. Two bubblers were interposed between
the cylinders and imlet tube to indicste the rate of flow of each
gas stream. The reaction flask was cooled with a salt-ice bath to
maintain the resction temperature near 0°C.

Caleium hypochlorite (140 g., 2.9 moles of Cl) was
dissolved in 3850 g. of water and the solution was cooled to 0°C.
Simultaneous streams of COz and butadiene were passed 1lnto this
solution with the carbon dioxide entering approximately six times
as fast as the butadiene. After four hours, a test for free chlorine
with a potassium lodide - starch solutlion indicated no free chlorine.

Only 72 g. (1.33 moles) of butadiene had been added.
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The reaotion mixture was filtered from CaCO,, and the
clear filtrate was extracted with four 400 ml. portions of ether,
The ethereal solution was dried over Nag80,, then over CaSO;.

The ether was removed by distillatlon, leaving 28 g. of high
bolling residue, presumably the mixed chlorohydroxybutenes. No
further purification or characterization seemed appropriate,

B. Hypochlorination of Butadiene

A repeat of the above procedure using the samé amount
of caleium hypochlorite but a great excess of butadiene (380 Ee,
6.6 moles) yielded 43 g. of impure products.

C. Hypoochlorination of Vinylidene Fluoride

A 3.5% solution of calcium hypochlorite in water was
prepared (150 g..in 4130 g. of water) and a 200% excess of vinylidene
fluoride (675 g., 10.5 moles) was added along with CO; in the
manner previously deseribed, over a seven hour perlod., The
reaction mixture was filtered and extracted, then the ether was
distilled from the extract. A residue was obtained which was
too small (less than 10 g.) to warrant further purification,

D. Hypoohlorination of 3,3,4,4,555-Heptafluoro-l-pentene

A 3% aqueous solution of calcium hypochlorite (382, in
1210g. of Ha0) was prepared and cooled to 0°. 34344,4,5,5,5-Hepta-
fluoro-l-pentene (117g., 0.59 moles) was added and then a stream of
CO; passed through the two-phased mixture. After four hours the
solution was homogeneous. However, after extraction with carbon
tetrachloride and subsequent distillation of this solvent, no
product was obtained, and no olefin was recovered. The most likely
assumption is that addition falled to occur, and the prolonged COg

sweep removed the olefin from the reaction mixture.
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Dibutyl Formal

The procedure followed in this preparatlion ﬁas gimilar
to that desoribed by Vogel (11).

Paraformaldehyde (30g.), n-butenol (148g., 2.0 moles)
and anhydrous PeCls (4g.) were mixed and heated to reflux. After
about 16 hours, the mixture was cooled and the water layer was
removed, The organlc 1éyer was washed once with a 10% solution
of NapCOs, then several times with a solution made by mixing 40 ml,
of 6% Hz0p with 5 ml. of 10% NayCOs, -and finally with water.
After drying over anhydrous KpCO,, the materlal was distilled
from Caly through a Todd column (12 mm. barrel filled with
Heli-Pok) to obtain 20g. of unreacted n-butanol and 93 g. {0.58
mole, 67% yield) of n~butyl formasl, b.p. 182°C, n]2)5 1.4040.

2.2.3.3.4,4-Hexafluoro~1,S-Qentanediol

1,2-Dichlorohexafluorocyclopentene (490 g., 2.0 moles)
was suspended in 800 ml, of water by means of vigorous stirring,
and oxidized by the portionwise addition of potassium permangancte
(12). The resulting mixture was allowed to reflux for 24 hours,
then it was cooled snd filtered from the voluminous preclpitate
of manganese dloxide. The filter cake was washed several times
with water, and the combined washing and filtrate were deocolorized
by the addition of a small amount of sodium bisulfite, then con-
centrated by evaporation to a volume of about 500 ml, The
concentrated solution was acidified with 200 ml. ofl98% sulfuric
acid, and placed in a continuous extraction apparatus. Afﬁer
three days of extraction with ether, the aqueous portion was

discarded. Ether was removed from the extract by distillation,
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and the residue was dried by azeotropic distillation with benzene.
The resulting crude hexafluoroglutaric acid was mixed with 95%
ethanol (485 g.), benzene (500 ml.) and concentrated sulfuriec
acid (5 ml.), then refluxed with continuous removal of the
bengene-zlcohol-water azeotrope. When esterification was complete
the excess alcohol and benzene were removed by distilling at
atmospheric pressure, and the crude diethyl hexafluoroglutarate
was distilled at reduced pressure through a short Vigreaux
column. There was obtained 352 g. (1.19 moles, 59% based on the
starting cyclopentene) of product; b.p. 64-72°C/1 mm., ngs 1.3575,

The diethyl hexafluoroglutarate was reduced by
dissolving in an equal volume of anhydrous ether and adding
the solution to lithium aluminum hydride (68.5 g., 1.8 moles)
dissolved in 1500 ml. of 1ce-cold anhydrous éther. After working
up the mixture in the usual manner there was obtained 249 g.,
(1.18 moles, 58% based on starting olefin, 99% based on diethyl
hexafluoroglutarate) of 2,2,3,3,4,4-hexafluoro-1,5-
pentanediol; m.p. 78.5-78.0°C (13).

B, Preparation of Polymers

Apparatus |

The apperatus in which all epoxide polymerizations were
conducted is shown in Figure 1. The bottles containing the charge
were placed in the safety tubes which were then fastened to the
sample wheel. This wheel was rotated inside the box, which was

heated by means of thermostatically controlled electrical hesters,
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Procedure

All polymerizations were conducted in ordinary Coke
bottles, carefully cleaned and dried before use., The bottle
was flushed with dry nltrogen and weighed with its cap, the
latter being fitted with a Teflon liner (0,003'' thickness)
to prevent erosion of the cork. 8So0lid catalyst was welghed
into a dry test tube, then charged to the bottle. Liquid
catalyst was pipetted directly into the bottle. After charging
the catalyst, the oxide was plpetted into the bottle which was
then capped, weighed, placed in the constant temperature air
bath and tumbled for a desired length of time at B80°=90°C,
The bottle was then removed from the apparatus and welighed
to determine loss incurred through leakage., Unused monomer
was removed by applying vacuum from a water asplrator, a oold
trap being interposed between the flask and pump to collect the
oxide for subsequent purification and re-use., The bottle with
its contents and cap was welghed once again.

Conversions were calculated by dividing the welght
of the polymer obtained, by the weight of monomer charged.
Polymerization of Propylene Oxide

A. Preparation of Catalyst (PeCly-Propylene Oxide Complex)
1. Anhydrous PeCly {15g.) was dissolved in gca. 100 ml. of
dry ether, and 25 ml, of propylene oxlde was added over a
40 minute period with efficient stirring. During additlion
and subsequent distillation a dry, nitrogen atmosphere was

maintained in the equipment (Nitrogen was used because 1t
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. Was more oonvenlent--the primary requirement is dryness).
When refluxing had subsided, the ether was removed by
distillation at atmospheric pressure, leaving a syrupy
liquid which was dissolved in acetone and filtered through
a plug of glass wool. Wster was added to the filtrate
until precipitation was complete, and the resulting solid
was filltered with suction and air-dried at 50°C on g clay
rlate,

2. The same procedure was used as in Part 1 above, except

that after filtering the acetone solution was removed from

the filtrate by distillation at atmospheric preasure,

Distillation was stopped when the pot temperature reasched

80°C. The resulting syrupy liquid (FeCIS-propylene oxide

complex) was used without further treatment,
B, Polymer Purification

The polymer was removed from the bottle by repeated

washings with hot n-hexane. Syrupy phosphoric acid was added
to hydrolyze the polymer-FeCly complex and preoclpitate iron
salte, and the mixture was heated until 811 the polymer had
dissolved, then anhydrous calcium sulfate, Nu-Char decolorizing
charcoal, and Filter-Aid were added snd the hot mixture was
flltered. When the filtrate was chilled to 0°C, s0lid polymer
precipitated, which was recovered by filtering. Evaporation
of the hexane filtrate resulted in the recovery of additional

polymer in the form of a heavy, dark-colored oil.
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C. Experimental Data

These data are summarized in Table.2, It is evident
that the FeCl,-propylene oxide catalyst prepared according to
the first procedure desoribed above was not effective 1n the
polymerization of propylene oxlde. The use of the catalyst
prepared acoording to the second procedure proved successful.
It can be seen that the conversion of monomer to polymer is
dependent upon the concentration of the catalyst. However,
no attempt was made to determine the upper limit of datalys£
concentration,

Table 2

 p—
Polymerization of Propylene Oxide (25 ml CH5CHCHgZ0,
24 hours at 80-90°C)

Prepn, of Amount of %
Catalyst Catalyst Wt. Polymer(g) Conversjon
Procedure 1 0.28. <1 <5
Proocedure 1 0.2g. <1 <5
Proocedure 1 0.38 <1 <5
Procedure 1 0.32. _ a <5
Procedure 1 0.42. <1 <5
Proced.ure 1 0.4g. <1 ) <5
Procedure 2 0.1 ml, <1l £5
Procedure 2 0.2 ml, 2 9.8
Procedure 2 0.3 ml,. 4 19.2
Procedure 2 0.4 ml. 10 48,2
Procedure 2 0,5 mle 10 48.2
Prooedure 2 0.6 mle. 15 72.3
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Polymerization of 343,3=Trifluoro-1,2-Epoxypropane Using Ferrio
oride Catalyst -

A,

Catalyst

l. In the few Instances where an PFeClg-propylene oxide catalyst
was used, 1t was prepared according to the second procedure
desorlibed for the preparation of the propylene oxide catalyst.
2. Anhydrous ferric chloride (PFisher's C.P, grade) was used,
for most of these polymerizations. It was used without further
purification.

Polymer Purification

Polytrifluoropropylene oxide 1s not soluble in hexsne., For
this reason, alternative procedures were selected.

1. The polymer was dissolved in an excess of hot acetone
acldified with 1 ml. of concentrated HCl per 100 ml. of acetone,
The resulting solution was concentrated to a small volume by
evaporation, then it was chilled and diluted to 8 or 10 times
1ts volume with water., The solid polymer thus obtained was
filtered and dried in a'vécuum oven for several hours at 100°C.
If the polymer was ocolored the above procedure was repeated,
althouzh the use of HC1l in the acetone was unnecessary.

2. The polymer was dissolved in an excess of hot acetone
acidified with 1 ml. of concentrated HCl per 100 ml. of
acetone., The resulting solution was saturated with anhydrous
ammonia to precipiltate iron salts. The preciplitate was

filtered and washed with hot acetone several times, The

flltrate and washings were conocentrated to a small volume

by evaporation, and treated as in procedure (1).
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C. Experimental Data

Preliminary experiments showed that the FeClg-propylene
oxide complex was not a sultable catalyst for the polymerization of
3,3,3=triflucro-1,2-epoxypropane. Such a complex 1s required for
propylene oxide polymerization, because that oxide reacts vigorously
with anhydrous FeCl; at room temperature. Congequently,propylene
oxide is compléxed with FeCla in ether solution before use, However,
the reaction of 3,3,3-trifluoro-l1,2-epoxypropane with anhydrous
PeCla 18 much less vigorous; probably because the fluorine-containing
oxide 1s less basic than propylene oxlde. The use of anhydrous
PeCl, was found to be satisfactory in promoting the polymerization
of the fluorine-contasining oxide, as shown in Table 3 which lists
the results of preliminary experiments.

Tsble 3

Polymerization of 3,3,3-Trifluoro~l,2-epoxypropane
(10 m1. of the oxide, 24 hours at 80°-90°C) .

Amount of %
Catalyst Catalyst Wt. Polymer (g.) Conversion
FoCls=P.0.2 0.3 ml. P <8
FeCl,-P,0,2 0.5 ml,. 2 16
Fecla-PQO.a 1.0 ml, 2 _ 16
FeCl, 0,05 g, | <1° <8
FoCl, 0,10 g, 8 50
FGCJ.S 0.15 Ee 8 87
FeCls 0.15 g. <1 <gd
FeCl, 0.30 g. 5 414
PeCly 0.45 g. | 8 g7d

a. Activity of this catalyst checked against a oontrol of
ropylene oxlde.

b. o additional polymerization after 60 hours.

c. No additional polymerization after 48 hours.

d. Impure oxide used, which may aoccount for low conversions
at low concentrations of catalyst.
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Following the results of thé preliminary experiments,
numerous tests ﬁere made to determine the effect of varying the
concentration of ocatalysts. The results of all those tesats are
summarized 1n .Table 4, end shown graphically in Figure 2.

Table 4
Composite Results for the Polymerization of 3,3,3=-Trifluoro

1,2=-epoxypropane with Anhydrous FeCls (Ca, 12g. oxide,
_ 80=90°C, 24 hours) '

Wt, FeCla(z,) % FeCla (approx,) % Conversion® Remapks
0.10 1 54 - These results
0.10 1l - 50 were obtained
0.156 1 69 with pure oxide
0.20 2 64 and are
0,30 2 73 reproducible,
0.40 3 88 The polymer was
1.,0P 5 80 pulpy and felt

almost dry,.
0.15 1 8 These results
0.30 2 40 were obtalned
0.45 4 85 with impure

) oxide. The

polymer was

waxier than

those from pure

monomer,

a. These figures are the average of several runs.
b. 20 e of Ox’.deo

Two faocts are apparent:
1. The percent conversion increasses with the amount of
catalyst present {(up to 5%) regardless of the purity of
the monomer.,
2. In those instances where conversions do not 6ompare
for similar amounts of catalyst, the purity of the monomer
is not the same. However, the effect of the 1mpurity may

be overcome by lncreasing the amount of catalyst.
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D, Physical Characteristics of the Polynmer

l., The polymer after pufification is a white, amorphous
s0lid. Varidus batches thus far prepared have varied
in consistency from a waxy substance to a dry, tough
materlal,
72. Qnalitative solubility tests on the polymer are as
follows: | -

Soluble in: acetone, ethyl acetate

Slightly soluble in: Hexane, EtOH, MeOH, Etg0

Insoluble in: CH013, CC].‘. CHaClg, -C.He, MeC‘Hs'
trichloroethylene, HzO

3. The behavior of the polymer on heating has been found
to vary from batoch to batoch, as might be expected. The data
given below may be considered representative althpugh in one
prepération final liquefaction did not occur before 205°,
a. No visible change up to about 65°C
b. Material softens between 65°-80°C
¢, No ohange in shape up %o 90°C
d. Liquefaotion oscurs between 90°-120°C
E. Analytical Data
The polymer should anslyze in a manner identical to the
monomer, as indeed 18 the case,
For (CsﬂaOFa)x
Calc. % F = 50,8, found 50.5

No molecular weight data are as yet avallable.
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Po%xmerization of 5,3.3-Tr1f1uoro¥1,2-epoxxpropane Using Aluminum
oride Catglyst

A, Catalyst
The catalyst used was Baker's C,P, aluminum chloride.
B. Polymer Purification
The polymer was purified using the second procedure
desoribed in the preceding seotion for the purification of polymer
obtained with FeCl, catalyst,
Table 5

Polymerization of 3,3,3«-Trifluoro-l,2-epoxypropane
with Aluminum Chloride (80-90°C, 24 hours

Intrinsic

Wt . Q;ide]g,! Wt . AlCl.(g.[ ﬁ Conversion Visoositxgiz
18.0 0.1 832 0.040
17,0 0.2 g1a 0.035
13,0 0.1 v 100P ———
13,0 0.2 o 1000 c———

a. Purified polymer
b. Crude polymer
C.‘ Experimental Deta
These are given in Table 5. It can be seen that
conversions are nearly 100% in all cases, showing that
aluminum chloride is an effeotive catalyst.
D. Physical Properties of the Polymer
The polymer is a liquid. A.oomparison of intrinsioc
visoosities (acetone solution) shows it has a much lower moleculsr

weight than the polymer obtained with ferric chloride catalysis.
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Polymerization of 2eMethyl-3,3,3=trifluoro-l,2-epoxypropane Usi
Ferric Chloride ﬁataixst

A, Cotalyst

The catalyst used was Fisher's C.P, anhydrous ferric
chloride, except in the few cases where an PeCls-propylene oxide
complex was employed. The latter was prepared according to the
second procedure listed for the preparation of the propylene oxide
catalyst.
B. Polymer Purification

The same methods used for the purification of (CF,CHCHaO)x
were used in these studles.,
C. Experimental Data

As in the osse of the snalogous oxide CF,éEEE;B,
preliminary tests showed that the use of FeClz-propylene oxide
oomplex_failed to cause polymerization; but that the direct use
of anhydrous ferric chloride was successful.

The results of numerous experiments conducted are

sumnarized in Table 6, and shown graphically in Figure 3.
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Table &

Composite Results for the Polymerization of 2-Methyl-3,5,3=
trifluoro-1,2-epoxypropane with Anhydrous FeCls (ca. 12 g.
oxide, 80-90°C, 24 hours)

W, of FeCla (g.) % FeCl, % Conv. Remarks
.05 o4 8 - Impure oxide
.10 «9 26 Impure oxide
.12 1,0 9 Refractionated oxlde
.12 1.1 4 Oxide fractionated once
15 1.3 23 Impure oxide
.24 2.0 31 Oxide fractionated once
.24 2.0 45 * Refractionated oxlide
.24 2.1 27 Oxide fractionated once
.25 2,0 818
.50 4,0 86
.50 4,0 698 Refractionated oxide
.70 8,0 778
.70 6.0 '?5b
.72 8.0 62

a. Heating pericd 64 hours.
b. Average of three runs,

Prom Tsble 8 it can be seen that the rate of polymgrization
of this oxide is oconsiderably slower than that of 3,3,3=-trifluoro-
1,2-epoxypropane. This 18 shown by the fact that comparable
conversions are obtained only after 64 hours at 80-90°C, whereas
24 hours 1s'sufficient for 3,3,3~trifluore~-1,2-epoxypropane.

In either case, the purity of the monomer is important, lmpure
oxides lower the conversion.
D. Physical Characteristics of the Polymer

The polymer after purification is a brownish oil,
regardless of the amount of catalyst used. This 0il has a
viscoé1ty-temperature s1ope similar to a mineral oil, and has

a specific gravity of 1.3 (approx.).
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E. Analytical Data

The_polymer should analyze in a mammer identicael to the
monomer. That it does not may be due to incomplete decomposition
of the analytical sample or other factors not yet understood.
Samples have been preﬁared for spectroscopic study, but no data
are avallable on those ngples at this writing.

For (C4H50F3)x

Calc./% F = 45,2, found 42.7
" Molecular weight data have been obtained by the method
of boiling point elevation of an acetone solution on what were
considered to be representative gsamples. From this method, average
values of 980 were obtained. However, the method cannot be considered
accurate.

A comparison of this polymer wlth that obtained by the
ferric chloride or aluminum chloride catalyzed polymerizations of
3,3,3-trifluorec-l,2-epoxypropane, uging intrinsic viscosity
measurements, indicates that this polymer 1s lower in molecular

welght.

' Polymerization of Z-Metgxi-siS,3—tr1f1uoro-1,2-epoxxpropane
gsing Aluminum oride Catalyst

Owing to the vigorous reaoction of the catalyst with
the monomer, it was necessary to chill the oxide in Dry Ice
before adding to aluminum chloride. No other change in the
procedure was required.

A. Coatalyst

‘Baker's-C.P. grade aluminum ohloride was employed.
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B. Polymer Purification

The polymer was purified using the anhydrous ammonia
procedure reported for the purification of (CFSCHCHBO)x using
FeCl, catalyst,
C. Experimental Data

'These are summgrized in Table 7 agd shown graphically
in Figure 3. It is of interest to note that polymerization
otcurs about as well at room temperature as at 80~20°C,

Table 7

Polymerization of 2-Methyl-3 3,3=-trifluoro-1,2-epoxypropane
with A1Cl, (Ca. 12 g. oxide, 24 hours).

Wt. % Temp., Polymer %
Catalyst (°C) Wt. (g.) Conversion
2.0 80-90 11.3 95
2,0 25 11.5 g8
05 80"90 03 2
4,0 80-20 11.8 a8

As in the case of 343 ,43=trlfiuoro-1,2-epoxypropane,
conversions are nearly quantitative above 0.5 wt. % of catalyst,
D. Physical Properties of the Polymer

The polymers are 1liquid, regardless of catalyst
concentration,

E. Analytical Data

Molecular weight data obtained by ebulliometric methods
(acetone solution) indicate these polymers are greater in weight
than those obtained by ferric chloride catalysis (2200 vs 980),
As the method cannot be considered accurate, these figures must

be interpreted with oaution,
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Polymerization of 2-Methyl=3,3,3-trifluoro-1,2-epoxypropane
Using SOy and BCl, Catslysts

A, Catalysts

The catalysts used in these experiments were S03 in
liquid form (Sulfan B,'from the General Chemical Company), and
anhydrous BClg (obtained from Matheson).

B, Polymer:Purification

Not enocugh polymer was obtained with these catalysts
to warrant purification.
C. Experimental Data

Thege are summarized in Taeble 8 and shown graphlcally
in Figure 3. |

Table 8

Polymerizations of 2-Methyl=3,3,3-trifluoro-l,2-epoxypropane
with BCly and SOs (ca. 12 g. oxide, 80-90°C, 24 hours

Wt. % Polymer %

Catalyst Catalysts wt. (g.} Conversion
803 N 1.2 0.3 5
SO' 200 1.9 16
30, 2,0 3.0 25
80, 1.0 0.8 7
S0, 2.0 1.3 11
S0, 4.0 2.4 19
BCl, 2.0 1.1 9
BCl, 4.0 1.7 14
Copol rization of 3,3,3=- fluoro-l , 2-epox ane with

2-Methyl-3,3,5«trif luoreo=-1,c-epoxypropane
A, Cetalyst
Only anhydrous FeCl, (Fisher's C,.P.) was studied as

a catalyst. |
B. Polymer Purification

- The polymeric material was purified using the anhydrous
ammonia procedure reported for the purification of (CF.CHCH,O)I.
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C. BExperimental Dats
These are summarized in Table 9. It 1s evident that
excellent conversions are obtainable, although whether or not
the polymer is a true copolymer or a mixturé of homopolymers is
not certain.
Table 9

—/—  e——
Copolymerization of CF3CHCHZ0 with CF4C(CHs)CHR0 Using
FeCl, Catalyst (80-90°C, 24 hours)

Vol. % Vol. % Wt, Combined Wt. % wt. %
CF,CHCH;O CF,C‘CH.!CH, Ox;des]ggl FeCl s Pglxmer!g,] Convers;gn
95 5 12,5 5 845 68
95 5 12,5 5 9.5 78
.90 10 12,5 5 8.5 88
90 10 12.5 5 8.5 88
80 20 13,0 5 9,0 69
80 20 13,0 5 9.5 73
50 50 ——— 5 -——- 908
50 50 -—— 8 - 958

a. _The recggered monomer mixture had n%s 1,3052., In all otper
cases (].3.
D. Physical Properties of the Polymer
The polymers become increassingly dark-colored and tacky
as the percent of CF,&(CH,)CH.B is inoreased,
E. Analytical Data
Because these polymers were prepared for vulcanization

studies, no analytical data were obtained.
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Attempts to Incorease the Molecular Weight of Liquid Polytrifluoro-
propylene Oxide

The procedure employed in these experiments was to mix the

polymer and reagent together with catalyst (if used), seal them in
a glass ampdule and heat in an oven at 110°C for varying lengths of
time. Whether or not reactlon had ocourred was determined visually
by comparing the viscosities of the treated polymers with an
untreated sanmple, _
A. When maléic anhydride was employed (2g. of polymer, 0.2 g.
of anhydride) using p—toluéne sulfonic acid (0,02 g.) as catalyst,
no change in viscosity of the fluld was observed after heating
overnight. The malelic anhydride remained undissolved in the liquid.
B. Using hexamethylene dilsocyanate (2g. of polymer, 0.2 g. of
diisocyanate) with pyridine (0,02 g.), the viscosity of the polymer
had increased noticeably after heating overnight; and some solild
material had formed. There was not sufficient soiid material
~present to permit its charaoterization. |

In all prébability, the chain length of the polymef--
and consequently, its molecular weight -- 1s increased by
diisocyanate. ILack of a sultable method for determining molecular
welghts prevents a more conclusive statement.

" Attempts to Increase the Moleocular Weight of Poly(trifluoromethyl)
propylene Oxide

The study of methods of inoreasing the molecular weight

of poly(trlfluoromethyl)propylene oxide was conducted using hexa-
methylene diisooyanate. Three 1lg. samples of the polymer were

‘mixed respectively with 0.05 g., 0.1 g. and 0.2 g. portions of
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the dilsocyanate in small glass ampoules. A fourth ampoule was
loaded with the oxilde and no dilsocyanate. The ampoules were
sealed and placed 1In a 150°C oven for twenty-four hours.

After thils reaction period the samples were cooled and
a definite change could be noted in every sample containing the
d1isoocyanate. The polymer sample containing no reagent did not
appear to be changed but the sample contalning 5% diisoocyanate
was a brown, highly-viscous liquid. The samples containing 10%
and 20% reagent were darker brown and more viscous than initially,
although not as viscous as the sample containing 5% reagent,
Possibly all polymers are of equally high molecular weight, but
dilution with the.diisocyanate lowers the apparent visocosity.
Here again, lack of a sultable method for determining molecular
welghts has hampered thils part of the program,
Polyglycol Formals

A, An attempt was made to react 2,2,3,3,4,4-hexafluoro-
1,5-pentanediol with butyl formsl exactly as described by Hill and
Carrothers (14) who employed the non-fluorine-containing analogs.
Butyl formal and 5% exocess glycol, together with a catalytic amount
bf anhydrous FeCly, were heated together at atmospheric pressure,
then under reduced pressure. While some reaction occurred, as
evldenced by the production of impure. butenol, the results were
inconclusive. A large amount of charring ococurred, and most of the

glycol was recovered unchanged,
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B, A 300 ml. flagk was fitted with a 6 inch, glass
helices vacked column topped with a varlable take-off head. The
flask was charged with 22 g. of glycol, 16 g. of butyl formal and
0.1 g, of p=toluene sulfonic acld. A vécuum was spplied (25 mm,., Hg)
and the flask was heated until the skin temperature rose to 130°C.
The contents of the flask never exceeded 100°C, A small amount of
reflux was observed, but no non-condensible product was evolved
as evidenced by the absence of any liquid in the cold trap interposed
between the gpparatus and the pump. After 24 hours of heating, the
material in the pot had darkened slightly, and upon cooling, part
of the mixture crystalllized,

The reactlion mixture was diluted with benzene and heated
until all the solld dissolved. Upon cooling there was precipltated
11 g, of solid identified as unreacted glycol (50% recovery).

The benzene was evaporated in a stream of alr, after which
the regidue weighed 25 g. This residue was a brown colored liguid,
and it had an odor charaocteristic of butyl formal. When 1t was
heated on a steam bath in a stream of air, the odor of formaldehyde
became apparent when the welght had been reduced to 15 g. The odor
of butyl formal no longer was present. Upon prolonged standing,
additional glycol was precipitated.

It is spparent that a glycol formal was formed as a product
of the reaction between the fluorine-contalning glycol and butyl
formal, However, the materlial is unstable, decomposing wlth
heat or on long standing. This would indicate that the formal
(either linear, or a cyclic monomer or dimer) undergoes spontaneous

reaction to reform the monomers.
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