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(57) ABSTRACT 

Per?uoro-4-alkyl-1,3-dioXoles having the general formula 

(I) 

F—‘|:_—T—Rf 
O O 
\C/ 
/ \ 
F F 

Wherein Rf is a per?uoroalkylic radical having from 1 to 5 
carbon atoms, alloW to prepare copolyrners With Tg higher 
than those of the copolyrners containing the same rnolar 
percentage of ?uorinated dioXoles of the art. 
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NEW PERFLUORODIOXOLES 

[0001] The present invention relates to a class of dioXoles, 
and more speci?cally it relates to TFE copolymers With 
dioXoles, said copolymers having a higher Tg in the range 
01-50% by moles of dioXole, in comparison With the 
copolymers of TFE With the knoWn dioXoles. 

[0002] Various structures of dioXoles have been described 
in the art. The US. Pat. No. 3,865,845 describes the per 
?uorodimethyldioXole (PDD) having the formula: 

0 O 
\C/ 
c113 c113 

[0003] The patent EP 76,581 describes the folloWing class 
of halo-per?uoroalkyl-dioXoles: 

[0004] Wherein Y4, Y5, and Y6 are F or Cl, While R2 is a 
per?uoroalkyl radical having from 1 to 4 carbon atoms. 

[0005] The patent EP 80,187 relates to 2,2,4,5-tetra?uoro 
1,3-dioXole (PD) having the formula: 

[0006] The patent EP. 633,257 relates to the folloWing 
class of per?uoroalkyl-per?uoroalkoxy dioXoles having the 
formula: 

[0007] Wherein Rf is a per?uoroalkyl radical having from 
1 to 5 carbon atoms; X1 and X2 are, independently from each 
other, F or CF3. 

[0008] The draWback of the per?uorodioXoles described 
in the US. Pat. No. 3,865,845, EP 80,187 and EP 76,581 is 
that they tend to spontaneously homopolimeriZe. 

[0009] For eXample the per?uorodioXole (PD) of EP 
80,187 tends to homopolymeriZe also at very loW tempera 
tures such as —78° C. Therefore this substance is not stable. 
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A further draWback is that in the copolymeriZation products 
it is difficult to have an homogeneous distribution of the 
components along the chain. 

[0010] In the GB patent 2,211,845 a process is described 
to obtain dioXoles having formula: 

[0011] Wherein R1 and R2 are independently selected from 
?uorine, chloroalkyl and C1-C3 ?uoroalkyl; R3 is ?uorine, or 
chlorine, or C1-C3 per?uoroalkyl. In this patent reference is 
made to the US. Pat. No. 3,865,845 (see above) for the 
obtainment of dioXolanes from Which the dioXoles having 
the above mentioned formula are obtained. This patent (GB 
2,211,845) does not give any indication about the properties 
of the obtainable copolymers and in particular about the Tg. 

[0012] In the art, the reactivity of substituted per?uoro 
alkyl dioXoles that is of per?uoro-2,2,4-trimethyl-1,3,-dioX 
ole (PTD) (Ming-H. Hung, Macromolecules 26, 5829-5834, 
1993) having the formula 

[0013] has been studied. 

[0014] This compound is obtained by reacting heXa?uo 
roacetone With 2,3 epoXy-1-propanol (M. H. Hung, J. Can. 
Chem. Soc. 1990, 112, 9672). 

[0015] The PTD dioXole shoWs a poor reactivity: it loWers 
the polymeriZation kinetics, it does not homopolymeriZe and 
is not capable to copolymeriZe With TFE. The PTD loW 
reactivity can be attributed to the steric effects of the 4 
position tri?uoromethyl group. 

[0016] As regards the processes to obtain (per)?uorodioX 
oles, according to the art, the preparation of these com 
pounds is carried out from the corresponding dioXolanes 
having a chlorine atom respectively in the 4 and 5 positions 
by dehalogenation reaction With metals such as Mg, Zn, in 
particular Mg. These reactions are carried out in organic 
solvent such as dioXane, DMF, in particular dimethylforma 
mide (see US. Pat. No. 3,865,845, EP 76,581, EP 80,187). 
Reactions using polluting solvents are involved, Whose 
disposal is difficult. In the art (WO 91/03472) it has more 
over been shoWn that the dehalogenation yield increases 
When the dioXolane the anti isomer amount (the isomery is 
referred to the position of the tWo chlorine atoms in the 
molecule) is higher than that of the sin isomer. 

[0017] The need Was felt to obtain per?uorodioXoles 
alloWing to prepare copolymers With ole?nic comonomers, 
in particular TFE, having a Tg higher than the copolymers 
of the art With the same dioXole content. 
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[0018] A higher Tg value allows the use of the polymers 
at higher temperature. 

[0019] It has been noW surprisingly and unexpectedly 
found that it is possible to overcome this problem by means 
of a novel class of per?uorodioxoles, Which are obtained 
With high yields by a neW process more favourable to the 
environment than the knoWn one. 

[0020] An object of the present invention is a class of 
per?uoro-4-alkyl-1,3-dioxoles having the general formula: 

(I) 

[0021] Wherein Rf ?uoroethylene, is a per?uoroalkylic 
radical having from 1 to 5 carbon atoms. 

[0022] Surprisingly said class of dioxoles copolimeriZes 
With ole?nic monomers even if the per?uoroalkyl substitu 
ent is present in the 4 position of the ring, to the steric effects 
of Which the PTD loW reactivity has been attributed, as seen 
in the art. 

[0023] In examining the prior art, it has been noticed that 
factors of steric type, due to the presence of groups directly 
bound to the carbon atoms in position 4 or 5 of the dioxolene 
ring, are capable to lessen or hinder the polymeriZation 
processes. 

[0024] Surprisingly, the compounds of formula (I) are, on 
the contrary, capable to easily (co)polymeriZe. 

[0025] The preferred compound in the general formula is 
per?uoro-4-methyl-1,3-dioxole (PMD) having the formula 
(II): 

(II) 

[0026] A further object of the present invention are the 
copolymers With monomers containing ole?nic or of ole?nic 
type unsaturations, obtainable With the compounds of for 
mula (I), containing from 0.1 to 50% by moles of the 
folloWing unit: 

(III) 
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[0027] 
de?ned. 

Wherein Rf is a per?uoroalkylic radical as above 

[0028] These polymers shoW a more homogeneous com 
position along the chain, also When the dioxoles concentra 
tion in the polymer is higher than 12% by moles. 

[0029] The per?uorodioxoles of the invention can copo 
lymeriZe With one or more comonomers having ole?nic 
unsaturations, such as for example, differently from PTD, 
tetra?uoroethylene. 

[0030] It is surprising and unexpected that the copolymers 
With TFE in Which the dioxole content of the invention is in 
the range 0.1-50% by moles have an improved Tg in 
comparison With the TFE copolymeriZed With the knoWn 
dioxoles. 

[0031] The monomers of the invention can copolymeriZe 
With vinyilidene ?uoride, vinyl ?uoride, tri?uoroethylene, 
per?uoropropene, per?uoromethylvinylether, per?uoroet 
hyl-vinylether, per?uorodioxole PD, per?uoro (2,2-dim 
ethyl)-1,3-dioxole, per?uoro-4-methoxy-1,3-dioxole, 
CF2=CF—O—CF2—CF2—SO2F, CF2=CF— 
(OCF2(CF3)CF)n—O—CF2—CF2—S02F Wherein n is an 
integer from 1 to 3, chlorotri?uoroethylene, vinyl chloride, 
methyl (meth)acrylate, butyl (meth)acrylate, ethylene. 
[0032] The copolymers can be prepared by polymeriZation 
of radical type, both in aqueous and organic medium. 

[0033] In the aqueous medium polymeriZations, the poly 
meriZation initiator can be any substance capable to produce 
radicals, such as for instance peroxides, persulphates or 
aZo-compounds. These compounds in the reaction condi 
tions have an average life such as to alloW to obtain the 
polymer With the desired molecular Weight. Also a reducing 
agent can optionally be used, such as for instance an iron 
salt, in order to promote the initiator decomposition. 

[0034] The used initiator amount depends, as knoWn, on 
the polymeriZation temperature, on the optional transfer 
agent presence, on the desired molecular Weight and gen 
erally on the employed reaction conditions. The aqueous 
medium polymeriZation requires the presence of an emusi 
fying agent. See for instance EP 184,459. 

[0035] Alternatively, the polymeriZations can be carried 
out in organic solvent as described in US. Pat. No. 3,642, 
742. Any initiator suitable to the TFE polymeriZation in 
organic solvent can be used. Preferably the initiator must be 
soluble in the reaction solvent. Examples of initiators are 
alkylpercarbonates, per?uoroacylperoxides, benZoyl perox 
ide and aZo-bis(isobutyronitrile). 

[0036] Redox systems can also be used such as those 
described in Prog. Polym. Sci, 8, 61 (1982). The solvent is 
generally selected from (hydro) (chloro) ?uorocarbons and 
(hydro) per?uoropolyethers, When H is present it is in one or 
both ends, preferably in both. 

[0037] The novel polymers have Tg higher than those of 
the polymers of the art containing the same dioxole percent 
age, as shoWn in Table 1. 

[0038] As already said, higher Tg values alloW a greater 
?exibility of the polymer use at high temperatures. 

[0039] The TFE crystalline copolymers are used to pre 
pare dielectric materials. 
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[0040] Amorphous copolymers containing the invention 
dioxoles are used for coating of electric Wires and of parts 
to be insulated, besides in the optical ?bers ?eld, due to their 
loW refraction index. 

[0041] The amorphous copolymers use higher amounts of 
comonomer in comparison With the crystalline copolymers. 
This depends on the various types of comonomer used. The 
skilled in the art can easily determine the invention dioxole 
amount for obtaining amorphous copolymers by determin 
ing With the knoWn analytical methods of the art the disap 
pearance of the crystalline domains. Generally in the crys 
talline copolymers the % by moles of dioxole is loWer than 
15% by moles. 

[0042] A further object of the present invention is a 
process for preparing With high yields the per?uorodioxoles 
of the invention, characteriZed in that the dioxolanes con 
taining in position 4 of the ring a ?uorine atom and a second 
halogen selected from F, Cl and Br, and in position 5 an 
hydrogen atom, are submitted to dehydrohalogenation reac 
tion in alkaline solution. 

[0043] When in position 4 a Cl or Br atom is present, it has 
been found that the dehydrohalogenation reaction is selec 
tive toWards the removal of HCl or HBr, respectively, also 
When the dioxolane molecule contains ?uorine atoms in 
vicinal position With respect to the C—H group, and, 
therefore, HF elimination could take place. 

[0044] Moreover it has been found that the yields of the 
neW process are independent from the percentages of sin and 
anti isomers present in the starting dioxolane. 

[0045] The dehydrohalogenation reaction is carried out in 
KOH or NaOH aqueous solutions in phase transfer condi 
tions, for example in a KOH solution having a concentration 
in the range 20-60% by Weight, preferably 30-50%; the 
reaction temperature is in the range 20°-100° C., preferably 
30°-80° C. The phase transfer agent can be a phosphonium 
salt or a quaternary ammonium salt. In this Way the problem 
solution of the reaction mother liquors disposal is made 
much easier With respect to the prior art. 

[0046] The per?uoro dioxoles of the present invention can 
be prepared by reacting, in a ?rst step (reaction a) an ole?n 
of formula Rf—CH=CFX (X=F, Cl, Br), Wherein Rf is a 
radical as above de?ned, With hypo?uorite gas CF2(OF)2 
(BDM) and by subjecting in a second step (reaction b) the 
obtained dioxolanes to dehydrohalogenation in KOH or 
NaOH aqueous solutions according to the folloWing process: 

(a) 
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-continued 
0)) 

T l‘ 

[0047] The reaction a) is carried out at temperatures in the 
range —140° C./+60° C., preferably —110° C./—20° C., and 
leads to the dioxolane obtainment. 

[0048] The ole?n of formula Rf—CH=CFX Wherein 
X=F can be perpared according to the folloWing general 
scheme (M. Murray et al. J. Am. Chem. Soc. 82, 2868 
(1960): 

[0049] Instead of the ?uorine atom on the carbon in 
position 1 also a chlorine or bromine atom can be introduced 
according to the methods knoWn in the art. 

[0050] The ole?n is in liquid phase and preferably is 
mixed With a solvent selected from (hydro) (chloro)?uoro 
carbons and/or (hydro)per?uoropolyethers, When H is 
present it is in one or both terminal ends, preferably in both 
(ex. Galden®, H-Galdenv®, Fomblin®, Krytox® Dem 
num®). Among the latter, those having a molecular Weight 
comprised betWeen 500 and 1000 are preferred. 

[0051] The hypo?uorite or bis(?uoroxy)di?uoromethane 
(BDM) is preferably fed in a continuous Way, in gaseous 
phase and preferably diluted With an inert gas such as for 
example N2, He or Ar. The ratio betWeen the volume of the 
diluent gas and the hypo?uorite is generally in the range 
3-10, preferably 3-6. 

[0052] The bis(?uoroxy)di?uoromethane is a knoWn com 
pound and can be prepared for example as described in F. A. 
Hohorst, J. M. Shreeve, J.Am.Chem.S0c.87, 1809 (1967); P. 
J. Tompson,JAm. ChemSoc. 89, 4316 (1967); R. L. Cauble 
e G. H. Cady, JAm. ChemSoc. 87, 5161 (1967). 

[0053] The dehydrohalogenation reaction b) is carried out 
as previously described. 

[0054] The ?nal compounds are distilled from the reaction 
crude material and, as said, can be inde?nitely kept at room 
temperature. 

[0055] A further object of the present invention is the 
synthesis of the dioxole of formula (II) (PMD) according to 
the folloWing synthesis scheme: 

[0056] a‘) radical addition of bromo-chloro-di?uo 
romethane CF2BrCl to 1,1-di?uoroethylene (VDF) 
CH2=CF2 to obtain the compound having the formula 
BrCF2—CH2—CF2Cl; 
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(tBllO)2 
CFZBTCI + CH2: CFZ - - - - - - - -> ClCF2— CH2— CFZBT 

[0057] b‘) dehydrohalogenation reaction of the com 
pound BrCF2—CH2—CF2Cl in phase transfer condi 
tions in KOH' aqueous solution, and formation of the 
ole?n having the formula ClCF2—CH=CF2; 

[0058] c‘) re-arrangement of the ClCF2—CH=CF2 ole 
?n catalyzed by AlCl3 and formation of the ole?n of 
formula CF3—CH=CFCl; 

[0059] d‘) addition of bis(?uoroxy)di?uoromethane to 
the CF3—CH —CFCl ole?n With formation of the 
dioxolane: 

Cl H 

F- - -C C—CF3 

CF —CH—CFCI 99991:?’ I 
3 — O\C/O 

/ \ 
F F 

[0060] e‘) dioxole formation by dehydrohalogenation of 
the dioxolane in KOH or NaOH aqueous solutions: 

[0061] The reaction (a‘) occurs in the presence of initiators 
such as for example aZo-compounds or peroxides; the reac 
tion temperature is selected in connection With the used 
initiator and generally is in the range 60°-130° C.; the molar 
ratio betWeen CFzBrCl and VDF is in the range 2-10, 
preferably 3-6. The presence of solvents is not necessary. 

[0062] For the use of CFZBr2 as a telogen, reference is 
made to the paper by P. Tarrant, A. M. Lovelace and M. R. 
Lilyquist, J. Am.Chem.S0c.77, 2783 (1955). 

[0063] The reaction (b‘) is carried out in phase transfer 
conditions, in KOH aqueous solution having a concentration 
in the range 20-60% by Weight, preferably 30-50%; the 
reaction temperature is in the range 20°-100° C., preferably 
30°-70° C.; the phase transfer agent can indifferently be a 
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phosphonium salt or a quaternary ammonium salt; the 
reaction is carried out at the reduced pressure of 600-100 
mmHg, preferably 500-200 mmHg. The reduced pressure 
alloWs to remove from the reaction medium the ClCF2— 
CH=CF2 ole?n Which is obtained With high yields, and 
Which is collected in a trap at loW temperature directly 
connected With the reactor. 

[0064] The reaction (c‘) is carried out With an amount by 
moles of AlCl3, in the range 2-20%, preferably 5-15% With 
respect to the ole?n moles ClCF2—CH=CF2; the reaction 
temperature is in the range —50°/+30° C., preferably —30/+ 
20° C. In this step the presence of solvents is not necessary. 

[0065] The reaction (d‘) and the subsequent one (e‘) are 
carried out as described for the obtainment of per?uorodiox 
oles. 

[0066] The folloWing examples are given for illustrative 
purposes and do not limit the scope of the present invention. 

EXAMPLE 1 

Preparation of 
4-chloro -5 -trifluoromethyl-2,2,4-trifluoro- 1 ,3 -dioxolane 

EXAMPLE 1a 

Preparation of 
1 -bromo-3-chloro- 1, 1 ,3,3 -tetra?uoroprop ane, 

BrCF2—CH2—CF2Cl 

[0067] In a 370 ml steel autoclave, equipped With 
mechanical stirrer and thermocouple, 280 g of CFzBrCl 
(1.69 moles) and 2.8 g (0.019 moles) of di-terbutylperoxide, 
are introduced. 

[0068] The so charged autoclave is brought, by an heating 
jacket, to 110° C. At this temperature, under mechanical 
stirring, VDF is fed up to a pressure inside the autoclave 
equal to 20 atm. The VDF pressure is maintained in the 
range 15-20 atm during the reaction (about 8 h). The 
addition of VDF is interrupted When the total amount of the 
added compound is of 65 g (1.01 moles). 

[0069] From the reaction crude material, by fractionated 
distillation in a plate column, the reaction products are 
separated. The folloWing fractions having boiling point 11° 
C. With respect to the temperatures reported hereunder are 
collected: 

— .: g . mo es 0 unreacte 2 r 0070 2° C 110 0 66 l f d CF B Cl 

(MW 165.5) 

[0071] +85° C.: 145 g (0.63 moles of BrCF2—CH2— 
cF2c1 (MW 229.5). 
[0072] In the distillation boiler 90 g of a oligomer mixture 
remains, having the general formula 
ClCF2(CH2CF2)nCH2CF2Br With n=1-4. The yield in addi 
tion product, de?ned as the ratio betWeen the obtained moles 
of ClCF2CH2CF2Br and the used VDF moles, is equal to 
62%. 
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Characterization of 
1 -bromo-3-chloro- 1, 1,3,3-tetra?uoro-propane. 

[0073] Boiling point: 85° C. 

[0074] 19F-NMR in ppm referred to CFCl3=0; —46.6(2F, 
CICFZ); -41.9 (2F, BrCFZ). 
[0075] 1H-NMR in ppm referred to TMS=0: +3.2(2H, 
—CH2—). 
[0076] Mass spectrum (EI), main bands and attributions: 
195 (M-Cl”); 149(M-Br", 100%), 129(BrCF2+); 85 
(c1cF;). 
[0077] IR, main bands (cm-1): 2980, 1364, 1218, 1182, 
1148, 938, 800, 692, 642, 566. 

EXAMPLE 1b 

Dehydrobromination of 
1 -bromo-3-chloro- 1, 1,3,3-tetra?uoropropane 

[0078] In a 100 ml three-necked glass ?ask equipped With 
magnetic stirrer, thermometer, dropping funnel, re?ux con 
denser, and cold trap (liq. N2) directly connected to the 
re?ux condenser, 25 g (0.11 moles) of ClCF2CH2CF2Br and 
1.5 g (0.005 moles) of tetrabutylammonium hydroxide, are 
introduced. The reaction mixture is heated up to 45° C. by 
an oil bath; at this point, under vigorous stirring and a 
residual pressure of 400 mmHg, 25 ml of an aqueous 
solution of KOH at 30% by Weight (equivalent to 11.3 g or 
0.2 moles of KOH) are dropped, maintaining the reaction 
mixture temperature in the range 45-50° C. When the 
addition is over, the residual pressure is brought to 200 
mmHg and 14.9 g of material are collected in the cold trap. 
By fractionated distillation in a plate column at atmospheric 
pressure of the reaction crude material, 13.7 g (0.092 moles) 
of the ClCF2—CH=CF2 ole?n, are recovered. 

[0079] The yield in dehydrobromination product calcu 
lated as the ratio betWeen the obtained moles of 

ClCF2CH=CF2 and the starting moles of ClCF2CH2CF2Br, 
is 83.6%. 

CharacteriZation of the 
3-chloro-1,1,3,3-tetra?uoropropene 

[0080] Boiling point=+14° C. 

[0081] 19F-NMR in ppm referred to CFCl3=0; —51(2F, 
C1CF2—); -71.6 (1F, =CF); -78.5(1F, =CF) 
[0082] 1H-NMR in ppm referred to TMS=0; +5(1H, 
—CH=). 
[0083] Mass spectrum (EI), main bands and attributions: 
148 (M’'); 129 (M-F”); 113 (M-c1+100%), 85 (CICFJ); 63 
(C2F2H+)~ 
[0084] IR, main bands (cm_1): 3144, 3098, 1758, 1372, 
1269, 1227, 1098, 1008, 935, 831, 792, 580. 

EXAMPLE 1c 

IsomeriZation of the 
3-chloro-1,1,3,3-tetra?uoropropene to 
1-chloro-1,3,3,3-tetra?uoropropene 

[0085] In a 50 ml three-necked glass ?ask, equipped With 
magnetic stirrer, thermometer and cold trap (liq. N2) directly 
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connected With the ?ask by means of a retort, in inert gas 
atmosphere (N2) and at the temperature of —30° C., 16.2 g 
(0.109 moles) of ClCF2—CH=CF2 are introduced. In these 
conditions 1 g (0.007 moles) of AlCl3 is then added, under 
stirring. The temperature of the reaction mixture is sloWly 
alloWed to raise up to 13° C., then the system pressure is 
loWered to 400 mmHg. In the cold trap 13.6 g (0.092 moles) 
of CF3CH=CFCl, formed by a mixture of cis/trans stere 
oisomers of the ole?n in a ratio 40/60, are collected. The 
yield in product obtained by rearrangement, de?ned as the 
ratio betWeen the obtained moles of CF3—CH=CFCl and 
the starting moles of ClCF2—CH=CF2, is of 84.4%. 

CharacteriZation of 
1-chloro-1,1,3,3-tetra?uoropropene 

[0086] Boiling point=17° C. (referred to the stereoiso 
meric mixture) 

[0087] Isomer cis: 

[0088] 19F-NMR in ppm referred to CFCl3=0: —59.2 (3F, 
CF3—); -60.7 (1F, =CFC1). 
[0089] 1H-NMR in ppm referred to TMS=0: +5.3 (1H, 
—CH=). 
[0090] Isomer trans: 

[0091] 19F-NMR in ppm referred to CFCl3=0 —59.1 (3F, 
CF3—); -62.0 (1F, =CFC1); 
[0092] 1H-NMR in ppm referred to TMS=0: +5.8 (1H, 
—CH=). 
[0093] Mass spectrum (EI), main bands and attributions: 
148 (M+); 129(M-F+); 113(M_c1+, 100%), 69(CF3+). 
[0094] IR, main bands (cm_1) (referred to the stereoiso 
meric mixture): 3128, 1748 (trans), 1691(cis), 1353, 1268, 
1197, 1165, 1110, 1062, 859, 672. 

EXAMPLE 1d 

Preparation of the 
4-chloro-5-tri?uoromethyl-2,2,4-tri?uoro-1,3-dioxolane 

[0095] In a 200 ml 5 necked reactor, equipped With a 
mechanical stirrer, thermocouple, bubbling inlet for intro 
ducing the reacting gaseous mixture and an inert gas, 51.3 g 
(0.346 moles) of CF3—CH=CFCl are introduced. The 
reactor is then brought, by a cryostat, to the temperature of 
—70° C. At this point, under strong stirring, a mixture of 
CF2(OF)2 (BDM) (1nl/h) and He (3nl/h) for 3 h 52‘ (equiva 
lent to 0.173 moles of BDM) is added in a continuous Way. 

[0096] The reaction crude material is subjected to frac 
tionated distillation in a plate column at atmospheric pres 
sure. The substances reported hereunder together With the 
corresponding amounts are collected at the temperatures of 
17°, 27° and 56° C., respectively, in the 11° C. range: 

[0097] 17° C.: 13.1 g (0.088 moles) of unreacted CF3— 
CH=CFCl. 

[0098] 27° C.: 21 g (0.113 moles) of CF3—CHF—CF2Cl 

[0099] 56° C.: 28.9 g (0.126 moles) of 4-chloro-5-tri?uo 
romethyl-2,2,4-tri?uoro-1,3-dioxolane. 
[0100] The dioxolane yield expressed as ratio betWeen the 
obtained dioxolane moles and the used BDM moles is of 
72.8%. 
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Characterization of 
4-chloro -5 -trifluoromethyl-2,2,4-trifluoro-1 ,3 -dioXolane 

[0101] Boiling point: 56° C. 

[0102] Isomer anti: 

[0104] 1H-NMR in ppm referred to TMS=0: +5.12 (1H, 
—CH(CF3)). 
[0105] Isomer sin: 

[0106] 19F-NMR in ppm referred to CFCl3=0: F‘=—55.2; 

[0107] 1H-NMR in ppm referred to TMS=0: +5.05 (1H, 
—CH(CF3)). 
[0108] Mass spectrum (EI), mean bands and attributions: 
195 (M-C1+); 167 (CF3F6HO+, 100%), 161 (M—CF3+); 
148 (C3F5HO+); 101 (C2F4H+); 69 (CF3+) 

[0109] IR, main bands (cm_1) (referred to the stereoiso 
meric mixture) 2998, 1383, 1307, 1279, 1194, 1116, 1078, 
989, 921, 840, 707. 

EXAMPLE 2 

Dehydrohalogenation of 4-chloro-5-tri?uoromethyl 
2,2,4-tri?uoro-1,3-dioXolane and obtainment of per 

?uoro-4-methyl-1,3-dioXole 
[0110] In a 50 ml three-necked glass ?ask, equipped With 
magnetic stirrer, thermometer, dropping funnel and cold trap 
(liq. N2) directly connected to the ?ask by a retort, 9 g (0.039 
moles) of dioXolane and 1.5 g (0.009 moles) of tetrabuty 
lammonium hydroxide, are introduced. Under vigorous stir 
ring and at the residual pressure of 400 mmHg, 12 ml of a 
30% KOH aqueous solution (equivalent to 5.4 g or 0.097 
moles of KOH) are dropped at room temperature. When the 
addition of the KOH solution is over, the residual pressure 
is loWered to 60 mmHg. In the cold trap 6.69 g of material, 
of Which 4.5 g of per?uoro-4-methyl-1,3-dioXole and 2.19 g 
of unreacted dioXolane, are thus collected. 

[0111] The yield in dehydrochlorination product calcu 
lated as ratio betWeen the obtained dioXole moles and the 
starting dioXolane moles is equal to 61.3%. The reaction 
conversion is 84.3% and the selectivity of 72.7%. 

Characterization of per?uoro-4-methyl-1,3-dioXole 

[0112] Boiling point: 14-15° C. 

[0113] 19F-NMR in ppm referred to CFCl3=0: —47.0 (2F, 
O—CF2—O); -65.8(3F, CF3—); -130.4 (1F, =CF—O) 
[0114] Mass spectrum (EI), main bands and attributions: 
194 (M+, 100%), 175 (M-F+); 147 (C3F5O+); 97 (C2F3O+); 
69 (CF3+). 

[0115] IR, main bands (cm-1): 1802, 1435, 1345, 1294, 
1223, 1208, 1194, 1180, 1115, 1029, 992, 727, 491. 

EXAMPLE 3 

Copolymer 30/70 PMD/TEE 
[0116] In a 50 ml steel reactor, equipped With magnetic 
stirrer and an inlet for the reactant feeding and discharge, 1 
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ml of CCl2FCF2Cl, 1 ml of per?uoropropionyl peroXide at 
6% by Weight in CCl2FCF2Cl, 15 mmoles of per?uoro-4 
methyl-1,3-dioXole and 32 mmoles of tetra?uoroethylene 
are introduced. 

[0117] The so charged reactor is brought to the tempera 
ture of —196° C. and evacuated; at the end of the degassing 
operations the reactor is brought to 30° C. and maintained at 
this temperature, under magnetic stirring, for 8 hours. The 
reactor is then cooled at the liquid nitrogen temperature, 
connected to a vacuum system maintained at the pressure of 
10-3 mbar, and then alloWed to reach the room temperature 
While fractionating the vapours by cooled traps, respectively, 
at —80° C., —120° C. and —196° C. 

[0118] The trap content at —80° C., When the reaction Was 
over, resulted to be the CCl2FCF2Cl solvent only. In the trap 
at —120° C., 2.9 mmoles of CCl2FCF2Cl and 8.2 mmoles of 
unreacted dioXole have been found. The trap at —196° C. 
contains 13.9 mmoles of unreacted C2134. After solvent and 
unreacted monomer distillation, and subsequent stripping of 
the polymer under vacuum at the temperature of 150° C. for 
3 hours, 2.21 g of polymer are isolated. The Weight balance 
determined by g.l.c. of the unreacted monomers alloWs to 
calculate that the PMD % molar in the polymer is of 30%. 
The polymer Tg, determined by DSC, is 92° C. The TGA 
shoWs a Weight loss of 10% at 495° C. 

EXAMPLE 4 

Copolymer 48/52 PMD/TEE 

[0119] In a 50 ml steel reactor, equipped With magnetic 
stirrer and an inlet for the reactant feeding and discharge, 1 
ml of per?uoropropionyl peroXide at 6% by Weight of 
CCl2FCF2Cl, 6.5 mmoles of per?uoro-4-methyl-1,3-dioXole 
(PMD) and 10 mmoles of tetra?uoroethylene, are intro 
duced. 

[0120] The so charged reactor is brought to the tempera 
ture of —196° C. and evacuated; at the end of the degassing 
operations the reactor is brought to 30° C. and maintained at 
this temperature, under magnetic stirring, for 8 hours. The 
reactor is then cooled at the liquid nitrogen temperature, 
connected to a vacuum system maintained at the pressure of 
10'3 mbar, and then alloWed to reach the room temperature. 
The vapours are fractionated by traps, cooled, respectively, 
at —80° C., —120° C. and —196° C. 

[0121] At the end of the fractionation, the trap at —80° C. 
results to contain only CCl2FCF2Cl, the trap at —120° C. 
1.18 mmoles of CCl2FCF2Cl and 6.1 mmoles of unreacted 
dioXole, the trap at —196° C. 9.57 mmoles of unreacted C2134. 
After solvent and unreacted monomer distillation, and sub 
sequent polymer stripping under vacuum at the temperature 
of 130° C. for 3 hours, 40 mg of polymer are isolated. The 
Weight balance of the unreacted monomers, determined by 
g.l.c., alloWs to determine that the PDM % molar in the 
polymer is of 48%. The TGA shoWs a Weight loss of 10% at 
327° C. The polymer Tg, determined by DSC, is 165° C. 

EXAMPLE 5 

Copolymer PMD/VDF (PDM 3%) 
[0122] In a 50 ml steel reactor, equipped With magnetic 
stirrer and an inlet for the reactant feeding and discharge, 10 
ml of CCl2FCF2Cl, 0.5 ml of per?uoropropionyl peroXide at 
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6% by Weight in CCIZFCFZCI, 9.2 mmoles of per?uoro-4 
methyl-1,3-dioxole (PMD), are introduced. 

[0123] The so charged reactor is brought to the tempera 
ture of —196° C. and evacuated; at the end of the degassing 
operations, the reactor is brought to 30° C. and VDF is 
pumped until the reactor internal pressure is of 18 atm. This 
temperature is maintained, under magnetic stirring, for 8 
hours. The reactor is then cooled at the liquid nitrogen 
temperature, connected to a vacuum system maintained at 
the pressure of 10'3 mbar, and then alloWed to reach the 
room temperature, recovering the vapours in a cooled trap at 
—196° C. 

[0124] After solvent and unreacted monomer distillation, 
and subsequent polymer stripping under vacuum at the 
temperature of 130° C. for 3 hours, 374 mg of polymer are 
isolated. The copolymer composition Was determined by 
NMR since the compound is soluble in the aprotic polar 
solvents (DMF, acetone). It Was thus calculated that the 
dioxole percentage is 3% (% moles). The polymer Tg, 
determined by DSC, is —38.6° C. The TGA shoWs a Weight 
loss of 2% at 455° C. and of 10% at 478° C. 

[0125] The AH and the second melting point, determined 
by DSC, are respectively of 11.59 cal/g and 157.97° C. 

EXAMPLE 6 

Copolymer 50/50 PMD/VDF 

[0126] In a 50 ml steel reactor, equipped With magnetic 
stirrer and an inlet for the reactant feeding and discharge, 80 
pl of per?uoropropionyl peroxide at 6% by Weight in 
CCIZFCFZCI and 5 mmoles of per?uoro-4-methyl-1,3-diox 
ole (PMD) are introduced. 

[0127] The charged reactor is brought to the temperature 
of —196° C. 10 mmoles of VDF are introduced by conden 
sation and then the reactor is degassed; at the end of the 
degassing operations, the reactor is brought to 30° C. and 
maintained at this temperature, under magnetic stirring, for 
4 hours. The reactor internal pressure changes from 4.5 atm 
to 3.3 atm. The reactor is then brought to the liquid nitrogen 
temperature and connected to a vacuum system maintained 
at the pressure of 10'3 mbar. The reactor is alloWed to reach 
the room temperature, recovering the vapours in a cooled 
trap at —196° C. 

[0128] After solvent and unreacted monomer distillation, 
and subsequent stripping of the polymer under vacuum at 
the temperature of 130° C. for 5 hours, 175 mg of polymer 
are isolated. The Weight balance determined by g.l.c. of the 
unreacted monomers contained in the traps alloWs to calcu 
late the PDM % molar in the polymer, Which results to be 
50%. The polymer Tg, determined by DSC, is 609° C. The 
TGA shoWs a Weight loss of 10% at 301° C. 

EXAMPLE 7 

[0129] (Comparative) 

Copolymer 32/68 TTD/T FE 

[0130] In a 31 ml glass reactor, equipped With magnetic 
stirrer and a PTFE valve, 1 ml of CFCIZCFZCI, 1 ml of 
per-?uoropropionyl peroxide at 1.3% by Weight in 
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CCIZFCFZCI, 5 mmoles of 2,2,4-tri?uoro-5-tri?uorome 
toxy-1,3-dioxole (TTD) and 10 mmoles of TFE are fed. The 
reactor is brought to —196° C., degas- ed, and then brought 
to the temperature of 40° C., at Which it is maintained, under 
stirring, for 8 hours. After solvent and unreacted monomer 
distillation, and subsequent polymer stripping under vacuum 
at the temperature of 120° C. for 3 hours, 0.24 g of polymer 
are isolated. The Weight balance determined by g.l.c. of the 
unreacted monomers contained in the traps alloWs to calcu 
late that the TTD % molar in the polymer is of 32%. The 
polymer Tg, determined by DSC, is 82° C. The TGA shoWs 
a Weight loss of 2% at 381° and of 10% at 421° C. 

EXAMPLE 8 

[0131] (Comparative) 

Copolymer 32/68 PD/T FE 

[0132] In a 31 ml glass reactor, equipped With magnetic 
stirrer and a PTFE valve, 1 ml of CFCl2CF2Cl, 1 ml of 
per?uoropropionyl peroxide at 1.3% by Weight of 
CCIZFCFZCI, 4 mmoles of PD (2,2,4,5-tetra?uoro-1,3-diox 
ole) and 8 mmoles of TFE, are introduced. The reactor is 
brought to —196° C. and degassed. The reactor is then 
brought to the temperature of 40° C. and maintained at this 
temperature for 8 hours under stirring. After solvent and 
unreacted monomer distillation, and subsequent polymer 
stripping under vacuum at the temperature of 120° C. for 3 
hours, 1.2 g of polymer are isolated. The Weight balance 
determined by g.l.c. of the unreacted monomers contained in 
the traps, alloWs to calculate that the PD % molar in the 
polymer is of 32%. The polymer Tg, determined by DSC, is 
90° C. 

[0133] The AH and the second melting point, determined 
by DSC, are respectively: 3.8 cal/g and 314° C. The obtained 
polymer is therefore semicrystalline. 

TABLE I 

Tg(° C.) 

Copolymers of the invention 

PMD/I‘FE 48/52" (ref. ex. 4) 165 
PMD/I‘FE 30/70" (ref. ex. 3) 92 
Copolymers of the prior art 

PDD/I‘FE 50/50" (ref. U.S. Pat. No. 4,754,009) —108 
PDD/I‘FE 30/70" (ref. U.S. Pat. No. 4,754,009) 85 
PD/I‘FE 32/68" (ref. ex. 8) 90 
TI‘D/I‘FE 32/68" (ref. ex. 7) 82 

*Molar ratio 

1. The per?uoro-4-alkyl-1,3-dioxoles having the formula: 

(I) 

Wherein Rf is a per?uoroalkyl radical having from 1 to-5 
carbon atoms: 
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2. The per?uoro-4-methyl-1,3-dioXole (PMD) of formula 
(II): 

(II) 

3. The copolymers obtainable With the compounds of the 
preceding claims With comonomers containing ole?nic 
unsaturations, containing from 0.1 to 50% by moles of the 
folloWing unit: 

(III) 

Wherein Rf is the per?uoroalkyl radical as above de?ned. 
4. The copolymers according to claim 3 Wherein the 

comonomer is tetra?uoroethylene, vinyilidene ?uoride, 
vinyl ?uoride, tri?uoroethylene, per?uoropropene, per?uo 
romethylvinylether, per?uoroethylvinylether, per?uo 
rodioXole, per?uoro (2,2-dimethyl)-1,3-dioXole, per?uoro 
4-methoXy-1,3-dioXole, CF2=CF—O—CF2—CF2—SO2F, 
chlorotri?uoroethylene, vinyl chloride, methyl acrylate, 
methyl methacrylate, ethylene. 

5. The copolymers according to claim 4 Wherein the 
comonomer is tetra?uoroethylene. 

6. Use of the crystalline copolymers according to claim 5 
to prepare dielectric materials. 

7. Use of amorphous copolymers according to claims 3 
and 4, as materials in the coating of electric Wires, parts to 
be insulated and as optical ?bers. 
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8. A process for preparing polymers according to claims 
3 and 4 characteriZed in that the polymeriZation is of radical 
type and it occurs both in aqueous and organic medium. 

9. Aprocess for preparing per?uorodioXoles according to 
claim 1 characteriZed in that dioXolanes containing in posi 
tion 4 of the ring a ?uorine atom and a second halogem 
selected from F, Cl and Br, and in position 5 an hydrogen 
atom, are subjected to a dehydrohalogenation reaction in 
alkaline solution. 

10. Aprocess according to claim 9 Wherein the dehydro 
halogenation reaction is carried out in KOH or NaOH 
aqueous solutions in phase transfer conditions. 

11. Aprocess for preparing the per?uorodioXoles of claim 
1 characteriZed in that it comprises the folloWing steps: 

a) reaction betWeen an ole?n of formula Rf—CH=CPX 
(X=F, Cl, Br, Rf is the radical as above de?ned) With 
hypo?uorite gas CF2(OF)2 obtaining a dioXolane; 

b) dehydrohalogenation of the dioXolane in KOH or 
NaOH aqueous solutions. 

12. A process for preparing the per?uorodioXole (PMD) 
of claim 2 characteriZed in that it comprises the folloWing 
steps: 

a‘) radical addition of bromo-chloro-di?uoromethane 
CFZBrCl to 1,1-di?uoroethylene (VDF) CH2=CF2 to 
give the compound having the formula BrCF2—CH2— 
CFZCl; 

b‘) dehydrohalogenation reaction of the compound 
BrCF2—CH2—CF2Cl in phase transfer conditions in 
KOH aqueous solution, and formation of the ClCF2— 
CH=CF2 ole?n; 

c‘) rearrangement of the ClCF2—CH=CF2 ole?n and 
formation of the CF3—CH=CFCl ole?n; 

d‘) addition of bis (?uoroXy)di?uoromethane to the CF2— 
CH=CFCl ole?n With formation of the dioXolane; 

e‘) dioXolane dehydrohalogenation in KOH or NaOH 
aqueous solutions. 

* * * * * 


