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1t has been found that it is possible to prepare valuable
chlorine-containing polymerization products of derivatives
of 1,3-dioxolanone-(2), in which the dioxolane ring re-
mains intact, by polymerizing 4,5-dichloro-4,5-bis-alkenyl-
oxy-1,3-dioxolanones-(2) in known manner. Suitable
monomers are for example

4,5-dichloro-4,5-bis-allyloxyethoxy-1 ,3-dioxolanone-(2),

4,5 - dichloro-4,5-bis-vinyloxyethoxy-1,3-d-ioxolanone-(2),
and

4,5-dichloro-4,5-bis-allyloxy-1,3-dioxolanone-~ ).

The polymerization can be accomplished without the
presence of catalyzers by thermal treatment alone. Light,
in some instances with the addition of a sensitizer; and
especially ultraviolet light, Roentgen and gamma rays will
accelerate the polymerization. The polymerization is ac-
complished usually in the presence of radical-forming
catalyzers such as peroxide or azo catalyzers. Suitable per-
oxide catalyzers are for example hydrogen peroxide, po-
tassium persulphate, perborates, percarbonates and or-
ganic percompounds such as dibenzoylperoxide, ditertiary
butylperoxide, tertiary butylhydroperoxide, diacetylper-
oxide, diethylperoxycarbonate, cumenehydroperoxide and
isopropylidenecarbanilicacidperamide. Suitable azo cata-
lyzers are for example a,a’-azodiisobutyricacidnitrile, di-
azoaminobenzene, azo-bis-(diphenylmethane) and a,«’-
azo-bis, ~-dimethylvaleronitrile. Furthermore, so-called
Redox systems can be employed to initiate the polymeriza-

10

15

20

25

30

35

40

tion, for example peroxides in combination with tertiary ...

amines or cobalt-II-salts, possibly in combination with re-
ducing agents such as dioxyacetone or reducing sugars, or
the systems sacchrine/dimethylaniline and cerium-IV-
salt/reducing agent. Catalyst mixtures can be used where
the polymerization is initiated at lower temperatures and
concluded at higher temperatures. The catalyzers are em-
ployed in amounts of .01 to 10, preferably .5 to 5 percent
by weight relative to the monomer. It is advantageous to
perform the polymerization in an atmosphere of inert
gases such as nitrogen or carbon dioxide.

The polymerization can be carried out as a mass, pre-
cipitate, solution, suspension or emulsion polymerization.
" If the polymerization is terminated when a 20% con-
version of the monomer is reached, soluble polymerization
products are obtained, but it is also possible to continue
the polymerization until the monomers are converted com-
pletely. In the latter case insoluble and infusible shaped
bodies, either with or without color, can be produced
directly. Pigments, filling materials, stabilizers, extenders,
elasticizers, foaming agents, flame inhibitors and other
agents which will enhance the industrial usefulness of the
polymerization products can be added. If it is intended to
carry the polymerization only to an incomplete conver-
sion, the process is terminated by the addition of known
inhibitors such as hydroquinone or 4-tertiary-butylpyro-
catechine, or by admission of air. The polymers are pre-
cipitated from the polymerization mass by use of precipi-
tants. Most suitable for this purpose are aliphatic and
alicyclic hydrocarbons such as petroleum.ether, benzine
and cyclohexane, and also lower aliphatic alcohols and

45

50

55

80

153

70

2

ethers such as methanol, ethanol or diethylether. The pre-
cipitated pulverulent polymerization products are soluble
in most of the organic solvents (with the exception of the
Drecipitants listed above) such as benzene, acetone, meth-
ylethylketone, butylacetate, ethylacetate, styreme, butyl-
acrylate, methylmethacrylate and dimethylformamide.

Solvents used in the solution polymerization are. aro-
matic hydrocarbons, chlorohydrocarbons, ketones, esters
and ethers such as benzene, toluene, xylene, dioxane, chlo-
roform, acetone, butylacetate and butylpropionate, Sur-
prisingly, soluble polymerization products are obtained in
case of the solution polymerization even at high polymer
yields. It is therefore possible in many instances to omit
the addition of a controlling agent. However, it is also
possible to employ such agents, for example carbon tetra-
chloride, dimeric a-methylstyrene, trithiones, dodecylmer-
captan and diisopropylxanthogendisulphide. The polymer-
ization products can be precipitated by use of the above
listed precipitants if so desired. However, it is also possible
to employ the polymer solutions directly, especially for
varnishes and paints.

The precipitation polymerization is carried out in or-
ganic solvents which dissolve the monomers only, for ex-
ample aliphatic or alicyclic hydrocarbons such as benzine
and cyclohexane. The polymerization products which pre-
cipitate soon after the beginning of the polymerization are
separated by filtration.

The emulsion and suspension polymerizations are ac-
complished in known manner in water with the addition
of emulsifying agents, suspension stabilizers and activating
agents. Suitable emulsifying agents are for example the
alkali metal salts of alkylsulphonates, aralkylsulphonates,
higher fatty acids, substituted alkylsuccinic acids, the half
esters of sulphuric acid, succinic acid and substituted suc-
cinic acids with long chain alcohols, the oxethylation prod-
ucts of alcohols and alkylphenols. Suitable as suspension
stabilizers are for example polyvinylalcohol, gelatine,
methylcellulose and inorganic salts such as barjum
sulphate.

During the polymerization care must be taken that the
PH value of the polymerization mass does not fall within
the alkaline range so as to prevent the hydrolytic splitting
of the dioxolane ring. _

By following the above described method, either solu-
ble or insoluble and infusable polymerization products can
be obtained which are favorably distinguished by their
hardness and high surface gloss. The soluble polymeriza-
tion products can be pressed with cross-linking at tem-
peratures near the melting point of the polymer into
shaped bodies which will be clear as glass.

The derivatives of the 4,5-dichloro-1,3-dioxolan-2-one
which are suitable monomers for the above described
method can be prepared in an easy manner and with ex-
cellent yields if tetrachloroethylenecarbonate is allowed
to interact, in the absence of catalyzers under reduced
pressure, with aliphatic or cycloaliphatic compounds con-
taining hydroxyl groups. The tetrachloroethylenecarbon-
ate, employed as the initial product, can be prepared in
a simple manner and with excellent vield by chlorinating
of ethylenecarbonate, monochloroethylenecarbonate, di-
chloroethylenecarbonate, or mixtures of these compounds.
Suitable hydroxyl-group-containing compounds of the
aliphatic series are primary monohydric saturated alco-
hols such as methanol, ethanol, propanol, butanol, and
octanol, the length of the chain of the alcohols used
being limited only by the intended use of the conversion
product so obtained. Secondary and tertiary monohydric
alcohols. are usable in the process not at all or only with
difficulty. The unsaturated primary alcohols of the olefine
series such as allylalcohol and methallylalcohol can be
utilized.
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The term monohydric primary alcohols is understood
to include also the monoecthers of ethyleneglycol such as
monoallylglycolether and monovinylglycolether. Cyclo-
hexanol is particularly suitable as a hydroxyl group-con-
taining compound of the cycloaliphatic series. The mono-
hydric alcohols are allowed to react with tetrachloro-
ethylenecarbonate at a molar ratio of 2:1, and 4,5-di-
chloro-1,3-dioxolane-2-ones substituted in 4- and 5-posi-
tions are obtained thereby. However, bivalent and poly-
valent alcohols of the aliphatic series such as ethylene-
glycol and polyethyleneglycols will react also. These al-
cohols are employed at a molar ratio of 1:1, and ob-
tained are then higher molecular substitution products
of the 4,5-dichloro-1,3-dioxolan-2-one which are prefer-
ably substituted in 4- and 5-positions.

The reaction is carried out usually at temperatures
ranging from —10° to +100° C., preferably between
0° and +10° C. Catalyzers are not required during the
reaction. In case of very viscid or solid hydroxyl group-
containing compounds solvents such as benzene can be
employed so as to facilitate the homogenizing of the re-
action mixture. However, as a rule, the reaction is carried
out without the use of solvents. The reaction is carried
out at reduced pressure, preferably between 10 and 20
torr, to facilitate removal of the gemerated hydrochloric
acid. If necessary, mixing devices such as stirrers can be
placed in the reaction vessel to facilitate the mixing
operation.

Usually, the reaction is carried out by gradually adding
the hydroxyl group-containing compounds to the tetra-
chloroethylenecarbonate initially placed in the vessel
while care is taken that the selected temperature will not
be exceeded substantially. The generated hydrochloric
acid is removed from the reaction mixture by the simul-
taneously applied vacuum.

Upon conclusion of the admixture of the hydroxyl
group-containing compound the temperature can be in-
creased moderately.

The reaction mixture is purified by distilling, preferably
under reduced pressure. The reaction product can also
be dissolved in solvents such as benzene or diethylether,
and the acid portions removed by the addition of alkaline
agents such as soda. The filtered solution is then further
processed by distillation.

In case of the described method the dioxolane ring will
be split as expected in spite of the presence of hydro-
chloric acid. Therefore, substituted chlorinated dioxolan-
2-ones are obtained through smooth and simple reaction.
The method has the additional advantages that it can be
carried out in the absence of catalyzers.

The compounds so obtained can be utilized either for
the method described above or as reaction products with
saturated hydroxyl group-containing substances, for ex-
ample as softeners or flame inhibitors, or as intermedi-
ate products for further syntheses.

It is known to prepare 1,3-dioxolan-2-ones substituted
in 4- and 5-positions by allowing epoxides with central
oxirane ring, for example 2,3-epoxybutane, to react with
carbon dioxide in the presence of catalyzers. However,
there is only a limited selection of the substituent for the
desired 1,3-dioxolan-2-one and furthermore it is very
difficult to prepare suitable epoxide compounds. Also, 2
chlorination process for the preparation of the desired
chlorinated products would be required resulting in a
mixture of diversely chlorinated reaction products which
can be separated only with difficulty. Also known is the
preparation of alkyl-substituted 1,3-dioxolan-2-ones by
the reaction of tertiary acetylenealcohols in the presence
of copper salts with carbon dioxide; however, chlorinated
products are not obtained by this process.

EXAMPLE 1

148 g. of butanol (2 mol) are added drop by drop
within 2% hours to 226 g. of tetrachloroethylenecarbon-
ate (1 mol). The reaction temperature is 5 to 6° C. The
generated hydrochloric acid is drawn off under vacuum

10

15

20

25

30

35

40

60

65

70

4

(10 mm. Hg) during the reaction process. The reaction
vessel is provided with a cooling finger charged with a
Dry Ice-methanol mixture.

The raw product is subjected to the vacuum distilla-
tion; obtained are 275 g. of a transparent liquid, identified
as  4,5-dibutoxy-4,5-dichloro-1,3-dioxolanone-2.  Yield:
91% of the computed value.

Computed percent: C, 43.8; H, 6.0; O, 26.6; Cl, 23.6.
Found percent: C, 44.71; H, 6.35; O, 26.30; Cl, 23.3. np®
1.4438, Kp; 102° C.

EXAMPLE 2

In the apparatus used for Example 1 and in the same
manner 2 mol of allylalcohol are reacted with 1 mol of
tetrachloroethylenecarbonate. Obtained, in the form of a
transparent liquid are 225 g. (95% of the computed
value) of 4,5-diallyloxy-4,5-dichloro-1,3-dioxolanone-2.

Computed percent: C, 40.1; H, 3.7; O, 29.8; Cl, 26.4.
Found percent: C, 40.53; H, 3.88; O, 29.50; Cl], 26.1.
np20 1.4610, D 20/4 1.2770, Kp 4 95 to 96° C.

EXAMPLE 3

1 mol (130 g.) n-octanol are added drop by drop within
114 hours to 113 g. (.5 mol) of tetrachloroethylenecar-
bonate at a temperature of 5° to 10° C. A vacuum of
12 mm. Hg is maintained during the addition of the
octanol. After the addition the reaction is allowed to con.
tinue for three hours at a temperature of 25° C. while
maintaining the vacuum. The raw product obtained there-
by (207 g.) is dissolved in 200 ccm. of ether, 40 g. of
sodium carbonate are added to the ethereal solution and
the mixture is stirred for several hours at 25° C. After
filtering the ether is drawn off. The product is 203 g. (98%
of the computed value) of a colorless substance, its per-
centage of chlorine being identical with the computed
value for the 4,5 - dioctyloxy - 4,5 - dichloro . 1,3-
dioxolanone-2.

Computed percent: Cl, 17.18; molecular weight 413.
1;0und percent: Cl, 17.27; molecular weight 400. np2

4511.

EXAMPLE 4

25 g. of 4,5-dichloro-4,5-bis-allyloxy-1,3-dioxolanone-
(2) are mixed with .25 g. of dibenzoylperoxide, and the
solution is polymerized for 24 hours at a temperature of
70° C. under a nitrogen atmosphere. The polymerization
product is obtained in the form of a shaped body which is
clear as glass, hard, almost colorless and odorless. The
product is infusible and insoluble in hydrocarbons, ke-
tones, esters, chlorohydrocarbons and dimethylformamide.
The IR-spectrum does not show any double bonds.

EXAMPLE 5

.25 g. of dibenzoylperoxide are dissolved in 25 g. of
4,5.dichloro-4,5-bis-allyloxy-1,3-dioxolanone-(2). The re-
action vessel is washed out thoroughly with nitrogen and
is closed off by a cover which is provided with a discharge
device and a valve so as to create a vacuum. The polymer-
ization is carried out for 17.5 hours at 180 torr and at a
temperature of 70° C. A shaped body is obtained which is
clear as glass with the odor of the monomer. The polym-
erization product is pulverized, washed five times with
petroleum ether and dried, yielding 15.5 g. of poly-4,5-
dichloro-4,5-bis-allyloxy-1,3-dioxolanone-(2). The polym-
erization product is insoluable and infusible.

[CgH1i05Cl21,[269.071,

Computed (percent): C. 40.2; H, 3.7; 0, 29.8; Cl, 26.3.
Found: C, 40.3; H, 3.7.

EXAMPLE 6

.2 ml. of a 25% diacetylperoxide solution in dimethyl-
phthalate are added to 25 g. of 4,5 - dichloro - 4,5 - bis-
allyloxy-1,3-dioxolanone-(2), and polymerized for 43
hours at a temperature of 70° C. in the manner described
in Example 5. The product is obtained in the form of a



3,341,504

5

shaped body which is clear as glass, hard, colorless and
odorless.
EXAMPLE 7

.25 g. of azodiisobutyronitrile are added to 25 g. of 4,5-
dichloro-4,S-bis-allyloxy-1,3—dioxolanone-(Z), polymer-
ized for 24 hours at a temperature of 60° C. and processed
as described in Example 5. The product is 20 g. of a
polymerization product which is yellowish and infusible.

EXAMPLE 8

A test identical with Example 6 is carried out but at
a temperature of 80° C., yielding 23 g. of poly-4,5-di-
chloro-4,5-bis-allyloxy-1,3-dioxolanone-( 2).

EXAMPLES 9 TO 11

Each time 15 g. of 4,5-dichloro-4,5-bis-allyloxy-1,3-
dioxolanone-(2) and .15% of dibenzoylperoxide are po-
lymerized at 70° C. as described in Example 4. After cer-
tain times listed in the table below the reaction is stopped
by air and cooling in an ice bath and processed in the
following manner:

Example 9.—The polymerization product is precipitated
from the solution by a tenfold amount of petroleum ether.
The specific viscosity of the polymerization product, meas-
ured in a 5% benzene solution, is .435 and its softening
point is at 120° C. The product is easily soluble in dimeth-
ylformamide, acetone, butylacetate, styrene, methylmeth-
acrylate and benzene.

_ Example 10.—50 ml. benzene is added to the prepara-
tion and 2.5 g. of undissolved matter is separated by cen-
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The organic phase is diluted with benzene and precipi-
tated with petroleum ether, An additonal 5.5 g. of polym-
erization product is obtained which melts at 70° to 80° C.
and is soluble in benzene.

EXAMPLE 13

If a test is conducted in accordance with Example 12
but by use of 1.32 g, potassium persulphate and at a tem-
perature of 50° C., the aqueous phase will yield 16 g. of
an insoluble polymerization product and the organic phase
4 g. of a soluble polymerization product. i

EXAMPLES 14 TO 17

50 g. of 4,5-dichloro-4,5-bis-diallyloxy-1,3-dioxolanone-
(2) and .75 g. of dibenzoylperoxide are dissolved in 150
ml. of cyclohexane. The reaction vessel is first washed with
nitrogen and then heated, and the polymerizations are per-
formed during the time periods and at the temperatures
listed in Table 2. The polymerization products precipi-
tate during the polymerization. They are insoluble in or-
ganic solvents and infusible.

TABLE 2

Polymerization

Polymerization
temperature, © C.

Yield (g.)
time in hours

trifugal force. 1.0 g. of polymerization product is precip-

itated from the solution.

The undissolved polymerization product is infusible
and is insoluble in dimethylformamide, acetone, butylace-
tate, benzene, 1,3-dioxolanone-(2) and 4,5-dichloro-4,5-
bis-allyloxy-1,3-dioxolanone-(2).

Example 11.—The preparation is processed in the same
manner as in Example 10. It contains no soluble polymer-
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EXAMPLES 18 TO 23

50 g. of 4,5-dichloro-4,5-bis-allyloxy-1,3-dioxolanone-
(2) and dibenzoylperoxide in the amounts given in Table
3 are dissolved in 150 ml. of solvent., The reaction vessel
is first washed with N, and then heated, and the polymer-
izations are performed within the time periods and at the
temperatures listed in Table 3. The viscosities of the solu-

ization products. 40 tions increase.
TABLE 3
Dibenzoyl- Specific
Ex. Solvent peroxide Temper- Time, Yield (g.) |viscosity in
(g.) ature, ° C. Hours 5% benzene
solution
.75 70 24 12 |l
2.50 70 24 24 | .
75 70 24 11 L1562
2.50 70 24 17 L2758
............ do. 2.50 80 24 27 .282
b2 T Butylacetate_._. 2.50 80 24 7 R,
TABLE 1
Polymerization Product
Example | Time of reaction Consisteney of
preparation .
Yield (g.) Characteristics
| S, 1 hour 50 min.____. Viscous solution... 3.0 | Soluble in benzene,
insoluble in
petroleum ether.
10. 2 hours, QGelatinous. ......_ 3.5 | Partly soluble, partly
insoluble.
11.. 3. 5 hours Solid, not hard..__ 8.5 | Insoluble.
EXAMPLE 12 The polymerization products are precipitated with a ten-
65 fold amount of methanol or petroleum ether, and washed

A reaction vessel, provided with reflux condenser,
stirrer, thermometer and a pipe for introduction of nitro-
gen is charged with 300 g. of water, 100 g. of 4,5-dichloro-
4,5-bis-allyloxy-1,3-dioxolanone-(2), 2 g. of alkylsul-
phonate and .66 g. of potassium persulphate. The mixture
is heated to 60° C. and polymerized for 24 hours. After
termination of the stirring action two phases form. From
the aqueous phase 28.5 g. of an insoluble and infusible
polymerization product is obtained by the precipitation
with a NaCl-solution.

70
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with petroleum ether. All products are easily soluble in
aromatic hydrocarbons, esters, dioxane and acetone and
will melt at temperatures between 120° and 170° C. From
these polymerization products infusible and insoluble
pressed plates can be manufactured at temperatures near
the melting point.

EXAMPLES 24 TO 27

150 ml. of the below named solvents are added to 50 g.
of 4,5-dichloro-4,5-bis-allyloxy-1,3-dioxolanone-(2), 5 ml
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of a 25% diacetylperoxide solution in dimethylphthalate
and 20 ml. of carbon tetrachloride. The reaction vessel is
first washed with nitrogen and then heated, and the polym-
erizations are performed at a temperature of 70° C.
within time periods as indicated in Table 4. The polymer-
ization products are processed in the same manner as in
Examples 18 to 23.

TABLE 4
Ex. Solvent Time (hours) Yield (g.)
24____._.. Butylacetate._..-- 5.8 38.5
.1 SO PR [ Lo 8 44
26 .o Benzene.........-_ 5.5 31
b2 S Dioxane._.___..... 5.5 19
We claim:

1. 4,5-dichloro-4,5-bis-allyloxy-1,3-dioxolanone-(2).

2. Polymeric 4,5 - dichloro - 4,5-bis-allyloxy-1,3-dioxo-
lanone-(2).

3. The method of preparing a new synthetic composi-
tion which comprises polymerizing 4,5-dichloro-4,5-bis-
allyloxy-1,3-dioxolanone-(2) under heat to a conversion
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of the monomer up to 20% at a pH-value outside of the
alkaline range.

4. The method as in claim 3 which comprises polymer-
izing in presence of a free radical type catalyst.

5. The method of preparing a new synthetic composi-
tion which comprises polymerizing 4,5-dichloro-4,5-bis-
allyloxy-1,3-dioxolanone-(2) in a solution in a solvent
selected from the group consisting of aromatic hydrocar-
bons, chlorohydrocarbons, ketones, esters and ethers at a
pH-value outside of the alkaline range in presence of a
free radical type catalyst.
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