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[57] ABSTRACT

Dialkyl alkylenebis(peroxydicarbonates) and oxyalkyl-
enebis(peroxydicarbonates) and corresponding higher
polyfunctional peroxydicarbonic acid esters are useful
initiators of vinyl polymerization. These compounds
are prepared by reacting a sodium alkylperoxycarbon-
ate with a diol bis(chloroformate) at from about
—10°C to about 20°C.
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METHOD FOR PREPARING
'POLYPEROXYDICARBONATE ESTERS

CROSS REFERENCE TO RELATED
APPLICATIONS

This Application is a continuation-in-part of my pre-
viously filed application Ser. No. 398,046, filed Sept.
17, 1973, now abandoned, entitled Peroxydicarbonate
Esters.

BACKGROUND OF THE INVENTION

A great number of compounds are known which
contain one or more peroxide linkages within the mole-
cule. Many of these have been used to generate free
radicals by their decomposition under varying condi-
tions depending upon their thermal or chemical stabil-
ity. Several kinds of peroxyacid derivatives have been
used in this way, often to initiate the polymerization of
ethylenically unsaturated monomers. Peracetates, per-
sulfates, and benzoyl peroxide are examples of some of
these.

SUMMARY OF THE INVENTION

The organic peroxydicarbonates which can be pre-
pared in accordance with the present invention are
those which have the general formula
o] o]

]

R’—O—(I',l‘—O-(—O—C—O—R—O—Q—O-)—,.O——C—O—-R’

wherein R’ is an alkyl radical of 1-6 carbon atoms, R is
an alkylene radical of 2-8 carbon atoms or a polyalky-
leneoxy radical wherein each alkylene group has 2-4
carbon atoms and R has a maximum of about 12 car-
bon atoms, and n is an integer, preferably 1-4.

These compounds are readily prepared by reacting
sodium alkyl peroxycarbonate, with a diol bis(chloro-
formate). The sodium alkylperoxycarbonate is conve-
niently prepared by reacting sodium peroxide with an
alkyl chloroformate. The relative proportions of reac-
tants determine whether a bis(peroxydicarbonate), a
tris(peroxydicarbonate), or a higher polyfunctional
peroxydicarbonate is the product. To make a bis(-
peroxydicarbonate), the intermediate peroxycarbonate
is reacted with the diol bischloroformate using at least
the theoretical two moles of intermediate, preferablyin
excess of two moles, per mole of diol bischloroformate.
In making a tris(peroxydicarbonate), two moles of diol
bischloroformate is reacted with the same quantity of
peroxycarbonate intermediate plus about a mole of
sodium peroxide. Higher polyfunctional peroxydicar-
bonates are produced by increasing the proportions of
chloroformate and peroxide according to the empirical
equation for the overall process:

o]
I

2R'—0—C—0—0—Na + 1 (CIC—O0-},R + n—1 Na,0; —

R'—0—
2n NaCl.

The reaction is carried out at from about —10°C to
about 20°C, preferably in aqueous lower alkanol. The
peroxydicarbonate product is conveniently separated
by extraction of the reaction mixture with a low boiling
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solvent such as ether or a lower alkane fraction which
then is easily evaporated from the extract to obtain the
peroxydicarbonate product as the residue. The prod-
ucts are isolated as colorless oils which are stable when
stored below about 12°C.

In this way, bis(peroxydicarbonates) are prepared by
reacting sodium peroxide with an alkyl chloroformate
such as methyl chloroformate, ethyl chloroformate,
tert-butyl chloroformate, or hexyl chloroformate to
make the intermediate sodium alkyl peroxycarbonate.
This intermediate is then reacted with the bischlorofor-
mate of a diol as defined above, illustrative diols being
ethylene glycol, propylene glycol, trimethylene glycol,
butylene glycol, 1,6-hexanediol, diethylene glycol, tri-
ethylene glycol, dipropylene glycol, dibutylene glycol,
and 2,5-dimethyl-2,5-hexanediol. In order to make a
tris(peroxydicarbonate) as defined, the sodium alkyl
peroxycarbonate is reacted with the diol bischlorofor-
mate in the presence of sodium peroxide or other such
peroxide using the proportions previously described.

DETAILED DESCRIPTION

Example 1

I 1
C,H;0CCl + Na,0,— CzHSOﬂOONa + NaCl
2C,H;0COONa + (CICOCH,CH,),0 —

|
(C,H,,OEOOCOCH,CH,),O + NaCl

A solution of 8.0 g. (0.1 mole) Na,O, in 75 ml. of
cold water was cooled while it was diluted with 50 ml.
of methanol. Cooling was continued while 10 g. (0.09
mole) of ethyl chloroformate was added over 10 min-
utes. The reaction mixture was stirred at 0° to 5°C. for
another ten minutes and then 5 g. (0.025 mole) of
diethylene glycol bischloroformate was added over 15
minutes at —10°C. The mixture was stirred for an addi-
tional 15 minutes at —10° to 0°C. and then it was ex-
tracted with ether at 0°C. The ether extract was dried
over anhydrous sodium sulfate and evaporated under
nitrogen at 0°C. to yield 4 g. of clear colorless oil. This
product was identified as oxydiethylenebis(ethyl perox-
ydicarbonate) by treating a sample with aqueous so-
dium iodide and titrating the liberated iodine. 4

EXAMPLE 2

CZHSOQCI + Na,O, —>C2H50EOON3 + NaCl

2C,H;0COONa + 2(CICOCH,CH,),0 + Na,0, —»

0
| . il
(C;H;0COOCOCH,CH,0CH,CH,0C—0-, + 4 NaCl
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The proportions of the reactants of the foregoing
example were varied to obtain the corresponding tri-
functional peroxydlcarbonate ester. A solution of 24 g.
(0.6 mole) NaOH in a mixture of 250 ml. of water and
150 ml. of methanol was cooled to 5°C. and 34 g. (0.3
mole) of 30% H,0, was added. The cooled solution was
stirred while 20 g. (0.18 mole) of ethyl chloroformate
was added and stirring was'continued for an additional
30 minutes. At this point, 20 g. (0.09 mole) of diethyl-
ene glycol bischloroformate was added dropwise over a
period of 30 minutes while maintaining the tempera-
ture of the reaction mixture at 5°C. The mixture was
stirred for another 30 minutes at the same temperature
and then it was extracted with cold benzene. The ben-
zene extract was dried and evaporated as before to
obtain 8 g. of clear, colorless oil which was identified
by iodine titration and by nuclear magnetic resonance
analysis as the diethyl ester of bis(diethylene glycol)
tris(peroxydicarbonate).
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EXAMPLE 3

=0

C3Hg—0—C—Cl + Na,0,— C;H—~0—C—0—0—Na + NaCl

(e}

O=0

2C;Hg—0—C—0—0—Na + (Cl—C—O0—CH,CH,CH,}» —

(e}

(CaHe—0—C—0—0—C—O0—CH,CH,CH,}-,

A solution of 16 g. (0.2 mole) of Na,Q, in a mixture
of 150 ml. of water and 100 ml. of methanol was main-
tained at 5° to 10°C. while 20 g. of isopropyl chlorofor-
mate was added dropwise over 15 minutes-and the final
mixture was stirred for another 15 minutes at that tem-
perature. Then 10 g. (0.04 mole) of 1,6-hexanediol
bis(chloroformate) was added in 15 minutes and the
mixture was stirred for an hour at 5° to 10°C. The reac-
tion mixture was extracted with ether and the extract
evaporated as.in Example 1 to obtain 9 g. of clear,
colorless oil. This was identified by iodine titration as

the expected diisopropyl ester of hexamethylenebls(-'

peroxydicarbonate).

Using the procedure described in Examples 1-3,
sodium alkyl peroxycarbonates are prepared and re-
acted with the bischloroformates of aliphatic diols as
previously defined to obtain the dialkyl esters of the
corresponding bisperoxydicarbonates. By including
sodium peroxide or other such inorganic peroxide and
varying the molar proportions of this and the diol bis-
chloroformate according to the empirical equation set
forth above, trisperoxydicarbonates, tetrabisperoxydi-
carbonates, and higher polyfunctional peroxydicarbon-
ates are obtained as desired. For practical reasons,
proportions of reactants are limited to those required
to make polyperoxydicarbonates where n in the general
formula has a maximum value of four. Compounds with
a higher value of n can of course be prepared, but
problems of completing the reaction and practical iso-
lation of a reasonably uniform product make these
materials of only theoretical interest.

I claim: ~
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1. A process for preparmg compounds having the
formula

ool
R'—O-—(!—O-(—O— —0—~R—0—C—04,0~C—0—R’

wherein R’ is an alkyl radical of 1-6 carbon atoms, R is
an alkylene radical of 2-8 carbon atoms or a polyalky-
leneoxy radical wherein each alkylene group has 2-4
carbon atoms and R has a maximum of about 12 car-
bon atoms, and n is an integer of at least 2, which com-
prises reacting sodium peroxide with an alkyl chloro-
formate of the formula

R’-—O—H—Cl,

wherein R’ has the aforesaid significance, to form the
sodium alkylperoxy carbonate

o
R'—O—y-——O—O—Na,

reacting a sodium alkyperoxycarbonate with a diol
bis(chloroformate) of the formula

wherein R has the aforesaid significance, to form the
corresponding peroxydicarbonate, said reaction being
carried out at about —10°C. to about 20°C. in the pres-
ence of an aqueous lower alkanol.

2. The process of claim 1 wherein said sodium alkylp-
ercarbonate is prepared by reacting sodium peroxide

- with an alkyl chloroformate of the formula
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wherein R’ is ethyl to form the sodium ethylperoxycar-
bonate

CH4CH;—0—C—0—0—Na.

3. The process of claim 1 wherein the reactions are
carried out at between about 0° and 10°C. in aqueous
methanol.

4. The process of claim 1 wherein R’ is isopropyl and
R is hexamethylene.
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5. The process of claim 1 wherein R’ is ethyl and R is
oxydiethylene.

6. A process for preparing compounds having the
formula

R'——0-—C—O+O—C—O—-R—0-—C—0-}-,0—C—O—R'

wherein R’ is an alkyl radical of 1-6 carbon atoms, R is
an alkylene radical of 2-8 carbon atoms or a polyalky-
leneoxy radical wherein each alkylene group has 2-4
carbon atoms and R has a maximum of about 12 car-
bon atoms, and n is an integer from 2 to 4 which com-
prises reacting sodium peroxide with an alkyl chloro-
formate of the formula

(o]
]

R'—0—C—Cl,

wherein R’ has the aforesaid significance, to form the

sodium alkylperoxycarbonate
I
R'—0-—C—0—0—Na,
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reacting sodium alkylperoxycarbonate with at least two
moles to about four moles of a diol bis(chloroformate)
of the formula

CI—B——O—-R—O-—ﬁ-—Cl

wherein R has the aforesaid significance, to form the
corresponding peroxydicarbonate, said reaction being
carried out at about —10°C. to about 20°C. in the pres-
ence of an aqueous lower alkanol and in the presence
of additional peroxide. .

7. The process of claim 6 wherein said sodium alkylp-
ercarbonate is prepared by reacting sodium peroxide
with an alkyl chloro formate of the formula

R'-—O—E—Cl,

wherein R’ is ethyl to form the sodium ethylperoxycar-
bonate

CHJCH,—O-ﬁ—O-——O—Na.

8. The process of claim 6 wherein said diol bis(-
chloroformate) is present in at least three moles; R’ is

ethyl and R is oxydiethylene.
* * * * *




