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Abstract—Decomposition of dicumyl peroxide and cumgrt-butyl peroxide was studied in the presence of
tetraethylammonium halides iacetonitrile, dimethylformamide, 2-propanol, and acetmd. The tetra-
ethylammonium halides accelerate the decomposition of dialkyl peroxides in 2-propanol andchaktiout
do not affect the reaction velocity in dimethylformamide aadetonitrile. Thedecomposition products
characterdepends on the solvemature.

In a number of publications [1] was reported onThe decomposition thereof was already studied in
considerable acceleration of diacyl peroxides deeumene and chlorobenzene [5] where the products
composition effected byquaternary onium salts composition was limited to acetophenone and
(chlorides, bromides, iodides, picrates tetraethyl- 2-phenylpropan-2-ol. Yet it is known [6] that at
ammonium, triethylbenzylammoniungtc.). induced decomposition of dialkyl peroxideserg-

The investigation of effect of thequaternary Putyl peroxide) arise epoxy derivatives which can
ammonium salts on the benzoyl peroxide decomposroduce quite a few secondary products depending
tion established that the rate of reactidrecame ©ON the experiment conditiongesides thejuaternary
2-3 orders ofmagnitude greater than the thermolysis@Mmonium halides are sparingly soluble in the
velocity, and therefore it was possible to carry Outsolvents of lowpolarity. Therefore weehose a series

the peroxide decomposition at lower temperaturd’ Solvents with different properties that were
(298303 K). The process activation is sufficiently good solvents both for peroxides and

effected by anion as shows the increase of the reactighiaternary ammoniursalts.

rate in the halide series | > Br > CI. The role of The thermal decomposition of peroxides was
cation consists in electrophilic assistance to the perstudied at 96C. We chose this temperature to reduce
oxide decomposition. The acceptor characteristics afhe contribution from the thermal decomposition. The
the solvent notably affect theate of the activated de- curves of peroxidé consumption are given dfig. 1.
composition[2]. It is also known that the oxidation The initial rates of the thermal and activated decom-
of hydrocarbons in the presence of the quaternarpositions were evaluated by graphical differentiation

onium salts is accelerated [3] due to the interaction obf the curvest vs time till conversion 10% (Table 1).

the forming hydroperoxides with thealts. It turned out that the rate of the thermal decom-

Thus obviously the decomposition of peroxides ofposition considerably depended on the character of
RC(O)OO(O)CR and ROOH type is significantly solvent and changed in the series ACOH-PrOH >
affected both by thetructure of salts and the medium pecN > DME. This fact is well consistent with the
characteristics. literature data. For instance, in [5] wastablished

Under thermolysis conditions dialkyl peroxides that the rate of thermal decomposition of thert-
are more stable than hydroperoxides and diacybutyl peroxide in the temperature range 1285°C
peroxidesg[4]. The target of this study was evaluation decreased in the solvent series acetic acid > aceto-
of the possibility to activate the decomposition ofnitrile > 2-propanol. The alteration of the thermal
dialkyl peroxides with quaternary ammonium halidesdecomposition rate corresponds to ttigange in the
and investigation of the medium effect on the kineticelectrophilicity factor and dielectric constarj¥].
parameters and mechanism of ®cess. Abjects Thus just the electrophilic characteristics of the
of the study we selected the most accessible dicumydolvent influence the most the rate of thermal decom-
peroxide () and cumyl tert-butyl peroxidell(). position.
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Table 1. Initial decomposition rates of dialkyl peroxides From theabove data may be constructed the following

in various solvents, 9T hypothetical scheme of peroxide decomposition.
Peroxide |[Et,NBr],|Solvenl ea | E® | W,x1(, |CH3 ?Hs |CH3
mol I"* mol I's™ Ph —|C—O—O—$—Ph —~2Ph— $—0'
(1)
CumOOCun) - |MeCN|37.5|5.2|4.1+0.7 CH, CH, CH,
- DMF [36.7 | 2.6 |5.2+1.1 m
- i-PrOH| 18.3| 8.7|10.8+0.5
0.1 |i-ProH 11.6+0.6 CH, CH,
- |AcOH [6.15 |14.6/26.5+3.6 Ph—é—o‘ \C=O+'CH
0.1 |AcOH 92.9+4.1 | Ph’ 3 @
CumOOBut - MeCN 0.97+0.12 CH; v
0.1 |MeCN 1.93+0.43
- i-PrOH 10.8+0.6
- AcOH 286+22 |CH3 $H3
. RH
2 Data from[7]. "W, was determined up to 10% conversion. Ph_$_o Ph_$_OH 3)
CH, CH,
Note the significant difference in products arising Vv
at peroxide | decomposition in various solvents
(Table 2). In the literature as the main products of CH, CH, ‘CH CH,
peroxidel decompositions were described 2-phenyl- I I RO | I
propan-2-ol and acetophenone, however we detectedPh_$—0—O_$_Ph_ROH Ph—lc—O_O_C_Ph
in the reaction mixture also 2-phenylpropene, 2- CH, CH, CH, ca, 4

phenyl-1,2-epoxypropane, and 1-acetoxy-2-phenyl-
propan-2-ol. The selectivity of decomposition product
formation we calculated in moles per 1 mole of
decomposedperoxide.

A

7N\
A— Ph_IC_CH2+ "CH,4

In 2-propanol and dimethylformamide the main (5)
decomposition product is 2-phenylpropan-2-ol, in CH,
acetic acid alongside this compound and acetophenone VI

arise 2-phenylpropene, 2-phenyl-1,2-epoxypropane,
and also 1-acetoxy-2phenylpropan-2-ol.

CH,
AcOH | [
Ph—? —CH,0-C—CH;,
10 ol ©
- 0 v 1 0
' 7N\ 7
— Ph—-C—CH, Ph—C—C (7)
g 9 | | Ng
it CH, CH,
= VIII
x ?Hg
° 8 T~ Ph—C-CHOH
: OH ®)
7 X
| | | |
5 10 15 20 Time, h
CH, P
Fig. 1. DEcomposition of dicumyl peroxide in acetaxid, Ph—C—OH — C=CH,
90°C. (1) Thermal decomposition;2f Decomposition in | “H,0 Cf{ ©)
the presence of tetraethylammoniubromide. CH; 3 X
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Table 2. Selectivity of products formation in decomposition of diallgroxides, 9¢C, ¢, 0.1 mol I*

Solvent |[Et,NB], |AX, % Decompositionproducts, mol mof of decomposed peroxide
mol/l aceto- |2-phenylproq2-phenyl-|2-phenyl-1,2-| 1-acetoxy-2-phe- 2-phenylpro-
phenong pan-2-ol propene [ epoxypropang nylpropan-2-ol | pane-1,2-diol
Dicumyl peroxidé
DMF 0 4 0.25 1.75 0 0 0 0
DMF 0.1 7.8 0.22 1.78 0 0 0 0
MeCN 0 0.9 1.55 0.45 0 0 0 0
i-PrOH 0 11 0.19 1.81 0 0 0 0
i-ProH 0.7° 6.4 0.35 0.63 1.01 0 0 0
i-PrOH 0.1 9.7 0.11 1.89 0 0 0 0
AcOH 0 215 | 0.69 0.13 0.98 0.06 0.15 0
AcOH 0.1 17 0 1.5 0.041 0.05 0.41 0
Cumyl tert-butyl peroxidé
MeCN 0 25 0.78 0.22 0 0 0 0
i-PrOH 0 455 | 0.12 0.1 0.49 0 0 0.29
AcOH 0 ~100 0.11 0.05 0.34 0.31 0.2 -
AcOH 0.1 ~100 0.14 0.14 0.2 0.23 0.29 0

2 Conversion in 29 h? Et,N-CI. ¢ Conversion in 60 h.

It is expectable that therimary product of peroxide solvents in the course of reaction was sufficient for
I decomposition would be cumyloxy radicdl that ring opening along thipath. AldehydeVIll , product
can undergo fragmentation into acetophenbheand of epoxyring rearrangement, was ndetected in the
a methyl radical or can abstract hydrogen atom fronreaction mixture.
solvent or another species. This hydrogen abstraction The dehydration of alcohol V furnishes
provides 2-phenylpropan-2-oMj [8]. The ratio of 5 yhanvinropene [reaction (9)] as is confirmed by the
compounddV andV s_hows the rate ratio of the two form of productaccumulation curvegFig. 2).
processes; the latter is governed by the temperature N _
and energy of rupture of the-&l or O-H bonds in The composition of products of peroxidd
the solvent moleculef]. For instance, aperoxidel  thermolysis (expressed in mol mbl of peroxide
decomposition in 2-propanol alcohdl forms con- decomposed) is given in Table 2. We did not
siderably faster than occurs fragmentation of radicainvestigate the volatile products originating from the
Il (Table 2). In acetonitrile the fragmentation rate istert-butyl part of the molecule.

higher than that of alcohdV formation, andaceto- The peroxide decomposition in the presence of
phenone becomes the major product of teaction. quaternary ammonium halides was carried out at

When alkoxy radical attacks the peroxide moleculeguimolar concentration of peroxide arsalt. We
may occur hydrogen abstraction from a methyl grOUF5establlshed that thg _solyent characf[er con5|derably
resulting in ap-peroxy radical (A) [reaction (4)] a}ffected the salt activity in the peroxide decomposi-
[6, 9]. The intermolecular homolytic substitution 10N
within B-peroxy radical affords 2-phenyl-1,2-epoxy- The presence of tetraethylammonium bromide
propane Y1). The epoxyring is unstable and depend- (Et,N-Br) during the decomposition of peroxidein
ing on the solvent and temperature it may open talimethylformamide does not affect the procease
provide secondary products:2-phenyl-2-methyl- or products composition. The difference in the reac-
propanal, 1-acetoxy-2-phenylpropan-2-ol, a@aéso tion rates is within the accuracy of gas-chromato-
2-phenylpropane-1,2-diol [reactions (6, &)]. Ester graphic analysis. The qualitative composition and
VII readily forms inacetic acid at 68 within 1 h as ratio of reaction products are identical to the data
show special experiments. DidK can arise in the obtained with thermal degradation. In the presence of
presence ofwater; thus the waterccontent in the E{N-Cl in 2-propanol the ratio of degradation
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products changes, and arises additionally olefin
originating from dehydration of alcohdf. However

in the presence of EN-Br the set of decomposition 10
products of peroxidé remains the same. T

Et,N-Br considerably affects theate and de- g
composition products when the reaction is carried out «
in aceticacid. In thepresence of the salt grows the =
rate of alcohoV formation as compared to the rate of
fragmentation, decreases the fraction of ole¥n
increases the amount of esiéll , and that of epoxide
VI is reduced. The rate of thactivated decomposi-
tion is similar to that of thermolysis (Table 1).

6

>

4
2

5 10 15 20 25 30 Time h

Thus the data of this study show that the solvent Fig. 2. Accumulation of 2-phenylpropene 1 and
character significantly affects the activity of tetra- 2-phenylpropan-2-ol2) at the thermal decomposition
ethylammonium halides in the decomposition process of dicumyl peroxide in aceticacid, 90C.
of dialkyl peroxides. The series of alteration in the
thermal decomposition rate is in agreement with the The solutions of the peroxides under study were
change in the solventlectrophilicity. maintained at constant temperature in the sealed
ampules. The temperature “@ was maintained with

g The effc_at(_:t o%saltt]s no.nn;‘h.?l g!&et;ﬂa:%Tne];eési dzngn he accuracy0.05C. The initial reagents concentra-
ecomposition mechanism n dimetny ions were as followsROOR, 0.1 mol1%; Et,N-Hig,

acetonitrile is negligible, and only the decomposition 1

; . ) . ; 0.1 moll-.

in acetic acid and 2-propanol is accelerated in the _ ' _
presence ofalts. Thepresence of salts considerably ~The consumption of peroxides and accumulation of
affects the reaction products composition indicatingde_compOSItl_on products Was_determlned by GLC
that the transformation of the cumyloxy radical shiftsusing a capillary column CP-Sil 5CBilm-0.12 um,

in the direction of proton abstraction. 10 m long, internal diamete0.25 mm. It waspre-
liminary shown at that the use of capillary columns at
EXPERIMENTAL evaporator temperature less than 2D@he chromato-

graphic separation of peroxides was not accompanied
Acetonitrile (Aldrich, 99.3%) wasused without by their thermal decompositiofill]. The analysis
further purification. 2-Propanolacetic acid, and Wwas carried out on a Chrompack chromatograph
dimethylformamide were purified as in [10]. equipped with  the flame-ionization detector,
. . . evaporator temperature 170, detector at 25,
_Tetraethylammonlum bromide (Aldrlgh, 99%) Was gven temperature programmémm 50 till 170°C at
dried at reduced pressure at 353 K in Fislgm. 5 yate PC/min. The reactant concentrations was

Tetraethylammonium chloride was purified by eygjuated by internal standardhethod, biphenyl
reprecipitation with cold ethyl ether from hot ethanol standard.

solution. The precipitate wasollected on glasgrit
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