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The thermal  decomposit ion of benzoyl peroxide in organic solvents has been investigated in de ta i l  
by a number  of authors [1-4]. The decomposit ion of o ther  aroyl  peroxides containing functiona! o r  alkyl 
groups in the benzene ring has been considerably less studied. It was established that the benzoyIoxy 
radicals ,  possess ing substituents in the o-posit ion, generated from cer ta in  peroxides,  are  inclined to un- 
dergo various rea r rangements .  Thus, the formation of individual products in the decomposit ion of o- 
toluylbenzoyl and o-benzoylbenzoyl peroxides can be explained by in t ramolecular  t r ans fe r  of hydrogen 
atoms in the corresponding benzoyloxy radicals  [5]. The thermal  decomposition of o-phenoxybenzoyl pe r -  
oxide is accompanied by a r ea r rangement  of the o-phenoxybenzoyl radicals  that ar ise  to o-(carbophenoxy)-  
phenoxyt radicals  [6]. 3 ,4-Benzocoumarin  is formed from o-phenylbenzoyl peroxide as a resul t  of homo- 
lytic cycl izat ion of o-phenylbenzoyt radicals  [5]. 

This work was devoted to an investigation of the thermal  decomposit ion of the dimethyl e s t e r  of per -  
oxydiphthalic acid (DE PA) in solution; peroxydiphthalic acid itself is pract ica l ly  insoluble in organic solv- 
ents. The basic react ions products were identified, and the react ion kinetics in benzene and acetic acid 
was studied. According to the kinetic data, the decomposit ion of DEPA obeys a f i r s t - o r d e r  equation with 
respec t  to the peroxide (Figs. 1 and 2). In acetic acid the react ion proceeds at a somewhat higher rate than 
in benzene, which is evidenced by the values of the rate constants at the t empera tu re  80 ~ 1.97 �9 10 .-4 and 
1.47 �9 10 -~ sec -1, respect ively  (Table 1). The activation energy of the decomposit ion in benzene is 24.0 
kca l /mole ,  and in acetic acid 27.5 kcal /mole .  It should be noted that the activation energy  of the decom- 
position of benzoyl peroxide in benzene is 29.6 [7] and 31.0 kca l /mole  [8] - it differs appreciably f rom the 
value that we found for DEPA. 

The data obtained, in par t icular ,  the composit ion and s t ruc ture  of the reac t ion  products ('Table 2), 
permi t  us to assume that at the f irst  step of the decomposit ion of DEPA there is a homolytic cleavage of 
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Fig. 1. Semilogari thmic plots of the kinetic curves  of the decomposit ion 
of the dimethyl e s t e r  of peroxydiphthalic acid in acetic acid. 

Fig. 2. Semilogari thmic plots of the kinetic curves  of the decomposit ion 
of the dimethyl es te r  of peroxydiphthalic acid in benzene. 
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TABLE 1. Rate Con- 
stants of the Decom- 
position of the Di- 
methyl E s t e r  of Pe r -  
oxydiphthalic Acid in 
Acetic Acid and Ben- 
zene 

T, ~ 

95,4 
90,0 
85,0 
80,3 
80,0 
78,0 
75,0 
72,0 
69,5 

E, kcal 
/mole 

Reaction rate 

constant k. 10 4 

acetic benzene 
acid 

10,13 
5,62 
3,40 t 3  2 
t37 t ,47 

- -  t , 0 7  
- -  0,90 
- -  0 , 6 3  
-- 0,52 

2%5 24,0 

the O -  O bond with the formation of o- (carbomethoxy)benzoyloxy radicals  (I) 

(o: ~2  (1) 

\COO- ~ COO" 
(i) 

At the t empera tu re  80 ~ and DEPA concentrat ion 0.045 M, these radicals  
undergo decarboxylation to a substantial  degree:  in acetic acid 1.35 moles of 
carbon dioxide per  mole of the peroxide are  liberated, and in benzene 1.16 
moles of carbon dioxide 

COOCH8 COOCHa <X <,, 

COO" 
(If) 

The formation of other  gaseous substances does not occur.  Phthalie anhy- 
dride was detected somewhat unexpectedly in the decomposit ion products.  
Its formation can be explained if we assume that the radicals  (I) are  capable 
of cyelization with elimination of a methoxy radical  

o 
// 

COOCHa C 

--~ 0 + CHa0' (3) 

COO" C/ 
No 

The probabili ty of such eyclizat ion is confirmed by a qualitative identification of methanol in the re -  
action mixture (by the method of mass  spec t rome t ry  on an MI-1305 instrument according to the charac -  
te r i s t ic  peaks of the ions with mass  numbers  32 and 31). The lat ter  is readily obtained on account of s t r ip-  
ping of hydrogen atoms from the solvent by methoxy radicals  [9]. However, react ion (3) cannot be con- 
s idered a p r io r i  as the only pathway of synthesis  of phthalic anhydride and methanol f rom DEPA. Together  
with the homolytic cyclizat ion of radicals  (I), we should also have assumed the possibil i ty of occur rence  
of react ions (4) and (5) 

COOCH~ COOCH3 

O( 0 + RH ~ + R" (4) 
\ 

coo" C00H 
0 

J 
COOCHa C 

COOH C 

0 

Our investigations permit ted us to establish that under the experimental  conditions that we used, 
methanol and phthalic anhydride are  not formed from the monomethyl es te r  of phthalic acid, i . e . ,  r eac -  
tion (5) does not take place. In addition to participation in monomolecular  p rocesses  of decarboxylation 
and cyclization, radical  (I) is also capable of interacting with the solvent. 

Solvent 

Benzene. ...... 

Acetic acid .... 

TABLE 2. Yield of Decomposit ion Products  of the Dimethyl Es te r  
of Peroxydiphthalic Acid, Moles per  Mole of the Peroxide 

il o 
o ~ o L 

80 t,35 0,236 0,970 0,~6 ~ -- -- 
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Fig. 3. nR spectrum of the dimethyl 
ester of peroxydiphthalie acid in 
carbon tetrachloride. 
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Fig. 4. IR spec t rum of peroxydiph-  
thalic acid in a p r e s s ing  with KBr.  

In the decomposi t ion of DEPA in benzene,  the methylphenyl  e s t e r  of phthalic acid was detected among 
the reac t ion  products;  it is probably formed as follows: 

COOCHa 
(,~COOCH~ 

O" § 
\c00" v H 

However,  

COOCH3 

"0 
this pathway is r ea l i zed  with a ve ry  negligible contribution to the s u m m a r y  p r o c e s s  of 

(6) 

chemica l  convers ions  of the rad ica l s  (I) - the yield of the monophenyl e s t e r  of phthalic acid is only 0.001 
mole  per  mole of the peroxide.  It may  be a s sumed  that an analogous reac t ion  takes  place between benzene 
and the rad ica l s  (II), genera ted  according to Eq. (2). As a resul t ,  the methyl  e s t e r  of o-phenylbenzoie  acid 
is obtained 

C00CH3 ~ /C00CHa 

Or +0 0.@ 
In Eqs. (6) and (7), X" undoubtedly r e p r e s e n t s  rad ica l s  (II), and evidently rad ica l s  (I) and CH30. We have 
a l ready  noted the p re sence  of methanol ,  fo rmed  f rom CH30", in the decomposi t ion  products  of DEI~A. 

As for the rad ica l s  (I), they should be conver ted  to the monomethyl  e s t e r  of phthalic acid accord ing  
to s chemes  (6) and (7). However,  the monomethyl  e s t e r  of phthalic acid could not be identified by the me th -  
od of gas - l i q u i d  ch romatography  under  the conditions that were  used as applied to the ana lys i s  of the o ther  
e s t e r s  p re sen ted  in Table  2. 

Fo r  this reason ,  the reac t ion  products  were  p re l imina r i l y  methyla ted  with d iazomethane,  then ana-  
lyzed for the content of the dimethyl  e s t e r  of phthalic acid. 

In the decomposi t ion  of DEPA in acet ic  acid, the rad ica l s  of (II) that a r i s e  en te r  into a reac t ion  with 
the solvent,  giving the methyl  e s t e r  of benzoic acid, and recombine ,  forming the dimethyl  e s t e r  of diphenie 
acid 

C00CH3 COOCHs COOCHa 
I i i 

EXPE RIMENTA L 

Peroxydiphthalic acid was synthesized aecording to the method of Bayer [I0, II]: 20 g of thoroughly 
ground phthalic anhydride was added to a vigorously mixed cooled mixture of 150 ml of 3% hydrogen per- 
oxide and 75 ml of 10% sodium hydroxide. After 5 rain of filtration, the unreacted anhydride was removed, 
the filtrate acidified with sulfuric acid, the white crystals precipitated, filtered off, washed with water, 
acetone, and dried under vacuum; mp 168 ~ (with decomp.). 

Dimethyl Ester of Peroxydiphthalic Acid. DEPA was produced by methylation of peroxydiphthalic 
acid with an ether solution of diazomethane, prepared from nitrosomethylurea [12]. The product, recrys- 
taIlized from ether, was isolated in the form of white crystals with mp 101.5 ~ Found: C 60.35; 60.36; H 
4.17; 4.22%. C18H1408. Calculated: C 60.34; H 3.91%. The content of active oxygen, according to the data 
of iodometric titration [13], is 98-100% of the theoretical. 
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The kinetic resul ts  were  obtained in the decomposition of DEPA in a thermosta t ica l ly  controlled re-  
ac tor  (-0.1 ~ in an a tmosphere  of purified argon. The initial peroxide concentrat ion was 0.075 M. The 
decomposit ion of DEPA for  a determination of the composition and yield of the products obtained was con- 
ducted in a two-necked flask, equipped with a reflux condenser,  a tube for introduction in inert  gas, and a 
t rap  with alkali for the t rapping of CO 2. The peroxide concentration in such experiments was 0.045 mole 
pe r  mole of the solvent. Tempera tu re  of the react ion 80 ~ . 

The composit ion of the decomposit ion products of DEPA was determined by the method of gas - l iquid 
chromatography,  using an internal s tandard and standard samples produced by counter synthesis.  Condi- 
tions of analysis :  t empera tu re  140-160 ~ column length 2 m, d iameter  4 mm, 10% polyethylene glycol 
adipate and 15% silicone SE-30 on Chromosorb  P. The detector  was a katharometer ,  the c a r r i e r  gas 
helium. The amount of the monomethyl e s t e r  of phthalic acid was calculated as the difference between the 
total content of the dimethyl es te r  of phthalic acid in the products of methylation of the react ion mixture 
and the amount of dimethyl phthatate corresponding to the content of phthalic anhydride (the la t ter  is methyl-  
ated by diazomethane together  with the carboxyl ic  acid [12]). The IR spectra  cited in Figs. 3 and 4, c o r r e -  
sponding to peroxydiphthalic acid and its dimethyl es ter ,  were taken in a press ing  with KBr and in a solu- 
tion of carbon te t rachlor ide ,  respect ively.  The spec t ra  were taken on a UR-10 inst rument .  

C O N C  L U S I O N S  

1. The kinetics of the thermal  decomposit ion of the dimethyl e s t e r  of peroxydiphthalic acid in acetic 
acid and benzene was studied. 

2. The basic react ion products were identified, and the mechanism of their  formation was proposed. 
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