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The catalytic oxMation of 3, 5 - and 3.4 -dimethylphthalic anhydrides on 
fused vanadium pemoxidehas been studied. Based on the present results and 
earlier data, the reactivity order of a complete set of mono- and dimethyl 
derivatives of phthalic anhydride has been established. The results are dis- 
cussed using quantum-mechanical calculations. The experimental and theoreti- 
cal data support the assumption that the rate-determining step of destructive 
oxidation is the cleavage of carbon-carbon bonds in the aromatic ring. 

H 3 y ~ e H o  EaTanZTHqecKoe OKHCneHHe 8,5--, g S,4--nHMeT~n~Ta-- 
~eBbIX aHPH~pH~OB Ha H~aB~eHHOH HHTHOKHCH BaHa~HH. Hfl 

oCHOBaHHR nonyqeHHbIX H paHee  oHyOHHK)BaHHmXHaHHblX yc-- 
Tfl~OBfleH pH~ OTHOCHT~ibH0~ peflKHHOHHOH CHOCO6HOCTH n O n -  

HOFO H a 6 o p a M O H O  H ~HMeTHHHpOH3BO~HbIX~TaHeBoPoaHPH~pH~a. 
P e s y H b T a T b l  O 6 C ~ a ~ T C H  C HpHBneqeHHeM KBaHTOBOXHMHqeCKHX 

pacqeTOB,  HCXOH~ H30H~THbIX H pacHeTHBIX ~aHHHX c ~ e n a H o  

HpegjIOnO~eHHe, qTO ~e~neHHOfi cTa~nefi nPOHecca~ecTpyKTHB-- 
HOFO'OKHCaeHHH flBnSeTcfl p!aspBm yF~epoByFaepoBHsIx CBHaefi 

apOMaTHqeCKOPO KOnbHa. 

INTRODUCTION 

Earlier we have studied the catalytic oxidation of mono- and some dimethyl 
derivatives of phthalic anhydr ide / I -3 / .  It was of interest to study the oxidation 
of the whole set of mono- and dimethyl derivatives under identical conditiom in 
order to elucidare the relative reactivity (RR) toward destructive oxidation in the 
serlesof  isomeric compounds. The present work is concerned with the catalytic 
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oxidation of 3, 5- and 3, 4- dimethyl derivatives of phthalie anhydride. In addition, 
the results obtained in Refs. / 1 - 3 / a r e  supplemented with data on the oxidation of 
3, 6- and 4, 5- dimethyl derivatives under the same conditions. 

EXPERIMENTAL 

The oxidation was carried out in a flow reactor with a fixed bed of catalyst. 
The characteristics of the catalyst, the apparatus, experimental procedure and 
chromatographic analysis have been described in Refs./1-3/.The experiments were 

carried out under conditions eliminating diffusion control and homogeneous oxi- 
dation in the gas phase. During the experiments the catalyst's activity remained 
constant which w as checked in special experiments under standard conditions. 
3, 5- and 3,4-dimethylphthalic anhydride were synthesized by a technique similar 
to that employed in Refs. /1 -3 /  for the synthesis of other mono- and dimethyl 

anhydrides. 

RESULTS AND DISCUSSION 

Table 1 gives the experimental data on the oxidation of 3, 5- and 3, 4- di- 

methylphthalic anhydride. 
Using the data obtained for other isomers, the derivatives of phthalic anhy- 

dride can be placed in the following order according to their reactivity 

I I I >  II 
VII > V ~* VI-> IV 

(III is more reactive than II and so on, the formulas of compounds are given in 

Fig. 1). 
In the literature there are several different approaches to the explanation of 

the RRofhydrocarbons in complete oxidation reactions. According to Refs. /4, 5/, 
the rate-determining step of complete oxidation is the rapture of the multiple 
C = C bond. Assuming the rupmreofone = -bond in olefins and acetylenes and Of 
a c - c bond in paraffins and cycloparaffins to be the rate-determining steps, the 
authors of Refs. /6, 7 /have  found relationships which permit the approximate es- 
timation of the RR in complete oxidation reactiom. An approach based on the 
correlation of RR with the average free energy per one bond in a hydrocarbon mo- 
lecule is also being developed/8/ .  Recent results /9, 10/indicate that the RR of 
paraffin hydrocarbons is determined by the energy of C - H bonds. The RR of al- 

(1) 
(2) 

392 



I S M A G I L O V  e t  aL :  D E S T R U C T I V E  O X I D A T I O N  

0 

0 

% 

N ~ 

g ~ 

I 

0 0 0 0 0  
~ 0 ~  

~ 0 ~  
~ 4 d d  

4 d d F ~  

0 

0 
o 
r 

t~ 

t~ 

0 
o 
r-~ 

0 

"0 
0 

4* 393 



ISMAGILOV et al.: DESTRUCTIVE OXIDATION 

C 

0 .~7  

i J  
C 

O.Z~9 O o.4~ O 

c / ~ ~.~-c ~.~ c Q.,~ c ~. 

0 C 

IV u 

Fig. 

C 

V! 

~449 

o,# # 

C 

1. Molecular diagram of mono- and dtmethyl derivatives of phthaUc anhy- 
dride 

kenes and alkynes is determined by the interaction of the mukiple bond with the 
surface of the catalyst. 

The properties of compounds studied by us permit relatively simple quantum- 
chemical  calculations to be made in order to account for the observed RR. Using 
the Hiiekel method with a heteroatomic m o d e l / 1 1 , 1 2 / ,  we have calculated the 
charges on the carbon atoms of the aromatic ring, bonded to the methyl groups 
and the orders of =-bonds of the aromatic ring (Fig, 1). 

In the case of monomethyl derivatives, the charges on the carbon atomswhich 
determine the mobility of hydrogen atoms in the methyl groups / 1 3 . 1 4 / i n d i c a t e  
a greater mobility for compound HI. that is a higher reactivity. The free valence 
indexes F i also indicate a higher reactivity of the aromatic ring in compound III 
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as compared with II. (Here and below are compared the highest values of charges 
and free valence indexes in each molecule). 

In the case of dimethyl derivatives there is a correlation with the experimen- 
tal data only for the free valence indexes: 

V > VII > VI > IV 
0.463 449 0.425 0.259 (2a) 

Therefore, for the series of dimethyl derivatives the estimation of RR by means 
of the free valence indexes proves to be reasonable. 

For the monomethyl derivatives it is not possible to detect unambiguously 
the most important factor determining the RR, the mobil i ty of methyl hydrogen or 
the stability of the aromatic ring. However, the fact that there is a similarity be ,  
tween the changes;in the values of the free valence index and the RR in the mixed 
series 

III > II > VI ~ IV 
0.461 0,452 0.425 0.259 

appears to indicate the importance of the cleavage of the aromatic ring also for 
the monomethyl derivatives. 

Thus, on the basis of the results obtained it can be concluded that the free 
valence indexes permit to describe the RR toward the destructive oxidation of 
mono- and dimethyl derivatives o f  phthalic anhydride. The cleavage of the car- 
bon-carbon bonds of the aromatic ring appears to be the rate-determining step of 
the process. The effects of steric and other factors have not been considered. We 
intend to study this problem by performing more detailed quantum-chemical cal-  
culations involving improved methods. 
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