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Abstract:  Semi-empirical molecular orbital theory AM1 method is employed to study the 
ortho-position substituent impact on intramolecular proton transfer reaction of perylenequinone.  
The calculation demonstrates that the perylenequinone molecule is of stable structure, and all 
substituents may cause the decrease of barriers for the hydrogen transfer reaction.   
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Perylenequinoids are photosensitive.  Because they can effectively kill tumor cells and 
inhibit HIV viruses, people have paid much attention to them in recent years and expected 
them to become a new kind of medicine for treatment of tumor and AIDS1.   

The reason why it is possible to use Perylenequinoids as medicine is that they possess 
excellent photosensitive properties such as good thermal stability, high level of 1O2 
quantum yield, and easiness of purification, etc 2~4.  These performances are determined by 
their unique molecular structure (Figure 1).  They may have intramolecular hydrogen 
transfer reaction between Oa and Ob as shown in Figure 1.  This proton transfer reaction 
plays an important role in keeping perylenequinoid’s photosensitivity, therefore it is 
important on deciding the photosensitive mechanism to study the reaction of this transfer 
reaction.  This paper theoretically studies the impact of ortho-position substituents of 
perylenequinone on mechanism of proton transfer process.  As a medicine, the changes of 
substituents have strong impact on properties and activities of medicines.  Our study lays a 
theoretical foundation for developing and applying these substances, and explaining 
phenomenon in experiments.   

Structures of all stationary points are obtained by full optimization of geometric 
variables using AM1 method5.  Vibrational analysis of 7 transition states are calculated; 
only one negative eigenvalue is identified in their force constant matrix for each transition 
state, and its corresponding vibrational mode points respectively to the reactant and 
product.  Gussian 946 is used to conduct all calculations. 

Figure 1 presents reactions of  intramolecular proton transfer of perylenequinone for 
different substituents: X=Br, Cl, F, CN, H, CH3 (M), OCH3 (OM).  Table 1 presents the 
heat of formations and reaction barriers for reactants, transition states and products.   
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Table 1. Energies and barriers of substances in reaction process (kJ/mol) 

 
 Reactants Transition state Product Reaction barriers 

P-Br -199.22 -119.81 -193.33 79.41 
P-Cl -250.98 -170.15 -245.23 80.83 
P-F -413.40 -328.19 -405.71 85.21 
P-CN -92.48 -10.095 -83.345 82.38 
P-H -240.30 -153.12 -227.35 87.18 
P-M -266.36 -182.81 -257.83 83.55 
P-OM -381.78 -297.30 -377.29 84.48 

 
Figure 1. Intramolecular Proton Transfer of Perylenequinone 

 
Impact of substituent on barriers of hydrogen transfer reaction  
 
From data in Table 1, it can be observed that for electron withdrawing substituents, when 
X=Br, CI, F, as the increase of electric negativity of substituent, the barrier of proton 
transfer reaction increases relatively, which are 79.41, 80.83, 85.21 kJ/mol respectively.  
When X=CN, because of its conjugation effect on the ring, electrons on hydroxyl oxygen 
are stabilized, its barrier is 82.38 KJ/mol, which is higher than that of substituent Cl, but 
lower than that of substituent F.  All the electron withdrawing substituents make the 
reaction barrier lower than perylenequinone.   

For electron donating substituents, when X = CH3 (M), OCH3 (OM), it also makes 
the reaction barrier lower.  Perylenequinone, which has no substituents, showed the 
highest barrier for the reaction.  This indicates that any type of substituents, both electron 
withdrawing or donating, can lower the barrier of the proton transfer reaction. 

 
Substituent impact on charges of oxygen atoms related to hydrogen transfer 
 
In proton transfer reaction, the net charges of the atoms  related to the shift process play an 
important role.  To show the difference of net charges for every substituents, we listed the 
charges in Table 2. 
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Table 2 Charges of oxygen atoms related to hydrogen transfer (Unit: |e|) 
 

 Reactants Transition states Products 
 Ob Oa Oa Ob Oa Ob 

P-Br -0.3376 -0.2378 -0.3435 -0.3530 -0.2445 -0.3318 
P-Cl -0.3372 -0.2379 -0.3443 -0.3530 -0.2457 -0.3493 
P-F -0.3341 -0.2355 -0.3429 -0.3513 -0.2432 -0.3253 
P-CN -0.3351 -0.2381 -0.3398 -0.3558 -0.2422 -0.3366 
P-H -0.3407 -0.2500 -0.3484 -0.3700 -0.2468 -0.3517 
P-M -0.3421 -0.2529 -0.3492 -0.3717 -0.2476 -0.3524 
P-OM -0.3377 -0.2257 -0.3502 -0.3402 -0.2464 -0.3145 

 
It can be seen that both electron-withdrawing (X=Br, Cl, F, CN) and 

electron-donating groups (X=OM) decrease the negative charge of Oa and Ob, that may 
lessen the bond between Oa and proton in reactant and makes the reaction easier, which is 
consistent with the reaction barrier listed in Table 1.   

It is also indicated in Table 2 that for electron withdrawing substituents, the negative 
charge of Oa of reactants has good relationship with the reaction barrier (see Table 1), the 
more negative of Oa for the substituent, the lower of the reaction barier, namely the 
regularity of the net charge of Oa for P-Br, P-Cl, P-CN and P-F: -0.3376 < -0.3372 <       
-0.3351 < -0.3341 is consistent with the regularity of reaction barrier for these compounds: 
79.41 < 80.83 < 82.38 < 85.2 KJ/mol-1.   
 
Conclusion 
 
Based on above calculations and discussion, the following conclusion can be made: The 
structure of perylenequinone molecule presents a conjugate system, which is important for 
the reaction.   

Both electron-withdrawing and electron-donating substituents at the ortho-position 
of perylenequinone make the proton transfer reaction easier, which may be caused by the 
conjugation of the rings. And both types of substituents may accelerate the photochemical 
reactions when they are used as medicines.   

The negative charge of Oa of reactants also has some sort of relationship with the 
reaction barrier, the more negative of Oa for the substituent, the lower of the reaction 
barier.   
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