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SYNTHESIS AND ANTIOXIDANT ACTIVITY OF 4-ACYLOXY-3-ACYLMETHANO-2,5,6- 

TRIHETHYLPHENOLS 

V. D. Luk'yanchuk, V. P. Makovetskii, UDC 615.272.014.425.012.1 
and V. V. Zhirnov 

The investigation of synthetic highly effective medicinals with antioxidant-type activity 
is a significant concern of bio-organic chemistry and pharmacology, as a result of their 
wide spectrum of potential usage for different pathological conditions accompanying activation 
of the lipid peroxidation process. 

The present portion of work is a logical continuation of our work in progress, searching 
for new physiologically active substances possessing antioxidant properties in the modified 
tocopherol series and attempting to establish the connection between their chemical structure 
and their pharmacological activity [6]. 

The following compounds, prepared earlier, ware used in this study: Ia-h [2, 3, 5, 8], 
IIa-b [4, 5], IIIa-c [i]: 

- y -ocmu 3 " y "oo~h 

Ya-h fa,b a7 a,c 

R=CH~COC}|~ (la). CH~COC2Hs ([b,. CH2CO -cyclopropyl 
...~ {lc). CH~COC~JI~, (ld ilia0, CH2COCH2Br (iej, 
CHeC(CHa}=NNHCONH~ {If), CH~C(CHaJ=NOH (ig). 
CH:C{CH~ICICN)e (lh,i);CHa (llb), C6Hs (lib). t Phenyl- 
3.5-dimethylpyra~o 1-4- (ilI b~. CH (COClta) 2 ( I3Ic ) ; R ~= CH, 
{li. li~,~. H (Ia-h, IIIc). 

The methoxy derivative li was obtained by methylation of the dicyano derivative Ih with 
dimethyl sulfate in acetone. 
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EXPERIMENTAL (CHEMICAL) 

The IR spectrum of compound Ii was obtained with a UR-20 spectrometer (GDR) in a KBr 

pellet. 

ltl-Dicyano-2-methyl-3-(3-methoxy-6-acetoxy-2~4,5-trimethylphenyl)-propen-1 (Ii). A 
mixture of 1 g of Ih, i ml of dimethyl sulfate, and 1 g of calcined potash was boiled in 15 
ml of dry acetone for 5 h. The reaction mixture was then cooled and added to 100 ml of cold 
water. The precipitate was filtered off and washed with water. 

EXPERIMENTAL (BIOLOGICAL) 

The antioxidant activity of the compounds was studied on the basis of the auto-oxidation 
of the methyl esters of unsaturated fatty acids, stimulated by the presence of divalent iron 
ions. The source of the fatty acid methyl esters was the pharmacopeal preparation linetoi 
[7]. 

The i n f l u e n c e  o f  t h e  s t u d i e d  compounds  on t h e  p e r o x i d e  o x i d a t i o n  o f  l i p i d s  (POL) was 
s t u d i e d  by t h e  me thod  of  [9]  i n  o u r  m o d i f i c a t i o n  a c c o r d i n g  t o  w h i c h  0 . 5  g o f  l i n e t o l  was 
t r e a t e d  w i t h  0 . 2 5  g o f  Tween -80  and  t h e  m i x t u r e  was s o n i c a t e d  i n  4 . 2 5  ml  o f  p h o s p h a t e  b u f f e r  
( 0 . 0 5  m o l e ,  pH 7 . 4 )  i n  a UZDN-2T u l t r a s o u n d  d i s p e r s o r  (USSR) f o r  5 m i n  a t  a f r e q u e n c y  o f  20 
kHz. Then  t o  0 . 5  ml o f  t h e  p r e p a r e d  d i s p e r s i o n  was a dde d  0 . 0 5  ml o f  a s o l u t i o n  o f  t h e  s t u d -  
i e d  compound i n  a known c o n c e n t r a t i o n  s u c h  t h a t  t h e  m o l a r  r a t i o  i n  t h e  i n c u b a t i o n  medium o f  
l i p i d  s u b s t a n c e  was 5 0 0 : 1 .  The m i x t u r e  was b r o u g h t  w i t h  p h o s p h a t e  b u f f e r  t o  a f i n a l  v o l u m e  
of 4.5 ml and  POL was stimulated with 0.5 ml of 0.14% aqueous solution of FeSO~-7HzO. The 
final mixture was incubated at 37~ and aliquots of 0.05 ml were withdrawn after 20, 40 and 
60 min to determine lipoperoxide. 

The intensity of occurrence of the POL process was measured by the content of lipoperoxide 
by the method of [I0]. The results were treated statistically by means of the Student t test. 

It was experimentally shown that the studied series of compounds possesses variable antioxi- 
dant activity, depending upon the properties of the substituent R in position 3 of the tri- 

TABLE i. 
trimethylphenois and Their Derivatives 

Compound I Study time, min 
I ~ 1 20 1 '~ 

Control (without 
addi t ion  of a n t i -  
oxidant) O, 140+0,018 0,230• 0,360• 

Antioxidant Activity (in relative units) of 4-Acyloxy-3-acylmethano-2,5,6- 

I 6O 

0,530~:0,041 

-Tacopherol 0,080~0,009 O, 120fl=O, Ol 0 O, 195:i=0,020 0,240~0,025 
Ia 0,077-4-0,008 O, 100• O, 155-4- 0,022 0,215=t:0,029 

p >025 0,05 >0,05 >0,05 
Ib O, 130 =i=O,O 15 O, 165• 0,018 0,237::h0,025 0,296~0,030 

p <0,05 <0,05 >0,05 >0,05 
Ic O, 130=hO,O 13 O, 180=i=0,020 0,260=h0,020 0,310• 

p <0,05 <0,05 <0,05 <0,05 
Id 0,095• O,122=bO,O15 O,188::t=0,016 0,230t=0,025 

p >0,05 >0,05 >0,05 >0,05 
Ie 0,085_+0,010 O,105=i=O, O12 0,124-+-0,014 0,150=i=0,018 

p >0.05 >0,05 <0,05 <0,05 
I f  O, 125_+0,014 O. 145 4-0.016 0,220::h0,024 0,280• 

p <0,05 >0,05 >0,05 >0,05 
lg 0,120-+0.014 0,135~0,013 0,205=t:0,022 0,270• 

p <0,05 >0,05 >0,05 >0,05 
Ih. 0,080• 0,105• 0,120• l 0,140• 

p >0,05 >0,05 <0,05 <0,05 
I i .  O, 130-+-0,015 O, 199• 0,280dc0,025 0,395• 

p <0,05 <0,05 <0,05 <0,05 
I ! a  O.090=kO.OlO 0,115• 0,180~0,019 0,225=t:0.027 

p >0,05 >0,05 >0,05 >0,05 
IIb 0.080+0,009 0.125• 0,195=h0,020 0,235=k0,019 

p >0.05 >0.05 >0,05 >0,05 
I I  Ia 0.055• 0,086=t:0,009 O, 108=i=0,0 ! 0 O, 169• 0,015 

p <0.05 <0,05 <0,05 <0,05 
I I I b  0.075-+0.009 0.095• I O, 120::kO,OI 4 0.190--+0,021 

p >0.05 0,05 <0.05 <0.05 
I I I c  0.073• o. I 15• o. 167_-4-0,018 0.205-+ 0.022 

p >0.05 >0.05 >0,05 _ >0,05 

Note. p g ives  a comparison with a - t o c o p h e r o l  a t  the cor responding  t ime.  
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methylphenol derivative. The data shown in Table 1 indicate that the acetoxy derivatives 
Ila-h posses some antioxidant activity, not exceeding that of a-tocopheroi acetate (etalon). 

From the study of the influence of different donor-acceptor groups in the acetonyl frag- 
ments of the acetoxy derivatives Ia-h clearly show that the antioxidant activity noticeably 
increased by the use of a less voluminous (compund Ia) and more electronegative substituent 
(compounds Ie and Ih). 

The data indicate the significant influence of the acetonyl groups and some of their 
modifications of the molecular structure of I on the degree of antioxidant activity and, in 
part, on the acidity of the phenolic hydroxyl, fulfilling, as is known, a basic role in the 
inactivation of the POL process. This is confirmed also by the activity of compounds with 
the structures IIa and IIb where in the presence of the more electronegative unsaturated es- 
ter, the benzoyloxy groups increase antioxidant properties by comparison with Ia (Table i). 

At the same time the anisols IIIa and IIIb and the hydroxide IIIc show sufficiently high �9 
inhibitory activity in the lipid peroxidation process, exceeding that of a-tocopherol acetate. 
Structural features of these compounds, in which the OH group is ortho to the carbonyl or 
the pyrazol-containing substituent, apparently promotes their mutual steric/electronic in- 
fluence, leading to a strengthening of antioxidant activity. 

Thus, these studies indicate the prospects for a search for new highly effective antioxi- 
dants in the substituted trimethylphenol series. 

1 

2 

3 

4 

5 

6 

7 

8 

9 
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