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ANALGESIC AND ANTI-INFLAMMATORY ACTION OF CERTAIN ORGANOSILICON COMPOUNDS 

I. I. Lapkin, E. L. Pidemskii, UDC 615.212:547.473.251 
L. G. Mardanova, and V. V. Dvinskikh 

We hawe already shown the presence of anti-inflammatory and analgesic activity in cer- 
tain organosilicon compounds [1-3]. we found that compounds containing the silicon atom in 
the ring or a silicon atom joined to three lower alkyl radicals have the most marked anal- 
gesic action. In continuation of our study on the relationship between the chemical struc- 
ture and the anti-inflanmlatory and analgesic activity, we studied in this direction the or- 
ganosilicon derivatives of T-hydroxyvaleric acid and hydroxybenzyl alcohols, synthesized at 
the Department of Organic Chemistry of the Perm University. 

The ethyl esters of y-trialkylsiloxyvaleric acid were obtained by the reaction between 
equimo!ecular amounts of ethyl levulinate and trialkylsilane [4]. 

CH3COCH2CH2COOC2H s q- HSiRR2 N i, CHaCH (OS RR2)CH2CH2COOC2H s 

R := R' == C~H~; R = C2Hs; R' = C 4 H  a 

E t h y l d i b u t y l s i l y l  e s t e r  o f  l e v u l i n i c  a c i d  was s y n t h e s i z e d  b y  t h e  r e a c t i o n  b e t w e e n  e q u i -  
m o l e c u l a r  a m o u n t s  o f  l e v u l i n i c  a c i d  a n d  e t h y l d i b u t y l s i l a n e  

Ni 
CHaCOCH~CH~COOH 4- HSi (C2H~) (C,Hs) 2 ---+ CHaCOCH~CH2COOSi (C2H5) (C,Hg) ~ 

�9 _ l ~  2 

The t r i a l k y l s i l y l  e s t e r s  o f  y - t r i a l k y l s i l o x y v a l e r i c  a c i d  w e r e  o b t a i n e d  b y  t h e  r e a c t i o n  
o f  t r i a l k y l s i l y l  e s t e r  o f  l e v u l i n i c  a c i d  w i t h  e q u i m o l e c u l a r  amount  o f  t r i a l k y l s i l a n e  

CH3COCH2CH2COOSiRR, 2 q- HSiRR, 2 Ni  CHaC H (OSiRR,o)CH2CH:~COOSiRR, 2 
R := R' -- C=Hs; R = C~Hs; R' :=  C4H9 

H y d r o x y b e n z y l o x y t r i a l k y l s i l a n e s  w e r e  s y n t h e s i z e d  b y  t h e  r e a c t i o n  b e t w e e n  e q u i m o l e c u l a r  
a m o u n t s  o f  t r i a l k y l s i l a n e  and  h y d r o x y b e n z a l d e h y d e .  

G ~O CK2OSiRR' ~ 

R == R' = C~H~; R -- C2Hs, R ~: C4Hs; X = H, tert" C4H 9 

T r i a l k y l s i l o x y b e n z y l o x y t r i a l k y i s i l a n e s  w e r e  o b t a i n e d  b y  t h e  r e a c t i o n  o f  h y d r o x y b e n z a l d e -  
h y d e  w i t h  a 2 . 5 - f o l d  amount  o f  t r i a l k y l s i l a n e .  

Institute of Natural Sciences at the Perm University, Perm. 
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The physicochemical characteristics of the compounds synthesize&are listed in Table i. 

EXPERIMENTAL(CHemICAL) 

The IR spectra of the compounds were taken in the form of a thin film on an IKS-22 
spectrophotometer (USSR). 

The ethyl esters of x-trialkylsiloxyvaleric acid are obtained by the method already de- 
scribed in ~&]~ 

Ethyidibuty!silyl Ester of Levulinic Acid. A mixture of levulinic acid (0.i mole) dis- 
solved in 25 ml of THF and ethyldibutylsilane C0.1 mole) is heated at the boiling point of 
the reaction mixture for 6 h, with stirring, in the presence of colloidal nickel [5]. At the 
end of the reaction, the solvent is distilled off, and the product distilled in vacuo. 

Trialkylsilyl Esters of y-Trialkylsiloxyvaleric Acid. A mixture of trialkylsi!yl ester 
of levulinic acid (0.I mole) and tria!kylsilane (0.i mole) is heated for 4 h at II0~ in the 
presence of colloidal nickel. At the end of the reaction, the product is isolated and puri- 
fied ~n v a e u o .  

HydroxybenzyloxYtrialkylsilanes. A mixture of trialkylsilane (0.2 mole), hydroxybenzal- 
dehyde (0.2 mole) and colloidal nickel is heated in a round-bottomed flask fitted with a 
stirrer, reflux condenser and thermometer for 2.5-3 h, with gradual increase in tempera- 
ture. At the end of the reaction, the mixture is cooled and separated from the catalyst, and 
the reaction product is isolated by distillation in vacuo. 

Trialkylsiloxybenzyloxytrialkylsilanes. A mixture of trialkylsilane (0.25 mole), an 
aromatic hydroxy aldehyde (0.i mole) and colloidal nickel is heat&d in a round-bottomed flask, 
fitted with a reflux condenser, for 3-3.5 h at the boiling point of the reaction mixture. 
The reaction mixture is cooled, the catalyst separated, and the reaction product isolated and 
purified by distillation in vacuo. 

EXPERIMENTAL(PHARMACOLOGICAL) 

The biological activity of the oxygen-containing organosilicon compounds was studied in 
experiments on nonpedigree white mice of both sexes weighing 17-20 g each, and on the Vistar 
line rats, weighing 160-200 g, grown at the Stoibovaya nursery. 

We first determined the tentative toxicity in intraperitoneal administration to white 
mice. The degree of toxicity of the preparations was determined acco=ding to the classifica- 
tion of K. P. Sidorov [6]. 

The anti-inflammatory activity of the compounds was studied on a model of a formalin- 
induced inflammation. The value of the inflammatory reaction was determined oncometrically 
[7]. The analgesic action of the compounds studied was found by the "hot plate" method [8]. 
Amidopyrine was used as the standard of the anti-inflammatory and analgesic action. 

The compounds studied were administered intraperitoneally to the experimental animals 
in the form of a suspension in 2% starch mucilage in a dose equal to i/i0 and 1/5 LD=o. Equal 
volumes of starch mucilage were injected to the control animals. Amidopyrine was administered 
intraperitoneally in a dose of i00 mg/kg. The experimental results were processed statistic- 
ally and were considered reliable at P < 0.05 [9]. 

RESULTS AND DISCUSSION 

The experimental results of the study of the toxicity, anti-infiamatory activity~ and 
analgesic activity of the oxygen-containing organosilicon compounds are listed in Table 2, 
which shows that the LDso of the compounds tested exceeds 800-1000 mg/kg. Hence, the com- 
pounds belong to a class of slightly toxic and practically nontoxic materials [6]~ 

Of the compounds tested, those belonging to the group of the derivatives of hydroxyben- 
zyl alcohol (compounds I-IX) and y-hydroxyvaleric acid (compounds X-XIV, XVI) exhibited anti- 
inflammatory and analgesic activity. 

In the first group of compounds, the trialkylsilyl derivatives of salicylic alcohol (I, 
II) had an anti-inflammatory action, not inferior to that of amidopyrine. However, the sily- 
lation products of o-hydroxybenzyloxytrialkylsilanes, the o-trialkylsiloxybenzyloxytrialkyl- 
silanes (VI, VII), and the corresponding meta-derivatives (VIII, IX) had no anti-inflammatory 
activity. 
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TABLE 2. Analgesic and Anti-Inflammatory Activity of Organo- 
silicon Derivatives of y-Hydroxyvaleric Acid and Hydroxy- 
benzyl Alcohols 

IIncrement in volume of foot of 
Irat, % with respect to initial 

g Compound LDso, [vol nme.  
mg/kg ~fter [ lafter 

~ h  l P 16h P 

I 

II 

III 

IV 

V 

VI 

VII 

VIII 

IX 

X 

XI 

XlI 

XIII 

XIV 

XV 

XVI 

80 
> 800 

80 
> 800 
> 1000 

200 
> 1000 

200 
> 1000 

200 
> 800 

80 
> 1000 

200 
> 1000 

200 
> 800 

80 
>800 

80 
>800 

80 
>800 

80 
> 8O0 

80 
> 800 

160 
> 800 

160 
> 1000 

200 

4 0  

52,6 

75 

79,2 

84 

68,2 

72,2 

71,0 

64,6 

76,0 

92 

89,0 

46,2 

54,4 

45 

47,4 

I <0,001 

<0,001 

>0,5 

<0,5 

<0,1 

>0,5 

>o,5 

<0,5 

<0,05 

>0,5 

>0,5 

>0,5 

<0,00 

<0,00 

<0,0o 

<0,00 

48,5 

57,8 

85 

76,4 

105 

<0,001 

<0,001 

<0,5 

<0,02 

>0,5 

93,2 >0,5 

99,3 >0,5 

87,6 <0,25 

93,8 <0,5 

91,0 <0,1 

102 <0,05 

01,6 <0,01 

54,2 <0,001 

59,2 <0,001 

54 <0,001 

53,4 <0,001 

Time (M• 
of defence 
reflex in sec 
(at peak of P 
acuon) in 
mice 

16,35=2, 1 <0, 1 

14-t-3,0 <0,5 

14,75:1,0 <0,1 

16t2,4 <0, 1 

29,5_+5,5 <0,001 

15_+0,9 <0,05 

18,0--+0,3 <0,001 

t8,8_+0,4 <0,001 

26,8___1,9 <0,001 

17,5_+1,8 <0,02 

23,5___2,9 <0,001 

19,2_+0,8 <0,001 

14,8+--1,6 <0,02 

Control (starch 
mucilage 

Standard (amido- 
pyrine) 

74,0 

37,0 

97,5 

45,0 

12,1• 

36,4!4,3 

Note. P was calculated with reference to control. 

In the second group of compounds, trialkylsilyl esters of y-trialkylsiloxyvaleric acid 
(XIII, XIV) and the ethyl ester of y-phenyl-y-triethylsiloxybutyric acid (XVI) caused an 
inhibition of the inflammatory reaction. Esters of y-di- and trialkylsiloxyvaleric acid (X, 
XI, XII) did not have any anti-inflammatory activity. The analysis of the data obtained showed 
that the difference in the anti-inflammatory activity of the compounds studied, to a certain 
extent, was the result of the chemical structure. It was found that a change in the nature 
of the radicals of the ethyl esters of y-di- and trialkylsiloxyvaleric acid in the siloxy 
group ~X, XI, XII) does not lead to an appreciable change in the anti,inflammatory action. 
However, substitution of the ethyl radical in the ethyl ester of y-trialkylsiloxyvaleric 
acid (X, XII) by triethylsilyl or ethyldibutylsilyl group (XIII, XIV), and also of the methyl 
radical in the ethyl ester of y-triethylsiloxyvaleric acid (X) by phenyl (XVI) leads to pro- 
nounced anti-inflammatory activity. 

An intensification of the anti-inflammatory action was also noted in the presence of a 
hydroxyl group in She o-position of hydroxybenzyloxytrialkylsilanes. 

The organosilicon derivatives of y-hydroxyvaleric acid and hydroxybenzyl alcohols studied 
had a weakly marked analgesic action. In the series of the organosilicon derivatives of hy- 
droxybenzyl alcohols, the most distinct anesthetic action was that of m-triethylsiloxybenzyl- 
oxytriethylsilane~(VIII), and in the series of the organosilicon derivatives of y-hydroxy- 
valeric acid, that of the ethyl ester of y-ethyldibutylsiloxyvaleric acid (II) and ethyldi- 
butylsilyl ester of y-ethyldibutylsiloxyvaleric acid (XIV). 

The analysis of the analgesic action in the series of ethyl and trialkylsilyl esters of 
y-di- and trialkylsiloxyvaleric acid (X-XIV) showed that the ethyldibutylsiloxy group gives 
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a greater contribution to the analgesic action:than the diethylsiloxy- and triethylsiloxy 
groups (compare X with XII and XI, XIII with XIV). Substitution of the methyl radical in 
the ethyl ester of y-triethylsiloxyvaleric acid (X) by phenyl ~(XVI), and the ethyl group in 
the ethyl ester of levulinic acid (19.2 ~ 1o2) by the ethyldibutylsiloxy group (XV) did not 
change the analgesic action. Substitution of ethyl radicals in triethylsiloxy group by two 
butyl radicals led to an appreciable intensification of the analgesic activity (compare X 
with XII and XIII with XIV). The contribution of the ethyl group of the carboethoxysilyl 
radical to the analgesic action of the preparation is the same as that of the OSi(C2Hs)3- 
and OSi(C4Hg)2C2H5 groups. 

It is known that the importance of the anti-inflammatory agents increases with the pres- 
ence of anesthetic properties in them. To obtain preparations with both types of activity, 
active groups responsible for such an activity must be present. 

We took into account the above discovered regularities in the relationship between the 
chemical structure and the analgesic and anti-inflammatory action, and synthesized the ethyl- 
dibutylsilyl ester of T-ethyldibutylsiloxyvaleric acid, containing the two groupings respon- 
sible for the anesthetic and analgesic action. Table 2 shows that this compound has both 
anti-inflammatory and analgesic activity. 
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