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For the purpose of studying the b io logica l  properties of substituted te rpenylace t ic  acids and the relat ion of 
their properties of structure we synthesized some a lky lgeranylace t ic  acids of general  formula (CHa)2C = CHCH2CH~,C- 
(CHa)= CHCH~CH(R)COOH. The acids obtained have a bacter iosta t ic  action toward M, tuberculosis. It is known 
that the bacter ios ta t ic  act ion of disubstituted acet ic  acids depends on their structure [2]. One of us has shown ear l ier  
that, as compared with analogous compounds containing substituents of normal  structure, the presence of the geranyl 
group considerably intensifies the bacter ios ta t ic  effect [3], probably because of the high degree of branching of the 

molecule .  Study of the acids synthesized showed that the degree of branching of the substituents in the series of 
a lkyl-subst i tuted geranylace t ic  acids also has an appreciable  effect on the bacter iosta t tc  act ivi ty  [3]. Thus, the 
rep lacement  of the primary n-hexyl  group by the secondary 1-e thylbutyl  group leads to an increase in the bacter io-  
s tat ic  effect  by a factor of about 2.5 (the minimum concentrations of the sodium salt preventing the growth of M. 
tuberculosis were 45.4 ) / /mI  and 20.0 y / m l  respectively).  In bacter ios ta t ic  act ion the hydrogenated substituted 
geranylace t ic  acids differ l i t t le  from the corresponding unsaturated acids. Details of the b io logica l  study of sub- 
sti tuted geranylace t ic  acids wil l  be published separately.  

The acids were synthesized by the alkylat ion of malonic  ester, hydrolysis of the disubstituted malontc  esters, 
isolat ion of the corresponding malonic  acids, and their decarboxylat ion.  The alkyl  and the geranyl groups were 
introduced successively into malontc  ester, or previously synthesized geranylmalonic  ester was alkylated.  The 
a lkyla t ion  of unsubstituted malonic  ester was conducted in absolute ethyl or butyl a lcohol  in presence of the corre- 
sponding alkoxide.  To avoid the formation of heterogeneous products as a result of the transesterif ication of die thyl  
malonate ,  dibutyl  malona te  was used when the medium was butyl alcohol.  It is known from the l i terature that 
monocarboxyl ic  acids are often prepared from the corresponding disubstimted malonic  esters, which are hydrolyzed 
with dilute aqueous-alcohol ic  or a lcohol ic  solutions of potassium hydroxide [4-7]. Hydrolysis products are then 
formed which contain up to 65~ of monoesters of the corresponding malonic  acids. 

The use of excess of a hot concentrated solution of potassium hydroxide for the hydrolysis of disubstituted 
malonic  esters, by a slight modif ica t ion  of the method described by Adams and co-workers [8], gives quite satis- 
factory results, even in the hydrolysis of disubstituted malonic  esters containing branched higher atkyl  substituents. 
It is probable that under these conditions min ima l  amounts of monoesters are formed, for we were unable to isolate 
them either before decarboxylat ion or after decarboxylat ion in the form of monocarboxyl ic  esters. 

E X P E R I M E N T A L  

The alkyl  halides required were prepared by the react ion of the corresponding alcohols with dry hydrogen 
bromide in yields of 71-100% [9]. 

*For Communica t ion  2 see [1]. 
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Transesterification of Diethyl  Malonate [10].* 0.6 g of sodium hydroxide was dissolved with heating in 1 li ter 

of absolute butyl alcohol, 200 g of diethyl  malonate  was added, and the mixture was heated at the boil  for three 

hours. The ethanol formed was dist i l led off, the butyl a lcohol  solution was washed with water, butyl alcohol was 
dist i l led off, and the residue was vacuum-frac t ionated .  Dibutyl malonate ,  b, p. 102- t05  ~ (3 ram) and nD z~ 1.4280, 
was obtained in 80.5~ yield.  The l i terature [11] gives: b. p. 140 ~ (18 mm),nD 2~ 1.4264. If  before the addition of 
diethyl  malonate  water was dist i l led from the solution of sodium hydroxide in butyl alcohol in the form of its azeo-  
trope with butyl alcohol, the yield of dibutyl  malona te  is raised to 93-95%. 

Dibutyl Geranylmalonate .  One mole  of dibutyl malonate  was added to a solution of one mole  of sodium 
butoxide prepared from sodium hydroxide and butyl alcohol with azeot ropic  dis t i l la t ion of water, and then one mole  
of geranyl bromide was added dropwise. The mixture was heated at the boil  unti l  the medium ceased to be alkal ine.  
The precipi ta te  formed was dissolved by the addit ion of water, the butyl alcohol layer was separated, butyl  alcohol 
was dist i l led off under somewhat reduced pressure, and the residue was vacuum-frac t ionated .  Dibutyl geranyl-  
malonate ,  b. p. 168-171 ~ (1 mm), nD 2~ 1.4638; d42~ 0.9598; was obtained in 30~ yield.  Found: C 71.28; H 10.74%; 

MR101.31. CaHa604[ ~, Calcula ted:  C 71.55;Ht0.29~ MR101.55. 

Preparation of Alkylgeranylmalonic  Esters. Method A. One mole  of a lkylmalonic  ester was added dropwise 
to a boiling suspension of 1 g -a tom of sodium in 250-300 ml  of toluene or xylene.  The mixture was heated at the 

boil  for 0.5-1.0 h, and then one mole  of geranyl chloride or bromide was added to the boil ing solution at such a 
rate that the mixture boiled gently. After the addition of the geranyl halide, the mixture was heated at the boil  
until  no longer a lkal ine.  The precipi ta te  of salts was dissolved by the addition of water, the toluene or xylene layer 
was separated, solvent was driven off (water was removed simultaneously), and the residue was vacuum-frac t ionated .  
For purification the product was refractionated.  

Method B. From one g -a tom of sodium, one mole  of geranylmalonic  ester, and one mole  of the a lkyl  halide, 

by heating the mixture in toluene or xylene unti l  i t  was no longer alkaline,  we obtained the a lkylgeranylmalonic  
ester, which was purified by refractionation in a vacuum. The constants and yields of the a lkylgeranylmalonic  esters 

synthesized are given in Table 1. 

Preparation of Alkytgeranylacet ic  Acids. The a lkylgeranylmalonic  ester was hydrolyzed with a boil ing con- 
centrated solution of potassium hydroxide in the e thanol-water  azeotrope with vigorous stirring. To 100 g of the 
a lkylgeranylmalonic  ester we took 70 g of potassium hydroxide and 70-80 m l  of alcohol.  During the vigorous 
hydrolysis react ion the dipotassium a lkylgeranylmalonate  separated, To complete  the hydrolysis the reaction mix-  
ture was heated for 0.5-2.0 h, and then alcohol was driven off as far as possible. The dipotassium salt  was dissolved 
in water, and with stirring and cool ing,di lute  (1:1) hydrochloric acid was added to give an acid react ion (pH about 5), 

and the a lky lge rawlma lon ic  acid l iberated was extracted with xytene. To decarboxylate  the a lkylgeranylmalonic  
acid either the xylene extract  was refluxed for 1-1.5 h, or xylene was dist i l led slowly from the extract  at atmospheric 
pressure. After the removal  of xylene the a lkylgeranylace t ic  acid formed was purified by vacuum fractionation. 
The constants and yields of the al .kylgeranylacetic acids obtained are given in Table 2. 

Preparation of 2-Al l<yl-5 ,9-dimethyldecanoic  Acids. 0.03-0.05 mole  of the a lkylgeranylace t ic  acid was 
dissolved in 28-30 m l  of the e thanol-water  azeotrope and hydrogenated with hydrogen at  atmospheric pressure in 
presence of 0.3 g of finely ground 5~ Pt/C and a few drops of saturated pal ladium chloride solution with shaking 
in a hydrogenation flask. Hydrogenation was comple te  after a few hours. After the absorption of the theoret ica l  

amount of hydrogen, catalyst  was fi l tered off, alcohol was dist i l led off, and the residue was refract ionated in a 
vacuum. The hydrogenation product did not give qual i ta t ive reactions for a double bond. The constants and yields 

of the 2-a lkyl -5 ,  9 -d imethyldecanoic  acids obtained are given in Table 2, 

S U M M A R Y  

1. Twelve previously undescribed a lkylgeranylace t ic  acids containing alkyl  substituents with from 1 to 15 
carbon atoms and thirteen corresponding a lkylgeranylmalonic  esters were synthesized and character ized.  Three 
previously undescribed g -a lky l -5 ,9 -d ime thy ldecano ic  acids were also prepared and character ized.  

g. The previously undescribed dibutyl  geranylmalonate  and dibutyl  e thylgeranylmalonate  were synthesized 

and character ized.  
*In the preparation of dibutyl malonate  and dibutyl geranylmalonate  d ip loma-hold ing  student P. P. Rodionov of the 
Lomonosov Moscow Institute of Fine Chemica l  Technology took part. 
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3. Some data are given on the relat ion of the b io logica l  properties of disubstituted ace t ic  acids to their 
structures: the bacter ios ta t ic  act ion of a lky lgeranylace t ic  acids becomes more intense as the degree of branching 

of tile a lkyl  substituent increases. The bacter iosta t ic  action of a lky ld imethyldecanoic  acids is only slightly weaker 

than that of the corresponding unsaturated acids. 
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Al l  a b b r e v i a t i o n s  of  p e r i o d i c a l s  in the  a b o v e  b i b l i o g r a p h y  are  l e t t e r - b y - l e t t e r  t r a n s l i t e r a -  
t i o n s  of  the  a b b r e v i a t i o n s  a s  g i v e n  in the o r i g i n a l  R u s s i a n  j o u r n a l .  S o m e  o r  a l l  o f  t h i s  p e r i -  

o d i c a l  l i t e r a t u r e  m a y  w e l l  be  a v a i l a b l e  in E n g l i s h  t r a n s l a t i o n .  A c o m p l e t e  l i s t  of the  c o v e r - t o -  
c o v e r  E n g l i s h  t r a n s l a t i o n s  a p p e a r s  at  the  b a c k  of  t h i s  i s s u e .  
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