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SUMMARY 

In the conditions of an interphase catalysis in the presence of crown-ether reactions of oxidation of primary 

alcohols, saturated hydrocarbons (C4 – C10) and saturated chlorhydrocarbons are investigated and easy, effec-

tive and new method for obtaining saturated organic acids is offered. 

Use of crown-ether in the offered method allows to carry out process at low temperature and mild condi-

tions, at the same time the same portions of crown-ether can be used many times without special cleaning and 

easily regenerated. The new simple technique is developed for cleaning and separation of crown-ether from reac-

tion mixture after carrying out oxidation reaction. The reaction of oxidation of primary alcohols, saturated hy-

drocarbons (C4–C10) and saturated chlorhydrocarbons was carried out in two-phase heterogeneous system with-

in 20-50 min. Quantity ratio of initial product: KMnO4: DB18K6A, was 0.1: 0.3-0.4: 0.003-0.004. The process is 

smoothly carried out at 1050C -1600C temperature interval (against 4500C -5000C in usual conditions in the lack 

of the interphase catalyst) without formation of chlorine containing waste and also poisonous products. 

The listed data provide the maximum yield of a target product.  

 

The interphase catalysis is one of the most inter-

esting, perspective and developing fields of synthetic 

organic chemistry. 

Discovery of a new method of an interphase ca-

talysis for rather short time was generally recognized 

and also the widest application in all fields of organic 

chemistry as one of the universal methods of synthe-

sis. IFC was taken advantage at once and took an im-

portant place in organic synthesis, having forced out 

many old ways. It rendered powerful impact on devel-

opment of new, convenient technological ways in in-

dustrial scale [1-6]. 

The known ways of receiving saturated carbonic 

acids are based on process of oxidation of saturated 

hydrocarbons (C4 – C10) in steam phases at a temper-

ature of 450-5000C and 150-200 atm. pressure and 

oxidation of aliphatic alcohols with aqueous KMnO4 

solution, and also oxidation of saturated halogenalkans 

[7-9]. However these ways have a number of short-

comings, of which the following is essential: 1) high 

temperature up to 5000C, 2) an isomerization and an 

molding of the reaction product under the high tem-

perature, 3) use of rather big excess (more than 100%) 

of potassium permanganate, 4) obtaining of thousands 

tone of chlorine-containing waste, and also poisonous 

http://www.mendeley.com/research-papers/medicine/pharmacology/n/
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CO, CO2, Cl2 and HCl vapours which are thrown out 

the environment and pollute the atmosphere, 5) a low 

yield of a target product, 6) owing to the listed reasons 

hopelessness of industrial realization is revealed. 

The listed disadvantages required development of 

a number of new ecologically efficient methods. With 

this purpose we carried out reactions of oxidation of 

saturated hydrocarbons (C4 – C10), alcohols and also 

the saturated halogenalkans in the conditions of an 

interphase catalysis (IFC) with application of crown-

ethers. 

 Establishment of the main regularities of a reac-

tion of oxidation of primary alcohols, saturated hydro-

carbons (C4 – C10) and saturated halogenalkans in the 

conditions of an interphase catalysis, establishment of 

a role of the major factors defining the reaction pro-

ceeding in liquid – solid phase system and develop-

ment of a new, convenient, environmentally pure way 

of obtaining of saturated organic acids in mild condi-

tions with high yields are the goals of the given re-

search . 

The reaction of oxidation of initial products was 

carried out in two-phase heterogeneous system con-

sisting of solid salt of KMnO4, an initial product in the 

presence of the interphase catalyst in organic solvents.  

 N-pentanol was chosen as model connection. 

CH3CH2CH2CH2CH2OH + [DB18K6K]+MnO4
-

CH3CH2CH2CH2COOH 

 The proceeding of oxidation reaction of primary 

alcohols at a catalysis by crown-ethers is characterized 

by existence in system of macrocyclic ether which 

plays the role of transformer of permanganate ion 

(MnO4
-) from a solid phase to organic solvent. Es-

sence of a catalysis is that DB18K6 transfers perman-

ganate ion to an organic phase by a complex formation 

and thereby, promotes its dissolution. 

DB18K6 + KMnO4  [DB18K6K]+ MnO4
- 

 In this phase the complex, dissociating, repre-

sents extremely active permanganate ion which reacts 

with primary alcohols and oxidizes it to saturated or-

ganic acids 

 Reaction rate in the applied system depends on a 

number of factors. The nature of a solvent, crown-

ethers, concentration of KMnO4 and crown-ethers, and 

also availability of water in the system are the most 

essential. As the interphase catalysts (IC): crown-

ethers -dibenzo-18- crown-6 (DB18K6), 18- crown-6 

(18K6), pentamethyl-15- crown-5 (PM15K5), tetra-

methyl-12- crown-4 (TM12K4), and also widely ap-

plied quarternary ammonium salt – triethylben-

zylammoniumchlorine (TEBA) were used. Besides for 

comparison reactions were also carried out without 

interphase catalyst. 

 As solvent toluene, xylol, 1,4 dioxane, diglym, 

n-butanol, ethylene glycol were used. The reaction 

was also carried out without solvent. Reaction temper-

atures were 1050C, 1300C, 1700C.  

Studying of the influence of the solvent nature on 

an yield of pentane acid showed that the maximum 

yield of pentane acid is observed in the lack of sol-

vents due to the best solubility of DB18K6 and its 

complex with KMnO4 in hydrocarbons and in the case 

getting of high concentration of reagents and the cata-

lyst. 

When carrying out reaction in various solvents in 

the systems liquid - solid phase it was established that 

aprotone cation solvating solvents are preferable hy-

drocarbonic solvents then– first of all aromatic ones.  

 The greatest yield of pentane acid is reached in a 

diglym (98%). 

Yield of pentane acid depending on the applied 

solvent decreases in the following order:  

without solvent> diglym> dioxane> ethylene gly-

col> xylol 

Influence of the nature crown-ethers on an yield 

of pentane acid is studied too. 

 It is established that the used crown-ethers on ac-

tivity are placed as follow: 

DB18K618K6> PM15K5> TM12K4 

 The maximum yield of pentane acid is observed 

in application of DB18K6 and 18K6 due to the best 

complexforming ability of those crown-ethers with 

KMnO4. 

Gradual decrease of cavity sizes of crown-ether 

upon passing from 18K6 to PM15K5 and to TM12K4 

leads further to reducte of pentane acid yield. Without 

crown-ether formation of pentane acid is not observed. 

An yield of pentane acid is also influenced by change 

of DB 18K6 and KMnO4 concentration. 

Increase in concentration of KMnO4 from 0,1 to 

0,5 mol increases an yield of a target product. Howev-

er, increase in concentration of KMnO4 more than 0,5 

mol causes collateral processes. 

 Similar to increase in quantity of DB18K6 from 

0,001 to 0,005 mol leads to gradual increase of an 

yield of pentane acid. The maximum yield is reached 

at application of 0,004 mol of DB18K6 concentration. 

On the basis of the analysis of all experimental 

data it was succeeded to develop rather easy techno-

logical way of obtaining saturated carbonic acids with 

high yield. For experimental application DB18K6 or 

18K6 KMnO4 -systems in aromatic hydrocarbons or in 

simple ethers were offered. 

 In rather pure look and developments of the way 

accepted for receiving a wide number of carbonic ac-

ids it is required to apply several modified options of 

implementation of oxidation to an exception of collat-

eral reactions, a possibility of allocation of a target 

product. On one of them, an initial product, crown-

ether and KMnO4 in solvent or without solvent are 

mixed at 1050C-1700C before full transformation of 

initial compound, and then reaction mixture is sub-

jected to processing to full transformation of initial 

compound (option A). The option A is convenient for 

obtaining of easily boiling (to 1750C) saturated car-

bonic acids. 

 Option A. Place 0.3-0.4 mole KMnO4 powder 

into the reaction vessel supplied with an effective 

mixer, distillation cup, the descending refrigerator and 

a drop funnel, add KMnO4 powder into the high-

boiling solvent, 0.003-0.004 mole crown-ether, turn 

on a mixer and heat reaction mixture. Temperature is 

to be and more than 200C higher than the boiling 

product. At achievement of this temperature from a 

drop funnel slowly alcohols or halogenalkans are add-
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ed. The product distillation begins soon. After adding 

of all initial product, heating and a mixing of reaction 

mixture continue till a product distillation stop. 

 Processing. The product is dried over carbonic 

potassium and subjected to repeated distillation. In a 

reactionary vessel there is a solution of the taken 

crown-ether in some polluted solvent at the bottom of 

which there is a dropped-out MnO2 deposit. Solution 

of a crown-ether in a hot form is separated by decanta-

tion. This solution is suitable for carrying out repeated 

analogical experiences, without use of additional 

quantity of crown-ether and solvent and at the same 

time the catalytic effect of crown-ether does not wors-

en at all. Thus, in the offered way the expense of the 

most expensive component of reaction- crown-ether 

does not occur and even solvent is not lost. 

 Advantage of this way known in comparison 

with known ones consists in the following: 

1) There are no collateral processes - isomeriza-

tion and molding;  

2) The way is simple in implementation and 

there is an opportunity for continuous conducting pro-

cess; 

3) Crown-ethers and solvents are not spent, and 

the same quantity is used. Only periodic regeneration 

is required that is easily feasible; 

4) There is no processing stage of reaction mix-

ture with the purpose of separation of a product. 

 It is undoubted that all these makes the method 

simplier and profitable. 

 Option B. Place KMnO4 powder into a reaction 

vessel, add crown-ether, an initial product (the ratio of 

reagents and crown-ether is the same, as in option A), 

add easily boiling solvent and reaction mixture at vig-

orous mixing and boil with the descending refrigera-

tor. Reaction time depending on reaction ability of 

initial compound, concentration of crown-ether and 

KMnO4, and also from the temperature, varies from 

20 min. to 60 min. It is possible to watch the proceed-

ing of reaction by gas liquid – chromatografio method 

and the tests which are selected on time from reaction 

mixture. 

 Processing. At the end of process reaction mix-

ture in the hot form is separated from the dropped-out 

deposit and cooled, filtering via the paper or glass 

filter with crown-ether isolation, and further a filtrate 

distillation. 

 The solvents and crown-ether after such experi-

ments are also suitable for the subsequent similar ex-

periences after drying, but without additional special 

cleaning. 

Option A in comparison with option B has un-

doubted advantage that because of the low tempera-

ture of carrying out reaction, passing of collateral pro-

cesses of an molding, isomerization, etc. is completely 

excluded. The top limit of temperature in this case 

makes 140°. 

 

 Regereneration of crown-ether and solvents 

 

 In case of need the solvents are regenerated by 

simple distillation, and crown ether- by transmission 

of their solutions through a column with silicagel and 

with the subsequent concentration of solution. Crown-

ether which dropped out of such solutions separates by 

filtering as it is described above. Instead of a column 

with silicagel it is also possible to use a column with 

an oxide of aluminum or the way, offered in work 

[10]. 

 Reaction rate in the offered system can be 

changed in the wide range, varying:  

 a) the quantity of crown ethers- the more quanti-

ty of crown ether with other things being equal, the 

higher reaction rate, 

b) the quantity of KMnO4 - the bigger surplus of 

KMnO4, the higher reaction rate. But from bigger sur-

plus of KMnO4 molding danger occurs, 

c) experiment temperature, 

d) moisture content in KMnO4 or solvents – the 

higher moisture content in system, the rate of reaction 

is lower and because of KMnO4 moisture from strong 

aggregate state passes into liquid, then reaction rate 

sharply falls. Therefore an indispensable condition of 

successful carrying out of reaction is existence of 

KMnO4 in a solid state. 

 When developing the method as reagent of phase 

transfer two crown-ethers are used-dibenzo-18- crown 

-6 (DBK18K6) both 18- crown -6 (18K6) and one 

widespread reagent of phase transfer- quarternary 

amine-triethilbenzilammoniumchloride (TEBA). 

 As the high-boiling solvents depending on tem-

perature of boiling of the obtained acids diethyl ben-

zene (ESD), cumene (QOM) and other aromatic or 

alkylaromatic hydrocarbons and simple ether can be 

used. 

 As the low-boiling solvents benzene, toluene, 

mixture of isomerous xylols, dioxane, etc. can be 

used. 

The received optimum results are reflected in ta-

ble1.  
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 Table1. Oxidation of halogenalkans and limit alcohols (0.1 mole initial product, 0.3 mole KMnO4, 0.003 mole 

of crown-ether, 10 ml solvent) 

Number  
 rеаction 

Initial 
 product 

Option 
reactions 

Reaction conditions Reaction product % yield 

1. Butanol-1 A DB18K6, 1050C, 50 min. Butane acid 98 

2. Pentanol-1 A DB18K6, 1350C, 50 min., xylol Pentane acid 95 

3. Hexanol-1 B DB18K6, 1600C, 30 min. tetragly Hexane acid 96 

4. Heptanol-1 B DB18K6, 1600C, 40 min. Heptanoic acid 96 

5. Octanol-1 B DB18K6, 1700C, 20 min. Octane acid 95 

6. Chlorpentane-1 A 18K6, 1400C, 30 min., xylol Chlorpentane acid 92 

7. Brompentane-1 A 18K6, 1400C, 30 min., diglyme Brompentane acid 93 

8. Chlorhexane-1 A 18K6, 1400C, 30 min., diglyme Chlorhexane acid 95 

9. Bromhexane-1 A 18K6, 1010C, 30 min., dioxane Bromhexane acid 96 

10. Chlorgheptan-1 B DB18K6, 1400C, 40 min., diglyme Chlorheptanoic acid 93 

11. Bromheptan-1 B DB18K6, 1400C, 40 min., diglyme Bromheptane acid 96 

 
For the option A temperature of reaction mixture 

is specified, for option B- temperature of oil bath. 
From the table1 it is seen that not only alcohols 

are successfully turned to carbonic acids but also 
halogencontaining saturated alkanes. And successful 
transformation occurs not only with use of bromides, 
but also less reactive chlorine-containing saturated 
alkanes. 

EXPERIMENTAL PART 
 Purity and identity of products were determined 

by method of a gas-liquid chromatography, and also 
as a result of definition of physical constants. Anal-
yses were carried out on the LHM-8MD device (mod-
el 3A) with the flame and ionization detector. The 
column of 1.5 m long with 3 mm internal diameter 
was filled with chromatom N-AW-DMCS fraction by 
0.20-0.25 mm with the silicone SKTFT-50 rubber (5% 
of the mass of the carrier) applied on it.  

Obtaining of pentane acid (option A with solvent, 
see reaction table 2). 8.8 g (0.1 mole) pentanol-1, 1.2 
g (0.003 mole) DB18K6 was placed into reaction, 
flask 10 ml of xylol was added and when mixing in 
one step 47.4 g (0.3 mole) KMnO4 was added. Reac-
tion mixture while mixing was boiled 50 min. Upon 
the end of reaction the organic phase in hot form was 
separated from the dropped-out sediment by decanta-
tion. The remain was extracted by 5 ml of hot xylol. 
When cooling from the integrated organic phase 
DB18K6 was recrystallized and separated by filtering 
via the glass filter. The filtrate was subjected to distil-
lation under the reduced pressure. 

Yield 9.7 g (95%); t.boil. 60 0C /5 mm; n D20 
1.3955.  

Literary data [11]: t.boil. 187 0C, n D20 1.3952.  
Obtaining of chlorpentane acid (option A without 

solvent, see table1 reaction 6). 10.6 g (0.1 mol) to 
chlorpentane-1, 1.2 g (0.0042 mol) 18K6, were placed 
into reaction flask when mixing in one step 47.4 g (0.3 
mol) of KMnO4 is brought. Reaction mixture was 
heated on an oil bath to 150 0C within 30-40 min. For 
this period KMnO4 is released from MnO2 particles, 
the reaction mixture was periodically mixed by me-
chanical mixer. Upon the end reaction mixture was 
extracted 5 ml of hot toluene, and the integrated ex-
tracts were subjected to distillation. In this case used 
crown-ether remains in the form of oil at the bottom of 
a distillation flask. 

 Yield 12,6 g (92%), t.boil. 107,8 0C, nD20 = 
1,4127, d = 0,8818.  

Literary data [12]: t.boil. 107,8 0C, nD20 = 1,4127, 
d = 0,8818. 

Obtaining of hexane acid (option B with solvent, 
see table1, reaction 3). 10.2 g (0.1 mole) hexanol-1 
and 1.2 g (0.003 mole) DB18K6 were placed into re-
action flask with descending refrigerator, mixing in 
one step 31.6 g (0.2 mole) of KMnO4 and 10 ml of a 
tetraglyme. At constant mixing the temperature of an 
oil bath was slowly increased to 160 0C and hexane 
acid was obtained. 

At the decrease of distillation rate bath tempera-
ture was slowly raised to 165 0C, and at the end of 
reaction for a short time – to 170 0C. The product ob-
tained, except water, did not contain any impurity. 

Yield 11.1 g (96%), t.boil. 720C/of 5 mm, nD20 = 
1,4147.  

Literary data [11]: t.boil. 2050C, nD20 = 1,4150. 
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