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search For neW Biologically 
active coMPounds Based on 
6-Methyluracil-5-sulFochloride 
and alcohols

Проведено дослідження реакції взаємодії аліфатичних і ароматичних спиртів з 6-метилура-
цил-5-сульфохлоридів (МУСХ). Показано, що зручніше за все проводити взаємодію 6-метилура-
цил-5-сульфохлоріда з попередньо приготованим алкоголятом в надлишку вихідного спирту. 
Попередні дослідження (використання програми РААS) показали, що серед отриманих сполук 
є такі, що проявляють антиоксидантні властивості і можуть бути використані в якості цито-
статиків.

ключові слова: біологічно активні сполуки, синтез алкілсульфонатів на основі 6-метилура-
цил-5-сульфохлориду та алкоголятів, реакційна здатність.
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1. introduction

Heterocyclic compounds are one of the most extensive 
and important in practice, classes of organic compounds. 
Methyluracil is one of the representatives of heterocyclic 
compounds, which recently find increasing use in organic 
synthesis, especially in the chemistry of pharmaceuticals, 
biologically active compounds. Esters of alkane and benzene-
sulfonic acids have acaricidal action. In agriculture, arylic 
esters of the simplest arylsulfonic acids are used to protect 
plants against ticks, which are active not only in larval 
stages, but also in mite eggs. The most active are 2-chloro- 
and 4-bromophenyl esters of 4-chlorobenzenesulfonic acid.

Aryl esters of arylsulfonic acids are obtained in good 
yield by the reaction of acid chloride of the corresponding 
sulfonic acids with alkali metal phenolates:

АrSО2Сl+Аr1ОNа → АrSО2ОАr1+NаСl.

The reaction is carried out at a low temperature in 
an aqueous medium under good agitation conditions. The 
isolation of reaction products is not difficult, since esters 
of sulfonic acids are insoluble in water.

These compounds are widely distributed in nature, 
where they play a huge role in such key processes as the 
transmission of hereditary traits, respiration, photosynthesis, 
and the work of the enzymatic apparatus. It is not sur-
prising that intensive studies of heterocycles are conducted 
in all industrialized countries. In chemistry, especially for 
synthetic chemists who know how to plan and carry out 
syntheses of complex heterocycles, the study of heterocyclic 
compounds is the most relevant direction. For this reason, 
research in the chemistry of heterocyclic compounds has 
both scientific-theoretical and practical significance.

2.  the object of research  
and its technological audit

The object of research is methyluracil sulfochloride and 
the synthesis of alkyl and aryl sulfonates on its basis. 

Synthesis of these compounds for a long time represented 
a limited opportunity because of the difficult availability of 
the original methyluracil sulfochloride. The authors of [1, 2]  
attempted to synthesize uracil sulfochloride and methyluracil 
sulfochloride. However, the yield of these products did not 
exceed 24–29 % of the loaded. In addition, the synthesis 
of the starting 5-methyluracil was also ineffective. For its 
synthesis, the reaction of the reaction of acetoacetic ether 
and urea in an alcohol solution was used. The reaction 
mixture was kept for about a week at room temperature. 
The yield of the desired product did not exceed 40 %:
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At present, methyluracil is an easily available pro-
duct. It is obtained on an industrial scale with a high 
yield (over 90 %) by the interaction of diketene with 
urea according to the scheme:
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One of the most problematic places was the stage of 
sulfochloride formation. Only at the beginning of this 
century it was shown that if the reaction of methyluracil 
with chlorosulfonic acid is carried out in the presence of 
thionyl chloride, the yield of the desired product increases 
several times [3, 4]. In work [5] it was suggested that 
n-butyl ether MUSC can be used as a cytostatic, which 
shows the prospect of research in this direction.

3. the aim and objectives of research

The aim of research is studying the possibility of syn-
thesizing new alkyl sulfonates by the interaction of MUSC 
with alcoholates of the corresponding alcohols. To achieve 
this aim it is necessary to accomplish the following tasks:

1. To work out the conditions for the synthesis of 
6-methyluracio-5-sulfochloride with a higher yield.

2. To determine the elemental composition of the iso-
lated compounds to confirm the structure of the obtained 
compounds.

4.  research of existing solutions  
of the problem

The introduction of the sulfochloride group – SO2Cl 
into the molecule of the organic compound is widely used 
both for the preparation of R–SO2Cl sulfochlorides and for 
the production of sulfonic acids followed by the hydrolysis 
of sulfochlorides. The latter method is one of the main 
ones in the preparation of alkane sulfonic acids, since 
alkane sulfonic acids are mainly obtained by photolytic 
sulfochlorination of alkanes with a mixture of SO2 and 
Cl2 when irradiated with ultraviolet rays.

Sulfochlorides are important intermediates in the synthe-
sis of sulfanilamide preparations. Compounds of this type 
are widely used for the preparation of amides, anilides, 
esters of sulfonic acids, herbicides, fungicides and other 
compounds. Among the various sulfonic acids and their 
derivatives, compounds with high pesticidal activity are 
found [6]. Fungicidal properties are found in many aromatic 
sulfonates [7, 8]. But practical application is not found, 
which is connected with their high phytocidal activity.

Herbicidal properties are possessed by salts of va rious 
sulfonic acids [8], many esters of sulfonic aliphatic, aro-
matic, alicyclic and heterocyclic series [7–11]. It is pos-
sible that among the methyluracil sulfonic esters there 
are compounds with similar properties.

Esters of sulfonic acids are usually obtained by reacting 
an alcohol, sulfochloride and a base (pyridine, triethylamine, 
dimethylaniline, anhydrous sodium acetate):

.Ar -SO2-Cl + R-OH Ar-SO2-O-R +HCl
base

Ethers of methyluracil sulfochloride and alcohols and 
phenols are obtained in good yield by the reaction of an 
acid chloride with alcoholates or phenolates of alkali metals:

This reaction is often carried out at room temperature or 
at a lower temperature to reduce the side reactions in which 
alkenes, ethers and alkyl halides are formed. It is found 
that in the case of 6-methyluracil-5-sulfochloride (MUSC) 
the same patterns are observed as in the alcoholysis of 
arylsulfochlorides. The interaction of MUSC with higher 
primary alcohols passes much faster and with higher yields 
compared with secondary alcohols and even more so with 
tertiary alcohols.

When studying the reaction of MUSC with alcohols, 
which are even weaker acids than water and in mixtures 
of alcohols, it is established that alcoholysis is carried out 
similarly to the hydrolysis of sulfochlorides and proceeds 
via the SN2 mechanism [12–15]. However, the reaction 
rate in the first case is much smaller. The influence of 
the nature of alcohol on the alcoholic kinetics of MUSC 
shows that with increasing the length of the aliphatic 
radical, the acidity of the alcohol decreases and the rate 
constants for the formation of sulfoesters decrease. In 
this case, the alcoholysis reaction can proceed through 
the stage of formation of the intermediate complex of 
the structure:
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The repulsion and attraction of electrons within mo-
lecules is most expedient to consider with respect to some 
standard, which is usually chosen as hydrogen [16]. On the 
basis of the analysis, the induction effect of hydrogen in 
this paper is considered to be zero and chosen as a basis 
for comparison with other atoms and groups of atoms.

5. Methods of research

According to Ingold, the inductive effect is consi dered 
negative (–I-effect) if X in CH3–X is more electronegative 
than carbon and positive (+I-effect) if carbon is more 
electronegative than X. With the extension of the carbon 
chain and its branching, the force the induction effect 
increases, which, in turn, leads to a decrease in the dis-
sociation constant of alcohols as acids in their homologous 
series [17].

The alcohols are able to react with the sulfonic acid 
chlorides in the presence of a base to form the correspon-
ding esters. Alcohols are able to exhibit both acidic and 
basic properties. As weak acids, alcohols dissociate over 

the O–H bond to form an alkoxide ion, 
thus forming a conjugated acid:
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Acidic properties of alcohols are evaluated by the aci-
dity constant Kа:

R-OH+HOH → R-O–+H3O+,

[R-O-] [H3O
+]

[R-OH]Ka = ,

pKa = –lgKa.

In an aqueous solution, the acidity of the alcohols 
decreases with increasing molecular weight (extension of 
the carbon chain) and oxygen branching. As weak acids, 
alcohols react with alkali, alkaline earth and some other 
metals, and with strong bases, for example, hydrides or 
metal amides, Grignard reagents.

Alcohols can behave the same way as weak Lewis ba-
ses, forming alkoxonium salts with strong mineral acids. 
Moreover, they can also form donor-acceptor complexes 
with Lewis acids. Typically, such reactions do not stop 
at this stage and lead to the nucleophilic substitution of 
the hydroxyl group or the elimination of water. Quantita-
tively, the basicity of the alcohols is estimated from the 
basicity constant рKb or the associated acidity constant 
of the conjugated acid pKaH

+ [18].
Alcohols are weak bases, and their basicity increases 

with the length or branching of the hydrocarbon radical 
at the hydroxyl group. This effect is observed due to the 
growth of the positive inductive effect of the radical in 
this row, due to which the negative charge on the oxygen 
atom of the hydroxyl group increases. The hydroxyl group 
is also converted to a sulfate group, which is a good leaving 
group. For these purposes, the alcohol is first converted 
to a sulfonate, which is then subjected to a nucleophilic 
substitution reaction. As reagents for the modification of 
the hydroxyl group, methane sulfochloride or p-toluene 
sulfochloride is usually used:
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The action of aliphatic alcohols on aromatic and hetero-
cyclic sulfochlorides readily yields esters of sulfonic acids. 
Primary alcohols react faster than secondary and much faster 
than tertiary alcohols, which are weaker acids. A selective 
formation of the primary ester of the sulfonic acid in the 
presence of secondary and tertiary alcohol groups is pos-
sible. Of greatest practical importance is the preparation 
of alkyl tosylates (R−O−SO2C6H4CH3), alkyl mesilates 
(R−O−SO2CH3) and alkyl trifluorates (R−O−SO2CF3).

The rate of interaction of sulfochlorides with alcohols 
is significantly influenced by the presence of bases. In the 
role of the base, pyridine is most often used, which simul-
taneously acts as a nucleophilic catalyst. Instead of pyri-
dine, aliphatic tertiary amines, for example triethylamine, 
triethanolamine or pyridine, are often used for this purpose.

The sulfonates are excellent leaving groups and are 
easily replaced by a halogen atom by the SN2 mechanism, 
with the following reversal of the configuration:
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The source of the halide ion is usually the correspon ding 
inorganic salt (NaBr, LiCl, CsF, KF, etc.). Dipolar aprotic 
solvents are used as the solvent: dimethylsulfoxide (DMSO), 
dimethylformamide (DMFA), acetonitrile. Substitution oc-
curs, as a rule, with reversal of the configuration.

When studying the reaction of MUSC with alcohols, 
which are weaker bases than water and in a mixture of 
alcohols, it is established that alcoholysis is carried out, 
similarly to hydrolysis by the SN2 mechanism, but the reac-
tion rate in the former case is much less. The influen ce of 
the nature of alcohol on the alcoholic kinetics of MUSC 
shows that with an increase in the length of the aliphatic 
radical and an increase in the acidity of the alcohols, the 
rate constants of the acylation decrease.

Methanolysis is slower than hydrolysis, but 3–5 times 
faster than ethanolysis. The observed differences are due 
to a change in the enthalpy and entropy.

The method of aliphatic radical substitution of hydroxyl 
for a highly reactive group is a powerful preparative method 
in synthetic organic chemistry. This makes it possible to 
obtain from alcohols in two stages, in addition to halides, 
the most diverse compounds. For example, it can be ethers, 
carboxylic acid esters, acid amides and sulfamides, and the like.

6. research results

Methyluracil sulfochloride, previously purified by re-
crystallization from glacial acetic acid, is used for syn-
thesis. The individuality of the product was determined 
by melting temperature and chromatography on plates 
of Silufol-254 (Chech Republic). Alcohols are previously 
making absolute by heating the original alcohol with pre-
calcined quicklime or dehydrated copper sulfate.

In a three-necked flask with a mechanical stirrer and 
a reflux condenser, 0.055 g/sodium or potassium atom is 
dissolved in 100 ml of absolute alcohol (С1–С10) with vigo-
rous stirring and cooling. After the evolution of hydro gen 
evolution ceased, 0.05 moles of methyluracil sulfochloride 
are added in small portions to the solution of the obtained 
alcoholate in stirring.

At the end of the exposure, excess alcohol is distilled 
off, the residue after removal of the alcohol is treated 
with hot water and filtered. After recrystallization, chro-
matographically pure alkyl sulfonates are isolated from 
a suitable solvent.

The obtained experimental data are presented in the 
Table 1.
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Based on the data from Table 1, it is possible to say 
that the elemental composition of the obtained compounds 
is practically the same as the calculated content of these 
elements in the given compounds. This is one of the con-
firmations of the chemical structure of these structures.

7. sWot analysis of research results

Strengths. Most of the given compounds obtained by 
the interaction of methyluracil sulfochloride with alcoho-
lates are not described in the literature. The use of these 
compounds as a reactant promotes a faster reaction of 
the nucleophilic substitution of the chlorine atom in the 
sulfochloride for the alkoxy group. The rapid progress of 
the exchange reaction between SO2Cl and the alcoholate 
significantly shortens the reaction time, and the forma-
tion of a pure product removes the investigator from the 
complex methods of purifying the reaction product.

Weaknesses. The weak side of the process is the fact 
that for the formation of alcoholate it is necessary to use 
absolute, that is, without moisture, alcohol. Many alcohols 
with water form azeotropic mixtures that can’t be dispersed 
even with the use of powerful distillation columns, so for 
calculating alcohol use calcined quicklime or anhydrous 
copper sulfate. This entails a waste of expenditure.

Opportunities. Preliminary screening for most of the 
compounds studied shows their high biological activity, 
so it is possible that among the synthesized compounds 
there are those that will find practical application in 
the future.

Threats. Methyluracil is used in medicine as an energy 
stimulant, and is also a part of nucleic acids, therefore 
it does not pose a threat to the objects of research. 
Analogues devoted to the synthesis of the interaction 
products of MUSC and alcohols have not been found 
in the literature.

8. conclusions

1. In the course of the studies, the principle of sulfo-
chlorination of methyluracil is changed. In order to increase 
the yield and improve the quality of the final product, the 
reaction of methyluracil with freshly distilled chlorosulfonic 
acid is carried out in an inert solvent such as dichloro-
ethane, followed by the addition of thionyl chloride.

To improve the quality of synthesized compounds and 
simplify the synthesis, the used methyluracil is reacted 
with metallic sodium or potassium to form an alcoholate. 
Further, the obtained alcoholate reacts with the calculated 
amount of the sulfochloride, forming an almost chemically 
pure final product:
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2. The preliminary biological activity of synthesized 
compounds and the possibility of using the obtained com-
pounds as cytostatics are determined using the PAAS pro-
gram. NMR spectroscopy and elemental analysis confirm  
the composition and structure of the obtained compounds, 
the data of which are given in Table 1.

table 1

The physicochemical properties of the 5-alkylsulfonates 6-methyluracils of general formula 

N
H

NH

CH3O

O

SO2-O-R

No. –О–R Yield, % Тm , °С
Found, % Brutto  

formula

Calculated, %

С Н N S С Н N S

01 –СН3 95.4 215–216.5 32.63 3.61 12.27 14.56 С6Н8N2О5S 32.73 3.66 12.72 14.56

02 –С2Н5 92.8 299–299.4 36.04 4.28 11.88 13.76 С7Н10N2О5S 35.89 4.30 11.96 13.69

03 –С3Н7-n 89.8 192–194 38.58 4.89 11.22 13.08 С8Н12N2О5S 38.70 4.87 11.28 12.91

04 –С3Н7-i 74.5 275 13.61 4.82 11.17 13.11 С8Н12N2О5S 38.70 4.87 11.28 12.91

05 –СН2СН2ОСН3 86.1 310 36.31 4.62 1173 12.21 С8Н12N2О6S 36.36 4.57 11.60 12.13

06 –С4Н9-n 88.7 196–196.5 41.11 5.43 10.78 12.33 С9Н14N2О5S 41.19 5.38 10.68 12.23

07 –С4Н9-s 72.1 283 41.26 5.31 10.54 12.29 С9Н14N2О5S 41.19 5.38 10.68 12.23

08 –С4Н9-i 78.2 261–261.5 41.24 5.30 10.61 12.35 С9Н14N2О5S 41.19 5.38 10.68 12.23

09 –С4Н9-t 88.5 >360 41.12 5.41 10.58 12.26 С9Н14N2О5S 41.19 5.38 10.68 12.23

10 –С5Н11-n 86.9 245–246 43.39 5.88 10.07 11.72 С10Н16N2О5S 43.48 5.84 10.14 11.61

11 –С5Н11-i 93.7 249–250 43.54 5.86 10.11 11.76 С10Н16N2О5S 43.48 5.84 10.14 11.61

12 –С6Н11-cyclo 88.0 >350 45.90 6.22 9.61 11.22 С11Н16N2О5S 45.84 5.59 9.72 11.12

13 –С6Н13-n 92.3 >330 45.48 6.22 9.90 11.16 С11Н18N2О5S 45.52 6.25 9.65 11.05

14 –С6Н5 94.8 198–199 46.88 3.51 9.91 11.45 С11Н10N2О5S 46.81 3.57 9.92 11.36
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поиск новых биологически акТивных соединений 
на основе 6-МеТилурацил-5-сульФохлорда и спирТов

Проведено исследование реакции взаимодействия алифа-
тических и ароматических спиртов с 6-метилурацил-5-сульфо-
хлоридом (МУСХ). Показано, что удобней всего проводить вза-
имодействие 6-метилурацил-5-сульфохлорида с предварительно 
приготовленным алкоголятом в избытке исходного спирта. 
Предварительные исследования (использование программы 
РААS) показали, что среди полученных соединений имеются 
такие, которые проявляют антиоксидантные свойства и могут 
быть использованы в качестве цитостатиков.

ключевые слова: биологически активные соединения, синтез 
алкилсульфонатов на основе 6-метилурацил-5-сульфохлорида 
и алкоголятов, реакционная способность.
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1. introduction

The methods of obtaining whiskers for a long time con-
tinue to be a rather urgent problem for the study of modern 

science. This is evidenced by an increase in the problems 
of these issues during scientific conferences and seminars, 
since any obtained experimental result deserves discus-
sion and consideration. Scientists should clearly welcome  
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investigation oF Methods 
oF oBtaining WhisKers 
in coMPosite Material

Досліджено методи отримання ниткоподібних кристалів у композиційному матеріалі. Зосере-
джено увагу на процесі отримання ниткоподібних кристалів хімічною взаємодією між газом та 
контактною речовиною, а також методом (пар – рідина – тверде). Показано перевагу прове-
дення процесу конденсації крізь рідку фазу у порівнянні з процесом прямої конденсації з парової 
фази у тверду.

ключові слова: методи отримання ниткоподібних кристалів, композиційні матеріали, хімічна 
взаємодія між газом та контактною речовиною.
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