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SEARCH FOR NEW BIOLOGICALLY
ACTIVE COMPOUNDS BASED ON
6-METHYLURACIL-5-SULFOCHLORIDE
AND ALCOHOLS

IIposedeno docridncenns peaxuii 63aemodii aripamuunux i apoOMamuunHux cnupmie 3 6-memuiypa-
yun-5-cyavgpoxnopudie (MYCX). Ioxazano, uio spyuniute 3a 6ce npogodumu 63acmoodito 6-memuiypa-
Uun-5-cyaopoxaopioa 3 nonepeonvo NPUZOMOBAHUM AIKOZOJLSAMOM 8 HAOLUWKY BUXIOH020 CRUpMY.
Ionepeoni docaioncenns (suxopucmanns npozpamu PAAS) nokasanu, wo ceped ompumanux cnoiyx
€ MAaxi, Wo NPOACAAIOMb AHMUOKCUOAHMHT BLACTNUBOCMI T MONCYMb OYMU BUKOPUCTNAHI 6 SAKOC YUMO-
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cmamuxis.

Kmeouosi cnosa: 0i0/102iun0 akmueni CnOIYKU, CUHMES AIKLICYIbGOHAMIE Ha 0CHOBI b6-Memuiypa-
UUL-5-cyavoxaopudy ma arkozonsamis, peakyiiuna 30ammicme.

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:

ArSO,Cl+Ar{ONa — ArSO,0Ar;+NaCl.

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 ohject 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 %:

Acetoacetic ether
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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 ohjectives 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 prohlem

The introduction of the sulfochloride group — SO,Cl
into the molecule of the organic compound is widely used
both for the preparation of R—SO,Cl 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 SO, and
Cly 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 various
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):

base
Ar-SO,-Cl+ R-OH———> Ar-SOZ—O-R +HCI.

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 Sy2 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 considered
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,

H H thus forming a conjugated acid:
O N CH
b Os_ _N_ _CH,
Il 0 R-O-H + H-O-H ——>
HN + ”
s—c *Na-O-R ———>  HN —0—R
[l ﬁ o + NaCl, _H
o (e} g o) =— R-O + H—O\H
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Acidic properties of alcohols are evaluated by the aci-
dity constant K:

R-OH+HOH — R-O"+H307,

[R-O°] [H0"]
K.=""Ir-OH] ’

pK,=-1gK,.

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 pK, or the associated acidity constant
of the conjugated acid pK,y* [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:

v
R-OH — 95 R-0-8-—CH, —>
(Py.PyHC)
KI

— > R-I+Ms--OK.

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-SO,CcH;4CHj), alkyl mesilates
(R-0O-S0O,CH3) and alkyl trifluorates (R-O-SO,CF3).

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 Sy2 mechanism,
with the following reversal of the configuration:

The source of the halide ion is usually the corresponding
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 Sy2 mechanism, but the reac-
tion rate in the former case is much less. The influence 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 (C{—Cy) with vigo-
rous stirring and cooling. After the evolution of hydrogen
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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Table 1
H
O N CHj
The physicochemical properties of the 5-alkylsulfonates B-methyluracils of general formula 1/ |
S0,-O-R
(0]
No. 0 Yield, % I o Found, % Brutto Calculated, %
C H N 5 formula C H N 5

01 —CH; 954 215-216.5 32.63 3.61 12.27 14.56 CgHgN2055 32.73 3.66 12.72 14.56
02 —CoHs 92.8 299-299.4 36.04 4.28 11.88 13.76 CyH1oN2055 35.89 4.30 11.96 13.69
03 —C3zHy-n 89.8 192-194 38.58 4.89 11.22 13.08 CgH12N2055 38.70 4.87 11.28 12.91
04 —C3Hy-i 74.5 275 13.61 4.82 11.17 13.11 CgH12N2055 38.70 4.87 11.28 12.91
05 | —CH,CH,0CH3 86.1 310 36.31 4.62 1173 12.21 CgH12N2085 36.36 4.57 11.60 12.13
06 —C4Hg-n 88.7 196-196.5 41.11 5.43 10.78 12.33 CgH14N2055 41.18 5.38 10.68 12.23
07 —C4Hg-s 72.1 283 41.26 5.31 10.54 12.29 CgH14N2055 4119 5.38 10.68 12.23
08 —C4Hg-i 78.2 261-261.5 41.24 5.30 10.61 12.35 CgH14N2055 41.19 5.38 10.68 12.23
09 —C4Hg-t 88.5 >360 41.12 5.41 10.58 12.26 CgH14N2055 41.18 5.38 10.68 12.23
10 —CsHig-n 86.9 245-246 43.39 5.88 10.07 11.72 C1oH1sN2055 43.48 5.84 10.14 11.61
11 —CsHyq-i 93.7 249-250 43.54 5.86 10.11 11.76 C1oH1sN2055 43.48 5.84 10.14 11.61
12 | —CgHis-cyclo 88.0 >350 45.90 6.22 9.61 11.22 C11H1gN2055 45.84 5.58 9.72 11.12
13 —CgH13-n 92.3 >330 45.48 6.22 9.90 11.16 C11H1gN2055 45.52 6.25 9.65 11.05
14 —CgHs 94.8 198-199 46.88 3.51 9.91 11.45 C11H1oN2055 46.81 3.57 9.92 11.36

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 SO,Cl 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.

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:

n-C4H90H + Na T»

2
H

O N CH,

T» n-C4H90Na + HN | //O
2 >
S - NaCl
2N
d Cl
H
(6] N CHjy
— > HN | //O
- NaCl

d :
&/ OC4Hgn

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.
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MOKCK HOBBLIX BMO/MOTHYECKH AKTHBHBIX COEAMHEHMHA
HA OCHOBE 6-METHNYPALMI-5-CYNbPOX/NOPAA K CIHPTOB

ITpoBeseHo nccieoBanmne peakiy B3auMOJEHCTBUS annda-
TUYECKUX M aPOMATUYECKUX CIIUPTOB C 6-MeTHITy PaIiI-3-Cyibdo-
xsopuziom (MYCX). TTokaszano, 4To y100He# Bcero mpoBOIUTD B3a-
NMOZIEHICTBIE 6-MeTHIIY PAIII-5-CYIbhOXIIOPHIA C TIPEIBAPUTEIBHO
[PUTOTOBJICHHBIM AJTKOTOJIATOM B H30BITKE HCXOLHOTO CIIMPTA.
IIpeaBapurenbuble uccaeoBanns (MCHOIB30BAHNE HPOTPAMMBI
PAAS) nokasasu, 4To cpein MOJTYYEHHBIX COCJNHEHUI MMEIOTCS
TaKue, KOTOPBIE MPOSBIIAIOT AHTHOKCHJAHTHBIE CBOMCTBA U MOTYT
OBbITb MCIIOJIB30BAHbl B KAYCCTBE IUTOCTATHKOB.

Kmouesste cnosa: G10J0IMYCCKU AKTHBHBIC COC/IMHCHNUS, CUHTE3
ANKUIICYIb(GOHATOB HA OCHOBE 6-METHIIYpAIII-5-CyIb(OXI0PUIA
7 aJKOTOJISITOB, PEAKIOHHASI CIIOCOOHOCTD.
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INVESTIGATION OF METHODS
OF OBTAINING WHISKERS

IN COMPOSITE MATERIAL

Jlocnionceno memoou ompumaniis HUMKONOOIOHUX KPUCTATLLE Y KOMNO3UUitiHOMY Mamepiani. 3ocepe-
0JHCceNO Yeazy na NPoyeci OMpPUMAHH HUMKONOOIOHUX KPUCMALIE XIMIUHOI 63AEMOOIEI MINC 2A30M MA
KOHMAKMHOoI0 Peuosunor, a maxoyc memodom (nap — piouna — meepoe). Iloxazano nepesazy nposge-
Oennst npoyecy Konoencayii kpisv pioky asy y nopiensnii 3 npoyecom npamoi kondencauyii 3 napogoi

pasu y meepdy.

Kmouosi cnosa: vemoodu ompumanns HumxonodioHux Kpucmaiie, KOMNO3UUIHi Mamepiaiu, XiMiuna

63AEMO0LSL MINC 2A30M MA KOHMAKMHOIO PEeUOBUHOTO.

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

s
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