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Abstract: The method for obtaining alkoxycarbonylmethyl esters of thioacetic acid, based on the interaction
of mercaptoacetic acid esters with acetic anhydride in an alkaline medium was proposed. It showed that an
alternative way to obtain alkoxycarbonylmethyl esters of thioacetic acid is the reaction of mercaptoacetic
acid esters with acetyl chloride in the presence of equimolar quantities of triethylamine. The interaction of
mercaptoacetic acid esters with benzoyl chloride in the presence of equimolar amounts of triethylamine was
used to synthesize appropriate alkoxycarbonylmethyl esters of thioacetic and thiobenzoic acids. Study into
synthesized compounds as additives to lubricating oils revealed that addition of butoxycarbonyl methyl ester
of thioacetic acid at a concentration of 1% in M-8 oil practically eliminated its corrodibility, while
butoxycarbonyl methyl esters of thioacetic and thiobenzoic acids also had some lubricating and
antimicrobial properties.
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Introduction

As the mechanical engineering and the
tightening of requirements for lubricating oils

various sulfides and found that just
alkoxycarbonylmethylthio  fragment largely

develops, there is a need to develop more
effective additives for them. In this aspect, any
study related to the directed synthesis of new
multifunctional additives and the identification
of the relationship between their structure and
properties is undoubtedly relevant.

Previously, we studied the effect of the
ester group on the functional properties of

R—O-lCll—CHZ—S-?-R'
O

contributed to enhancing the anticorrosion
activity of the compounds [1-3]. In order to
study the effect of the acyl group attached to a
sulfur atom, on the properties of the compound,
there were studied alkoxycarbonylmethyl esters
of thioacetic and thiobenzoic acids with the
following formula

R — alkyl radicals, R* = CH3, CgHs
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As compared to the alkyl esters of
thiocarboxylic acids, their alkoxycarbonyl
methyl esters are poorly studied compounds
[4,5].

There is no information in the literature on
the interaction of alkyl esters of mercaptoacetic

o
ch—c?
R-O-C-CH,-SH +
| CH=C
0O

R = i-C3H7 (1), C4Hs (11)

The structure of the synthesized
compounds was confirmed by the data of IR and
NMR spectra [8, 9], as well as chemically. So,
in the IR spectrum of
isopropoxycarbonylmethyl ester of thioacetic
acid (comp.l), the absence of a band with a
frequency of 2600-2500 cm™ indicates the
interaction of the mercapto-group of the
isopropyl ester of mercaptoacetic acid with
acetic anhydride. The IR spectrum of comp.l
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acid with acetic anhydride. We revealed that in
an alkaline medium, this reaction leads to the
formation of alkoxycarbonylmethyl derivatives
of thioacetic acid, which are of interest both as
additives to lubricating oils and biologically
active substances [6,7].

>o —= R-O-G:CH, S-C-CH, + CH,COOH

contains absorption bands at 1740 and 1136 cm’
! indicating the presence of C=O and C-S
bonds, respectively.

'"H NMR spectrum of comp.l (CDCls, 8,
ppm): 1.28 d. (6H, 2CHg), 2.35 s. (3H, CH3) ,
3.78 s. (2H, CHy), 4.96 m. (1H, CH).

BC NMR spectrum of comp.l (CDCls, 8,
ppm): 22.3 (2CHs;), 33.6 (CH,), 70.2 (CH),
169.9 (CO0), 195.3 (CO).

Fig.1.IR spectra of isopropoxycarbonylmethyl ester of thioacetic acid

Experimental Part

The starting esters of mercaptoacetic acid
were obtained by the well-known method [10].

The IR spectra of substances were taken
on a Specord M-80 spectrophotometer in a thin
layer of 4000-400 cm™

The NMR spectra were taken on AS-200
spectrophotometers (Bruker ‘H-200 MHz, *C-
50 MHz). Internal standard was TMS. 1-5%

solutions of the studied compounds in CDCl;
were used.

Butoxycarbonylmethyl ester of thioacetic
acid (). A mixture of 4 g of NaOH, 8 ml of
water and 17.76 g (0.12 g-mol) of
mercaptoacetic acid butyl ester was poured onto
50 g of finely crushed ice, and 12.75 g (0.125 g-
mol) of acetic anhydride was quickly added
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with vigorous stirring. Stirring continued for
another 1 hour at a temperature of 40-50°C.

over calcium chloride, and after distillation of
benzene, comp.ll was isolated by vacuum

Then the reaction mixture is extracted with distillation, yield is 14.8 g (65%).

benzene, washed with water to neutral, dried

i-CaH7-OCOCH2-S-C-CHa

O

]

-—

180 160 140 120
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Fig.2. NMR spectra of isopropoxycarbonylmethyl ester of thioacetic acid

The isopropoxycarbonylmethyl ester of
thioacetic acid comp.l was obtained by a similar
procedure with yield of 64%.

By interaction of isopropyl and buty! esters of

(C,H),N
R-0-G-CH,-SH + CH,:C-Cl 2H)s

@) O
R = i-C3H7 (1), C4Hq (1)

Isopropoxycarbonylmethyl ester of thioacetic
acid (I). 3.93 g (0.05 g-mol) of acetyl chloride
was added dropwise to cooled to -5°C solution
of 6.7 g (0.05 g-mol) of isopropyl ester of
mercaptoacetic acid and 5.1 g (0.05 g-mol) of
triethylamine in 50 ml of anhydrous benzene,
so that the mixture temperature didn’t rise
above 5°C. The reaction mixture was stirred for

R-O-C-CH,-S-C-CgH,
I
O O

The synthesized compounds (I - V)
(Tablel) are liquids that are readily soluble in

mercaptoacetic acid with acetyl chloride in the
presence of equimolar amounts of triethylamine
compounds identical to comp.l and I,
respectively were obtained:

R-0-G-CH,S-C-CH, + (C,H)N - HCI
o) o)

1 hour at 50-60°C. The separated precipitate of
the hydrochloric acid salt of triethylamine was
filtered off, after distillation of benzene, comp.l
was isolated by vacuum distillation, yield was
6.6 g (75%).

Alkoxycarbonylmethyl esters of thiobenzoic
acid were obtained by a similar procedure (74-
80%)

R= C2H5(|||) i-CsHy (|V), C4Ho (V)

organic solvents and lubricating oils, insoluble
in water.
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Table 1. Characterization of alkoxycarbonylmethyl esters of thioacetic and thiobenzoic acids
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Results and Discussions

The influence of the synthesized
compounds on the anticorrosive, lubricating and
antimicrobial properties of M-8 oil was studied.

The anticorrosive properties of derivatives
of thioacetic and thiobenzoic acids were
determined by the rigorous NAMI method in the
presence of 0.02% copper naphthenate for 25
hours at 140°C (lead plates). As a result of the

tests, it was found that the addition of 1% of
comp.ll practically eliminated the corrosiveness
of M-8 oil.

The lubricating properties of the studied
compounds were studied on a four-ball friction
machine according to GOST 9490-75.The test
results are shown in Table 2.

Table 2. Lubricating properties of synthesized compounds

C4H9-O-|C|2-CH2-S-|C|Z-
O O

Comp.
Formula of compounds Concentration, | I Py, H | P., H | Dys,mm
%
I C4H9-O-|(|3-CH2-S-lcl:-CH3 1 38 784 | 1568 0.49
O O
\/ 1 38 784 | 1568 0.44

M-8 oil

- 32 617 | 1235 0.62

The lubricating properties of the
compounds are characterized by the scuffing
index (ls), the welding load (Py), the critical
seizing load (P;) and the wear spot diameter
(Dws). The anti-wear property index is
determined at a load of 392 Newton and test
duration of 30 minutes.

According to Table 2, butoxycarbonyl methyl
esters of thioacetic and thiobenzoic acids
significantly improve the lubricating properties

of M-8 oil. So, introducing 1% of these
compounds into M-8 oil decrease the wear scar
diameter from 0.62 mm to 0.44 - 0.49 mm.

The antimicrobial properties of the synthesized
compounds (Il, V) are established by the
method MEC - 1954 under conditions
simulating tropical atmosphere (in a thermostat
at 28-32°C and relative air humidity 90-100%).
Fungal and bacterial cultures were used as test
microbes. The test results are shown in Table 3.

Table 3. Antimicrobial properties of synthesized compounds

Concen- Zone of microbial growth inhibition,
tr., % cm
Comp. Formula Bacteria Fungi
Pseudo- Candida | Aspergillu
monos tropicalis | s
aeruginosa niger
] C,Hy-O-C-CH,-S-C-CH, 0.5 + + 01-02 | 07-09
I | 15 ++ 03-04 | 15-17
@) O
\ — 0.5 ++ 0.1-0.2 0.6-0.8
C4H9'0'|(|3'CH2'S'|C|3' N\ / 15 01-02 | 02-03 | 08-15
@) @)

+ Abundant growth of microorganisms around the well in the

Petri dish
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As can be seen from Table 2, the studied
compounds (Il, V) show a certain antifungal
activity: the inhibition zone of fungi is 1.5-1.7
cm.

Thus a one-stage method for the synthesis
of alkoxycarbonylmethyl esters of thioacetic
and thiobenzoic acids was developed, which
consists in the interaction of alkyl esters of
mercaptoacetic acid with acetic anhydride in an
alkaline medium.

It found that the interaction of

mercaptoacetic acid esters with acetyl and
benzoyl chlorides in the presence of equimolar
amounts of triethylamine leads to the formation
of alkoxycarbonylmethyl esters of thioacetic
and thiobenzoic acids, respectively.

It was established that
alkoxycarbonylmethyl esters of thioacetic and
thiobenzoic acids had some anticorrosive,
lubricating and antimicrobial properties in
relation to lubricating oils.
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TIOSIRK® VO TIOBENZOY TURSULARININ ALKOKSIKARBONILMETIL
EFIRLORININ SINTEZi VO ONLARIN SURTKU YAGLARINA ASQAR KiMi TODQIQi
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Xiilasa: Tiosirko tursusunun alkoksikarbonilmetil efirlorinin alinmasi tglin golovi miihitds
merkaptosirka tursusu efirlorinin sirko anhidridi ilo qarsiligli tesirina osaslanan tisul toklif
edilmisdir. Gostorilmisdir ki, tiosirko tursusunun alkoksikarbonilmetil efirlorini almaq iigiin
alternativ tisul merkaptosirko tursusu efirlorinin ekvimolyar miqdarda trietilaminin istiraki ilo
asetilxloridlo reaksiyasidir. TioSirko Vo tiobenzoy tursularmin miivafiq alkoksikarbonilmetil
efirlorinin sintezi ti¢lin ekvimolyar miqdarda trietilaminin istiraki ilo merkaptosirks tursusu
efirlorinin benzoilxloridlo qarsiligh toesirindon istifado edilmisdir. Sintez edilmis birlogsmalarin
sirtkii yaglarma asqar Kimi todgiqi naticosindo miioyyon edilmisdir ki, tiosirko tursusunun
butoksikarbonilmetil efirinin 1% qatiligda M-8 yagimna olave edilmasi onun korroziyasini praktiki
olaraq aradan qaldirir, tiosirka vo tiobenzoy tursularmin butoksikarbonilmetil efirlori hom do
miioyyan yaglayici vo antimikrob xassalor gostarir.

Acgar sozlar: merkaptosirka-, tiosirka- va tiobenzoy tursularinin efirlari, sirks anhidridi, asetilxlorid,
stirtkii yaglari, korroziyaya ugrama, yaglayici xassalor, antimikrob asqarlar

CHUHTE3 ATIKOKCUKAPBOHUJIMETHUJIOBBIX 3®HUPOB THOYKCYCHOHU "
THUOBEH30MHOU KUCJIOT U UCCJIEJOBAHUE UX B KAYECTBE IIPUCA/IOK K
CMA30YHbIM MACJIAM
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AnHoTanus: [Ipennoxen cnocod noayyeHus aakoKCUKapOOHUIMETHIIOBBIX 3(UPOB THOYKCYCHON
KHCIIOTBI, OCHOBAHHBIM Ha B3aWMOJAEWUCTBUU I(PHUPOB MEPKANTOYKCYCHOM KHCIOTHI C YKCYCHBIM
aHTUIpUIOM B IuenoyHol cpexne. Iloka3aHo, YTO aJbTEPHATUBHBIM IIyTEM IIOJy4YEHUS
QIIKOCUKapOOHUIIMETHIIOBBIX  3(QHUPOB THOYKCYCHH KHCIOTBI SIBISIIOTCA peakuu 3(QUpoB
MEPKaNTOYKCYCHOM KHUCIJIOTBI C XJIOPUCTBIM all€TWJIOM B IPUCYTCTBUU 3KBUMOJIIPHBIX KOJIMYECTB
TpudTUIaMHUHA. B3anMopelictBueM 3(hUpoB MEPKaNTOYKCYCHOM KUCIOTHI C XJIOPUCTHIM OEH30UIIOM
B IPUCYTCTBUU HKBUMOJISIPHBIX KOJIMYECTB TPUATHUIAMHMHA CHHTE3UPOBAHBI COOTBETCTBYIOLIME
QJIKOKCUKapOOHUJIMETUIIOBbIE 3(UpBl THOYKCYCHOM M THOOEH301HON Kucior. B pesynbrare
UCCIIEIOBaHNUsl CHHTE3MPOBAaHHBIX COEIMHEHUN B KadyeCTBE NPUCATAOK K CMa304YHBIM MaciaM
YCTaHOBJICHO, 4YTO J00aBJIeHHE OYTOKCHKAapOOHUIMETHUIIOBOTO 3(Hpa THOYKCYCHOM KHUCIOTHI B
KoHUeHTpauuu 1% B Macino M-8 mpakTUYecKH  YCTpaHseT €ro KOpPPO3HOHHOCTb,
OyTOKCHMKapOOHWIMETUIIOBbIE 3(PUpPbl THOYKCYCHOW U THOOEH30MHOI KHUCIOT Takke 00JamaroT
OIpeJIeIEHHBIMU CMa3bIBAIOIIMMH U aHTUMUKPOOHBIMH CBOMCTBaMHU.

KuaroueBble cioBa: 3(Qupbl MEpKaNTOYKCYCHOW, THOYKCYCHOM U THOOEH30MHON KHCIIOT,
YKCYCHBI aHTUIPUJ, aLETWIXJIOPUA, CMa304HbIE Macja, KOPPO3MOHHOCTb, CMa3bIBaroIINe
CBOMCTBA, aHTUMUKPOOHBIE TPUCATKH.
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