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Abstract: By the reaction of sodium diethyldithiocarbamate trihydrate with chlorosubstituted addends —
allyl-, tetrahydrofurfuryl monochloroacetate, allyl-3-chloropropanoate and 4-chloromethyl-1,3-dioxolane,
the appropriate ethers of diethyldithiocarbamic acid were synthesized. The influence of their composition
and structure on the quality of lubricants was investigated.
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Introduction

The  derivatives of  dialkyl(aryl)
dithiocarbamic acids are one of the most
widespread reagents in practice, combining
heteroatoms of various nature (N, O, S) in the
molecule which largely stipulates the expansion
of their application (in chemistry, metallurgy,
medicine, agriculture, etc.), on the one hand,
and stimulates the ever-increasing interest of
researchers of various scientific profiles, on the
other hand. However, in sufficiently extensive
assortment of the derivatives of dithiocarbamic
acid, owing to some circumstances (possibly the
accessibility of raw materials), the ethers of
diethyldithiocarboxylic acid (DEDTCA) are
dominant [1]. They are used as multifunctional
additives to lubricating oils [2], iniferters of the
radical polymerization of olefins, allowing to
control the polydisperity of the obtained matrix
[3], accelerators of vulcanization of rubbers and
antioxidants in the rubber industry [4],
biologically active substances [5] and play an
important role as intermediate synthons in
organic synthesis [1. p. 9-13].

It should be noted that one of the actual
directions of application of DEDTCA ethers is
the creation of lubricating compositions with
improved or high exploitation properties on
their basis. As is known, at low qualities of

lubricating oils, the friction between the metal
surfaces of machine details and aggregates
grows sharply and the latter ones come into
direct contact, which leads to appearance of
roughness on their surface and ultimately to
abrasion and wear. Consequently, the rapidly
growing level of technical progress in machine
building requires an increase of the exploitation
properties of lubricants used to decline the
abrasion and wear of the surfaces of metallic
details, and it is almost impossible to prevent
these phenomena without the use of additives to
lubricating oils. Thus, the search for additives
increasing the efficiency of lubricating
compositions attracts the close attention of
researchers [6]. DEDTCA ethers, combining

\N—C(=S)S'I
dithiocarbamate fragment

with an ester group and functionally substituted
radicals in the molecule play an important role
in solution of this problem, which apparently
favor the formation of strong films on the
contacting surfaces of metallic details of
machines and aggregates and, consequently,
improve not only the anti-wear efficiency of
lubricating compositions, but also provide their
lubricating activity [7]. This notwithstanding,
the investigation of the synthesis reactions of
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DEDTCA ethers and the possibility of creation
of the lubricating compositions with high
exploitation properties on their basis are a
comparatively little-studied area of organic
synthesis, and the available reports are of
episodic character and besides, they have a
preparative value [8].

In this paper the results of investigation of
the synthesis reaction of functionally substituted
DEDTCA ethers (VI-IX) by alkylation of

sodium diethyldithiocarbamate (DEDTCNa)
with the corresponding chlorine-containing
addend (I1-V) and study of their influence on
the anti-wear and extreme pressure properties of
lubricating compositions are presented. The
synthesis of compounds (VI-1X) was carried out
according to a well-known methodology well-
known [5. pp. 1-9], in an aqueous medium on
the scheme as follows:

CH;CH, CICH,R (11-v) CH3CHa
N—CSNa > N—CSCH,R
CH;CH,~” || - NaCl CH;CH,” ||
S S
I VI-IX

R=CH,= CHCH,0(0=)C (IL, VI);

CH,=CHCH,0(0=)CCH, (III, VID);

0
k ; (IV, VII); Q—CHZO(0=)C (v, IX).
)

The compound (I) used as an initial
material, is a publicly available reagent
produced by the chemical industry [9]. The
compound (Il) is a commercial product [10],
and ethers (Ill, IV) were obtained by
esterification of monochloroacetic and 3-
chloropropionic  acid  with  allyl  and
tetrahydrofurfuryl alcohol (respectively)
according to a known methodology [11]. The
compound (V) was synthesized by the
formaldehyde reaction with 3-chloro-1,2-
epoxypropane according to the methodology
[12].

The synthesized dithiocarbamates [S-

(carballyloxy)methyl- (v, S-
(carballyloxy)ethyl-(\V11), S-(1,3-dioxa-4-
cyclohexyl)methyl- (vr) and S-

(carbtetrahydrofurfuryloxy)methyl-N,N-
diethyldithiocarbamate (1X)] are transparent
liquids without odor. They are insoluble in
water, but well soluble in organic compounds

(ether, CCly, CHCIzetc) and lubricating oils.

It should be noted that the details of the
synthesis, composition and structure, as well as
dithiocarbamate constants (VI-1X) are given in
work [5] dealing with the investigation of their
biological activity. Only a description of the
reaction equation (in a slightly different form)
of the synthesis of compounds (VI-1X) and
Table (Table. 1), reflecting their physical-
chemical constants was included in this work.

Based on the fact that the compounds (VI-
IX) synthesized by wus possess potential
biological activity [5], they are well dissolved in
lubricating oils, have a high boiling point and
thermal stability, i.e. meet the basic
requirements for chemical compositions used as
additives to lubricating oils [13] and with the
aim of creation of a lubricant with improved or
high exploitation properties, their influence on
the anti-wear and extreme pressure properties of
the base oil AK-15 was analyzed.

Experimental part

The efficiency of dithiocarbamates (VI-
IX) was determined by their testing in a mixture
with lubricating oil AK-15. The tests were

carried out jointly with the collaborators of the
laboratories
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"Synthesis of additives and theoretical
bases of mechanism of their action"” and
"Additive and composition of additives to
transmission and industrial oils" of the Institute
of "Chemistry of Additives" named after Acad.
AM. Guliyev of the National Academy of
Sciences of Azerbaijan. The tests were carried
out on four-ball friction machine TR-4, on steel
balls of mark ShKh-15, with a diameter of 12.7
mm in air at room temperature and a sliding rate
of 1400 rev.min The tested compounds (VI-1X)
were injected into AK-15 oil in keeping with
international standards (ASTM D 2596 and
ASMD 2266).

The obtained quantitative data in
comparison with the corresponding indices of
the base oil AK-15 are shown in Table 2. The
efficiency of the compounds tested as anti-wear
and extreme pressure additives was investigated
as 3% composition of the appropriate compound
in the base oil AK-15. The anti-wear and

extreme pressure characteristics of the obtained
compositions were determined on the method of
stepwise sinkage of balls. For each load, the
friction was carried out on balls with fresh
surface in the presence of a new portion of the
composition. After each experiment, the
diameters of the wear spots on the lower balls
were measured in two mutually perpendicular
directions. The diameter average values of the
wear spots (day) from six measurements were
taken as the final result. During the testing
process of each compound, the appropriate
jamming loads were fixed and the tease index
was calculated.

The indices characterizing the thermal
stability of dithiocarbamates determined on a
derivatograph of OD-102 T type of the Paulik
system (Hungary) on the method [14] and the
results of their testing as additives to the base oil
AK-15 are given in Table 2.

Results and discussion

As follows from Table, the thermal
stability of the tested dithiocarbamates (VI-1X)
(which have the same acid residue —
(EGN-C(=S)S") s essentially dependent on the
composition and nature of the substituted S-
alkyl radical, and, as expected, the
dithiocarbamates  (VI,  VII)  containing
carboxyallyl fragment in the a — or § — position
to the acid residue, possess (in comparison with
compounds VIII, 1X) somewhat less stability
against temperature influences. The noted
phenomenon is, apparently, a consequence of
the possible conjugation of n-electron system of
the double bond of the allyl group with the same
system of the carbonyl oxygen atom, owing to
which the heterolytic break of S-CH; bond is
somewhat activated. This assumption is
indirectly confirmed by the considerably high
temperature of the beginning of decomposition
of compounds (VIII, 1X), which was stipulated
by the absence of substituent unsaturated bond
in their alkyl fragment.

It was established that the efficiency of
the compounds tested as anti-wear and extreme
pressure additives to the base oil AK-15, which
can favor an increase of the service life of
friction units of metal surfaces of machines and

mechanisms, essentially depends not only on the
composition and structure, but also on their
stability in action of higher temperatures. Thus,
an increase of the relative thermal stability of
esters (VI-1X) is accompanied by an increase of
the characteristic indices (l;, L., Ly) of the
lubricating composition in comparison with the
corresponding indices of oil AK-15 (Table 2).
Moreover, these indices have a minimum value
(except for the welding load) in a case of the
compounds (VI, VII) and a maximum value in a
case of the compounds (VII, IX), ie. the
thermal stability of the tested compounds has a
good correlation with their anti-wear and
extreme pressure efficiency.

The availability of potentially electron-
donors atoms of thionic and thiol sulfur in the
molecules of the tested esters essentially
increases their activity to metals, which leads to
modification of rubbing surfaces and the
realization of high efficiency of the composition
used as anti-wear and extreme pressure
lubricants [14.p.50]. The role of the carboxyl
group consists not only of increase of the
extreme pressure properties of the compositions
[8. p. 3/13], but in improving their lubricity as
well.

CHEMICAL PROBLEMS 2022 no. 3 (20)
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Conclusions

Thus, the above-listed quantitative data
(Table. 2) indicate that the tested compounds
(VI-IX) allow increasing the tribological

properties of the base oil AK-15 in the complex,
and can be recommended as effective additives
for use in various industries.

The author expresses his deep gratitude to I. P. Ismailov for the help provided during the
execution of the corresponding experiments and the design of this work.
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DIETILDITIOKARBAMIN TURSUSUNUN BOZi EFIRLORININ SINTEZi VO ONLARIN
SURTGU YAGLARININ YEYILMO VO SIYRILMO XASSOLORINO TOSIRININ
TODQIQI

9.X. Karimov, X.A. Mammadova, E.S. Cafarova, 1.9. Xudiyeva
AMEA Polimer materiallart institutu.

Az 5004 Sumgayit, S.Vurgun kiic., 124:
E-mail:kerimov.alverdi@mail.ru

Xiilasa: Natrium dietilditiokarbamatin trihidratinin xloraddentloarla -- allil-,
tetrahidrofurfurilmonoxlorasetatla, allil-3-xlorpropanoatla va 4-xlormetil-1,3-dioksolanla reaksiyasi
osasinda, dietilditiokarbamin tursusunun miivafiq efirlori sintez edilmis vo onlarin torkib vo
qurulusunun siirtgii yaglarinin xassasina tosiri tadqiq edilmisdir.

Acar sozlar: dietilditiokarbamin tursusunun efirlori, yeyilmays qars1 davamliliq, islatma doracasi,
bohran yiikii

CHUHTE3 HEKOTOPBIX 2®UPOB JTUITUIJTUTUOKAPEAMUHOBOM KUCJIOTHI U
HCCJIEJOBAHUE UX BJIUAHUS HA IPOTUBOU3HOCHBIE N
IMPOTUBO3AIUPHBIE CBOUCTBA CMA30YHbIX MACEJI

A.X. Kepumos, X.A. Mamenona, J.C. Ixadaposa, U.A. Xynuesa
Huemumym nonumepuvix mamepuanos Hayuonanvnou AH Asepbaiiodcana

AZ 5004 Cymeatioim, yn. C.Bypeyua, 124.
E-mail:kerimov.alverdi@mail.ru

AHHoTanms: Peakiueil Tpuruapara AMATHIAMTHOKapOaMaTa HaTpUs C  XJIOp3aMElCHHBIMU
aJIeHAaMI — aJUTII-, TeTparuapodypdypHIMOHOXIOPALETaTOM, AJUIHII-3-XJIOPIPONIAaHATOM U 4-
XJIOpMETHII-1,3-TMOKCOTaHOM CUHTE3UPOBAHBI COOTBETCTBYIOILINE 3hUpHI
TVATUIAUTHOKapOaMUHOBOM KHUCIOTHL. MccienoBaHO BIUSHUE HMX CBOWMCTB M CTPYKTYpbl Ha
Ka4yeCTBO CMa304YHbIX MAaTEpUAJIOB.

KuaroueBble cioBa: >Qupbl AMATUIAUTHOKAPOAMUHOBOW KHUCIIOTHI, TPOTUBOU3HOCHBIE CBOMCTBA,
CMa3bIBAEMOCTb, KDUTUUYECKAs HATPYy3Ka
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