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Abstract—3-Thietanyl-substituted thiocarbamides were synthesized via the reaction of 3-thietanyl-substituted
isothiocyanate. The synthesized compounds were found to exhibit a high antioxidant activity in the inhibited

oxidation of cumene.
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Earlier, we performed a systematic investigation
into the synthesis and the antioxidant activity of various
organic sulfur compounds [1-4].

In a continuation of the study of the synthesis of
thiocarbamides and examination of their antioxidant

H2C\—/CHCH2C1 + NH,SCN
S

The reaction of 1,2-epithio-3-chloropropane with
ammonium thiocyanate was studied in an aqueous
medium and 3-thietanylisothiocyanate was obtained
as a result [8]. 3-Thietanyl-substituted thiocarbam-

SCH

N _ 7

properties [5—7], we prepared and studied various thiet-
anyl-substituted thiocarbamides.

Their synthesis was conducted according to the fol-
lowing scheme:

o /CHZ

2! N — (=

N S\ JCHN=C=S
CH, @

ides (II-VI), which are colorless crystals, were pre-
pared via the addition reactions of 3-thietanyl-
isothiocyanate with various aliphatic and aromatic
amines:

CH,

S, JCHN=C=S + HN(RR,) — Si :CH—NHEN(RRI)

CH,
@

CH, 4
(II-VI)

where R = H, R] = C6H5CH2_ (II), R = H, R] = C18H37_(III),
R = H, R, = CH;0C¢H,— (IV); R = H, R, = 2-C,oH,— (V);

R = Rl = (CH2)5N— (VI)

The structure of the compounds was proven by IR
and '"H NMR spectroscopy, and their purity was con-
trolled by thin-layer chromatography and elemental
analysis.

EXPERIMENTAL

1-N-Piperidino-3-(3'-thietanyl)thiocarbamide ~ was
prepared according to the following procedure: 8.5 g
(0.001 mol) of piperidine was mixed with 13.1g

(0.1mol) of 3-thietanylisothiocyanate (I); a strong self-
heating of the reaction mixture was observed (to 50°C).
After cooling the mixture to room temperature and its
dilution with benzene (20 ml), the desired product was
isolated in the crystalline form. The yield of VI was17 g
(80%), bp 155-156°C, R; = 0.72. Found, %; C 52.41,
H7.98, N 12.42, S 27.73. Calculated for C,,HsN,S,,
%:C52.13,H8.01, N 12.56, S 27.84. 4-phenyl-1,3-thi-
azole (I); Parent 2-amino-4-phenyl-1,3 was synthe-
sized as described in [10].
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Table 1. Yield, melting point, R; value, and elemental analysis data for 3-thietanylthiocarbamides II-VI

Found, % N
Com- Formula Yield, %| T, °C Calculated, % Empirical R,
pound no. P formula
C H N S

I S/CHCZH_NHCNHCHCH o | s | 5592 | 596 | 1137 | 2608 | oo

Ncii I o 5543 | 6.02 | 11.75 | 26.90 | “11HiatN2>2 |0

2 S

CH,

AR 6571 | 1123 | 678 | 16.17

s_ "CH—NHCNHCgH ,
111 \CI:I T 181137 91 125 65.94 11.62 6.99 6.99 C22H44N252 0.81

2 S

v /CH(Z;HNHCNHC mocH— | 75 lioogor] 5171 | 518 | 1082 [ 2548 | ol

S\cﬁz e “O1 5101 | 533 | 1101 | 2521 |CrethiaNaS2| 0.

S

v /C\H(?HNHCNHC o 28 |16s_166 0196 | 536 | 1003 | 2551 | ol s

S\cﬁz I 6128 | 553 | 1021 | 27.84 |C1arial2>2| 0

S

CH,

AR i > 5241 | 7.98 | 1242 | 27.73

s. CHNHCN _
i o, L 80° 1551561 55 13 | 801 | 12.16 | 27.84 |Cr0tisNaS2) 072

Other 3-thietanyl-substituted thiocarbamides (II-V)
were synthesized from 3-thietanylisothiocyanate I and
various amines in a similar manner. Some properties of
the products are given in Table 1.

The progress of the reaction was monitored by
means of thin-layer chromatography (TLC) and IR
spectroscopy. The purity of the synthesis products was
controlled by the TLC technique as well [9] on Silufol
UV 254 plates using a 5 : 1 (by volume) hexane—isopro-
pyl alcohol solvent blend as an eluent.

The IR spectra were recorded on a Specord 75-IR
spectrometer in a nujol mull, and the "H NMR spectra
were measured on a Bruker (300 MHz) instrument. The
chemical shifts (ppm) are given on the ¢ scale relative
to HMS as an internal standard.

Cumene hydroperoxide (CHP) was purified accord-
ing to the conventional method [10] followed by distil-
lation, and chlorobenzene and cumene were purified
according to the procedure based on the sulfonation of
impurities with concentrated sulfuric acid [10, 11]. The
CHP concentration was determined by iodometric titra-
tion of the periodically sampled reaction mixture [10].

The experiments on CHP decomposition were con-
ducted in a chlorobenzene solution at 110°C in a glass
bubble reactor under nitrogen with the concentrations
of CHP and the compounds of interest being varied
over the ranges 0.2-0.6 and (3-5) x 10~ mol I}, respec-
tively. The initiated oxidation of cumene was studied in
a manometric unit [12]. The initiator was azobisisobu-
tyronitrile (AIBN), which has an initiation rate constant
of 1 x 107 1mol~' s7! at 60°C [13]. The initiator concen-

tration was the same in all experiments, 2 X 102 mol 17!,
and the concentration of the test compounds was 5 X
107 mol I"!. The IR spectra of synthesized 3-thietanyl
substituted thiocarbamides II-VI displayed absorption
bands at 670—680, 715-735, and 1415-1440 cm™! char-
acteristic of stretching vibrations of the four-membered
thietane cycle. The stretching vibrations of the thiocar-
bamide moiety NHC(S) were detected at 1510-—
1525 cm™!. Absorption bands in the region of 3320-
3330 cm™ correspond to NH bond stretching, and the
absorption bands at 3380 and 3430 cm™! revealed in a
dilute (0.005 M) solution in CCl, are due to the free
stretching vibration of the NH bond. Along with these
bands, the spectrum of the dilute solution displayed
absorption bands at 3040 cm™ attributed to intramolec-
ular hydrogen bonds NH...S [14].

The 'H NMR spectra of 3-thietanylthiocarbamides
II-VI exhibited signals from four protons of the two
equivalent methylene groups of the thietane cycle at
2.55-3.55 ppm as a quintet witha 1:4:6:4 : 1 ratio.
In the 4.15-4.65 ppm region, a signal of the single
methine proton of the thietane cycle is displayed. The
signals of the thiocarbamide NH protons appeared at
7.10-7.55 ppm.

RESULTS AND DISCUSSION

The antioxidant activity of the synthesized com-
pounds in the elementary stages of the inhibition of
cumene oxidation was studied in the reactions of these
compounds with cumyl peroxide radicals and the
cumyl peroxide itself. Cumene was used as a model
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hydrocarbon, since its oxidation mechanism is well-
documented.

The ability of the compounds of interest to terminate
oxidation chains in the reaction with cumene peroxide
radicals was studied using the AIBN-initiated oxidation of
cumene at 60°C as an example. As is seen in Fig. 1, the
process in the case of the initiated oxidation of cumene is
suppressed in the presence of compounds I-VL.

From the induction period (t), the stoichiometric
inhibition factor (f) defined as the number of oxidation
chains terminated per inhibitor molecule and the prod-
ucts of its transformation was calculated: f =
TW, /[InH],, where T is the induction period (s), W;is the
initiation rate (W, =2 x 10~ mol 1"'s™! under the given
experimental conditions) [15], and [InH], is the initial
inhibitor concentration.

The rate constant for the reaction of the inhibitors
under study with cumene peroxide radicals (k;) was cal-
culated from the oxygen absorption kinetics [15, 16].
For this purpose, the oxygen uptake rate curves were
transformed from the A(O,)-T to the A(O,)-t!' coordi-
nates; then, the slope of the straight line (tan o)
expressed by

_ fk,;[InH],

t [
mo = CIRHTW,
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Fig. 1. Kinetic curves for the initiated oxidation of cumene
in the presence of synthesized compounds II-V at 60°C.

VO2 is the oxygen volume (ml), 7 is the time (min), [[nH] =

0 cqy=3x10"mol I!, and ¢gp_y, =5 x 10°-5 mol I"".

according to [15] gave k; as

3 tanok,[RH]W,
7 fllnH],

where k, = 1.51 1 mol™" s7! is the propagation rate con-
stant [13] and [RH] = 6.9 mol I,

Table 2. Kinetic parameters for the reactions of 3-thietanylthiocarbamides I-VI with cumyl peroxide radicals and the cata-

lytic decomposition of cumene hydroperoxide

Com- T = 60°C, [AIBN] =2 x 107 mol I"! T =110°C
pound Formula
no. f k;x 10*1mol™! s7! K1mol!s™! v T, min
_CH,
I S. 'CH—N=C=S 0.96 2.23 32 82000 80
\ 7
CH,
S
I S\ _CH—NHCNHCH,C¢Hj5 34.00 7.05 125 586000 250
CH, l
/CI:IQ
I S\ _CH—NHCNHCgH3; 2.08 3.27 22.05 58000 120
CH, 4
SCH
v S\ ,CHNHCNHCcH,OCH;—2 2.20 3.19 30 86000 138
CH, A
/Cl:lz
\Y S\ CHNHCNHC,(H;—2 2.40 2.35 49 90000 120
CH, 4
/CI:IZ
VI S. ,CHNHCN 2.25 2.00 24 72000 95
N Il
CH, S
PETROLEUM CHEMISTRY Vol. 49 No.5 2009



430

20 60
40 80

100 140 180 220 260 300
120 160 200 240 280
t, min

Fig. 2. Kinetic curves of the cumene autooxidation in the
presence of the synthesized compounds: T'=110°C, V,, is
the oxygen volume (ml), ¢ is the time (min), and the other
parameters are the same as specified in the legend to Fig. 1.
[InH] (mol 1Y) (1) 0.

The data presented in Table 2 show that the value of
the stoichiometric factor f for compounds I-VI ranges
from 0.96 to 34. The inhibition rate constant k; varies
from 2.00 X 10 to 7.05 x 101 mol ! s7!.

The data in Table 2 also indicate that the reaction of
3-thietanylthiocarbamides I-VI with cumene peroxide
radicals reveals a substantial effect of the nature of the
substituent in the thiocarbamide group upon the reac-
tivity toward these radicals. Investigations have shown
that all compounds containing the thioamide moiety
retard the initiated oxidation of cumene.

As is seen from the data presented in Table 2, thio-
carbamide that contains the benzyl radical (IT) multiply
terminates the oxidation chain (f = 34) as compared to
the case of naphthyl, phenyl, and piperidyl radicals, and
displays a very high reactivity toward cumene peroxide
radicals (k; = 7.05 x 10* 1 mol™ s7'). The study of
cumene autooxidation (110°C) in the presence of com-
pounds II-V ([InH] = 5 x 107 mol I"") has shown
(Fig. 2) that these compounds inhibit the autooxidation
process.

The results of the study show that all of the synthe-
sized compounds actively decompose cumene hydrop-
eroxide (Figs. 3a, 3b). The autocatalytic character of
the rate curves suggest that CHP degradation is medi-
ated by the products of the conversion of 3-thietanylth-
iocarbamides at the first step in the slow reaction with
cumene hydroperoxide, rather than the reactant substi-
tuted thiocarbamides.

To determine the reaction rate order, we studied the
dependence of the initial rate of the catalytic degrada-
tion reaction of cumene hydroperoxide on the concen-
trations of the reactants and found that the reaction was
first order in both the inhibitor and CHP.
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Fig. 3. Kinetic curves for the catalytic decomposition of
CHP (a) in the presence of 3-thietanylisothiocyanate I at
cay =1x 10* mol I"!, 110°C, and [CHP]; = 0.27 mol 1!
and (b) by the actlon of compounds LIV, and Vatcqy v, vy =
5% 107 mol I"! and an initial CHP concentration of
0.32 mol I'!; 7 is the time in min.

To determine the catalytic factor v of the reaction,
CHP was taken in excess. The values of v were calcu-
lated from the relationship:

_ [CHP]O - [CHP]exc
a [InH], ’

where [CHP], and [CHP],,. are the initial and final con-
centrations of cumene hydroperoxide, respectively,
andv shows how many CHP molecules are decomposed
by one inhibitor molecule. One molecule of test inhibi-
tors I-VI decomposed a few thousand CHP molecules.
The highest catalytic activity is displayed by compound
II. One molecule of this compound decomposes
5.86 x 10° CHP molecules.
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