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Abstract

Treatment of triethylammonium 2-oxo-1-(2-oxoindolin-3-ylidene)-2-phenylethane-1-thio-
late with y-bromoacetoacetanilide or phenacyl bromide in DMF leads to the formation of
the corresponding S-alkylation products. It has been established that the initial thiolate
exhibits an antidote effect against the herbicide 2,4-D in a laboratory experiment on sun-
flower seedlings.
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1. Introduction

The chemistry of a-thiocyanocarbonyl compounds is a promising field in modern
organic synthesis, due to their significant synthetic potential and the valuable practical
properties of the resulting products [1,2]. The synthesis and properties of compounds con-
taining a thiocyanate functional group have been reviewed in several publications [1-8].

It is known from the literature that thiocyanatoacetophenone 1 reacts with isatin 2 in
the presence of triethylamine to form triethylammonium 2-oxo-1-(2-oxoindolin-3-yli-
dene)-2-phenylethane-1-thiolate 3 [9-11] (Scheme 1). Despite its multifunctional nature
and the obvious potential for numerous transformations, the reactions of thiolate 3 have
not been sufficiently studied. In particular, there are no examples in the literature of even
simple transformations such as S-alkylation. We decided to investigate these reactions, as
well as some properties of thiolate 3.
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2. Results and Discussion

The starting phenacyl thiocyanate 1 was obtained from phenacyl bromide 4 and am-
monium thiocyanate in acetone. Thiolate 3 was prepared according to a known procedure
[9]. The structure of thiolate 3 was confirmed by NMR and IR spectroscopy. For example,
Figure 1 shows the 'H NMR spectrum of thiolate 3.

The '"H NMR spectrum shows signals for the protons of the CHsCH2 group of the
triethylammonium ion: a triplet at 0 1.139 ppm and a quartet at d 3.04 ppm, a set of signals
for aromatic ring protons, and a signal for the NH proton at & 9.54 ppm (Figure 1).
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Figure 1. '"H NMR spectrum of crude thiolate 3 (DMSO-ds, 400 MHz).

We studied the alkylation of compound 3. Thus, treatment of thiolate 3 with y-bro-
moacetoacetanilide or phenacyl bromide in DMF led to the formation of the S-alkylation
products 5 and 6, respectively (Scheme 2). The structures of 5 and 6 were also confirmed
by the results of spectral studies. For example, Figures 2 and 3 show the 'H NMR spectra.
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Minor signals at & 10.057 ppm and © 5.285 ppm are noteworthy. We believe these
signals correspond to the NH and =CH- protons of the enol tautomer 5A, which consti-
tutes approximately 10% of the mixture in DMSO-ds solution.
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Figure 2. '"H NMR spectrum of compound 5.
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Figure 3. '"H NMR spectrum of compound 6.

The spectrum of compound 6 (Figure 3) shows a singlet for the isatin NH proton at d
10.55 ppm, as well as an AB-pattern for the protons of the SCH: fragment (3 = 17.4 Hz).

To determine the potential biological activity of compounds 3, 5, 6, we performed a
predictive in silico analysis using the SwissADME [12] and admetSAR [13] services. Thi-
olate 3 is well-absorbed in the gastrointestinal tract, can permeate the blood-brain barrier,
and inhibits the cytochrome isoform CYP2C9. Compounds 5 and 6 are also likely well-
absorbed in the GI tract but do not penetrate the BBB; they inhibit isoforms CYP1A2,
CYP2C19, CYP2C9, and CYP3A4, but not the CYP2D6 enzyme. Since the synthesized
compounds are predicted to interact with microsomal enzymes, issues of in vivo toxicity
could arise, and this aspect requires further careful evaluation.

An assessment of the agrochemical potential of thiolate 3 on sunflower seedlings
showed that triethylammonium 2-oxo-1-(2-oxoindolin-3-ylidene)-2-phenylethane-1-thio-
late 3 reduced the inhibitory effect of 2,4-D on seedling root growth by 29-54% when used
at three or more concentrations, and overall acts as an 2,4-D herbicide safener.

3. Experimental

Synthesis of thiocyanato acetophenone (1): a-Bromoacetophenone 4 (60.26 g, 0.3
mol) was dissolved in 120 mL of acetone with gentle heating. Ammonium thiocyanate
(30.0 g, 0.4 mol) was added in portions to the resulting solution with vigorous stirring.
The mixture was stirred for 5 h at 25 °C, after which the product was precipitated with an
excess of cold water. A light-yellow, fine crystalline powder was obtained; yield 47.01 g
(88%). The product is sufficiently pure for further transformations. For analytical purposes,
the product was dissolved in acetone, boiled with activated charcoal, and the filtrate was
treated with a threefold volume of water. M.p. 68-70 °C. FT-IR, v, cm™: 2156 (S-C=N); 1672
(C=0); 1593, 1578 (Ph).

NMR H spectrum (400 MHz, DMSO-ds), o1, ppm: 5.12 s (2H, CHz); 7.55-7.58 m (2H,
H-3 H-5 Ph); 7.69-7.73 m (1H, H-4 Ph); 8.01 dd (2H, 3] =8.3 Hz, 4/ = 1.2 Hz, H-2 H-6 Ph).
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NMR 3C DEPTQ (DMSO-ds), dc, ppm: 41.8 (CHz); 112.9 (SC=N); 128.6* (C3H C°H Ph);
129.0* (C2H C¢H Ph); 134.28 (C' Ph), 134.31* (C*H Ph); 192.4 (C=0). *Signals in antiphase.
Found, %: C 60.82; H 4.01; N 7.77. CoHsNOS. Calculated, %: C 61.00, H 3.98, N 7.90.

Triethylammonium 2-oxo-1-(2-oxoindoline-3-ylidene)-2-phenylethane-1-thiolate
(3). Prepared as reported in the paper [9].

NMR 'H spectrum (400 MHz, DMSO-ds), o1, ppm: 1.13 t (9 H, 3 NCH2CHs, 3/ = 7.1
Hz); 3.03 q (6 H, 3 NCH2CHj, 3/ =7.1 Hz); 6.68 d (1 H, H Ar, 3] =7.1 Hz); 6.80-6.84 (m, 1 H,
H-Ar); 6.91-6.94 (m, 1 H, H-Ar); 7.34-7.44 (m, 3 H, 3 H-Ar); 7.78 (d,2 H, H2H¢ Ph, 3] = 7.2
Hz);8.74 (d, 1 H, H Ar, 3] =7.1 Hz); 9.56 (br s, 1 H, NH).

NMR BC DEPTQ (DMSO-ds), dc, ppm: 8.8* (3 NCH2CHs); 45.7 (3 NCH2CH3s); 107.4*
(C’H isatin); 116.8 (=C-S); 119.4* (C5H isatin); 120.4* (C°H isatin); 123.2* (C*H isatin); 127.1
(C3= isatin); 127.7* (C°*H C°H Ph); 129.1* (C2H C¢H Ph); 131.2* (C*H Ph); 136.8 (C72isatin);
139.0 (C* Ph); 166.5 (C=0 isatin); 184.0 (C3 isatin); 192.8 (C=0). * Signals in antiphase.

Synthesis of 3-oxo-4-{[2-0x0-1-(2-oxoindolin-3-ylidene)-2-phenylethyl]thio}-N-
phenylbutanamide (5) and 3-(2-oxo-1-[(2-oxo0-2-phenylethyl)thio]-2-phenylethyli-
dene)indolin-2-one (6). Thiolate 3 (2 mmol) was dissolved in DMF with stirring and mod-
erate heating, after which 2 mmol of y-bromoacetoacetanilide or phenacyl bromide was
added, respectively. The mixture was stirred with heating (40-50 °C) until complete con-
version of the reagents. The reaction progress was monitored by thin-layer chromatog-
raphy. Upon completion of the reaction, the product was precipitated by adding an excess
of water to the reaction system. The products were filtered off and recrystallized from
methanol for purification.

3-Oxo0-4-{[2-0x0-1-(2-0x0indolin-3-ylidene)-2-phenylethyl]thio}-N-phenyl-
butanamide (5). Yellow powder, yield 78%. NMR 'H spectrum (400 MHz, DMSO-ds), dH,
ppm (for major ketoamide tautomer): 3.59 s (2H, C(O)CHz); 4.03 AB-pattern (2H, SCHo, 2]
=17.9 Hz); 6.88 d (1H, H Ar, 3 = 7.8 Hz); 7.03-7.11 m (2H, H-Ar); 7.27-7.32 m (3H, H-Ar);
7.50-7.53 m (4H, H-Ar); 7.64-7.67 m (1H, H-Ar); 7.85-7.89 m (3H, H-Ar); 10.11 br s (1H,
C(O)NH); 10.58 br s (1H, NH isatin).

3-(2-Ox0-1-[(2-0x0-2-phenylethyl)thio]-2-phenylethylidene)indolin-2-one (6). Yel-
low powder, yield 94 %. NMR 'H spectrum (400 MHz, DMSO-ds), o1, ppm: 4.51 AB-pat-
tern (2H, SCH>, 7] = 17.4 Hz); 6.88 d (1H, H-Ar isatin, 3] = 7.8 Hz); 7.09-7.13 m (1H, H-Ar
isatin); 7.28-7.31 m (1H, H-Ar isatin); 7.44-7.49 m (4H, H-Ar); 7.60-7.64 m (2H, H-Ar);
7.77-7.78 m (2H, H-Ar); 7.80-7.82 m (2H, H-Ar); 7.92 d (1H, H-Ar isatin, 3] =7.6 Hz); 10.55
s (1H, NH isatin).

4. Biological Studies

The studies of efficiency of the prepared compounds as 2,4-D herbicide safeners was
carried out using sunflower seedlings in All-Russian Research Institute of Biological Pro-
tection of Plants (Krasnodar) via the original technique [14] as follows: germinated sun-
flower seeds with 2—4 mm long embryo roots were placed in a solution of 2,4-dichloro-
phenoxyacetic acid (2,4-D) with concentration 10-3% (by weight) for 1 h to achieve 40-60%
inhibition of hypocotyls growth. After the herbicide treatment, the seedlings were washed
with pure water and placed into a solution of the tested compound (concentrations 10-2,
103, 10#4, or 10-%, “herbicide + antidote” experiment). After 1 h the seedlings were
washed with pure water and placed on paper stripes (10 x 75 cm, 20 seeds per stripe). The
stripes were rolled and placed into beakers with water (50 mL). The reference group of
seedlings (“herbicide” experiments) was kept in 2,4-D solution (10°%) for 1 h and then in
water for 1 h. The “control” sample seedlings were kept in water for 2 h. The temperature
of all the solutions was maintained at 28 °C. The seedlings were then thermostated for 3
days at 28 °C. Each experiment was performed in triplicate, 20 seeds were used in each
experiment. The protecting (antidote) effect Ar was determined was determined as a ratio
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of hypocotyls (or roots) length in the “herbicide + antidote” experiments to the length in
the reference group. The statistical processing of the experimental data was performed
using the Student t-test, p = 0.95.
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