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Abstract. A small series of cyclic sulfone derivatives
were synthesized dtarting from readily available
3-sulfolene. All compounds were tested for plant growth
regulatory activity on the maize seedlings Zea mays.
Obtained results showed the greatest increase in vigor
index, root and shoot length due to the treatment with the
3-sulfolene,  3-amino-4-morpholinotetrahydrothiophene
1,1-dioxide and cis-4-((2,4-dichlorophenyl)amino)-3-
hydroxytetrahydrothiophene 1,1-dioxide.

Keywords: sulfolanes, plant growth regulatory activity,
Zea mays, seedlings, vigor index.

1. Introduction

The chemical utility of 3-sulfolene (butadiene
aulfone) has been dominated by its ability to act as a
platform for the preparation of multi-substituted 1,3-dienes.
Sulfolenes, on the other hand, are known to be competent
Michael acceptors, 2z donor/acceptors in cycloaddition
reactions, and in a few cases also precursors to 1,3-dienes.
Sulfolenes and their derivatives thus represent attractive
building blocks in organic synthesis due to their diverse
chemistry. The sulfonyl function is revealed to possess dual
hydrophilic/hydrophobic  properties, which may be of
dgnificant utility in medicina chemistry applications, so
aulfone moiety, in addition to the decrease of the
lipophilicity, can be involved in the interaction of the
molecules with biological targets. A number of biologicaly
active molecules incorporate a sulfolane function itsdf. We
were encouraged by the fact that compounds possessing a
cyclic sulfone core have reached preclinical or clinical
trials. Hy receptor antagonists, compounds with analgesic,
antipsychotic, HIV-1 protease/neuraminidase inhibitory and
remarkable plant growth regulatory activity (Fig.) [1, 2].
Increasing the yidd of grain crops as well as enhancing the
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plant resistance to biotic and abictic stresses remains an
urgent task, despite a wide range of means in the arsenal of
farmers. One possible route is the use of plant growth
regulators, constituted by cytokinins and gibberellic acids.
However, regulators of this composition do not aways
provide the expected effect [3], especidly the increase in
yidds[4]. At the same time, newly synthesized compounds
can have desired properties, making it worthwhile to study
their influence on plants. Considering this and in a
continuation of our previous contribution in chemistry of
SO.-containing compounds [5-7] we have studied the
reactivity of easily avalable 3-sulfolene in different
reaction pathways aimed to creation of a new plant growth

regulatory agents.

2. Experimental

2.1. General Experimental Details

All solvents were dried and distilled immediately
prior to use. Melting points were determined in open
capillary tubes and reported uncorrected. NMR spectra
were measured on a Varian INOVA Plus 400 spectro-
meter at room temperature. Chemical shiftsare reportedin
parts per million (ppm) with respect to the solvent residual
signal (CDCl; *H: § = 7.26 ppm, *C: & = 77.16 ppm;
DMSO-ds 'H: 8 = 2.50 ppm, C: § = 39.52 ppm) or
TMS. Coupling constants are given in Hz, multiplicities
are given as s (singlet), d (doublet), dd (doublet of
doublets), m (multiplet), and br (broad). LC-MS were
recorded using chromatography/mass spectrometric sys-
tem, which consists of high performance liquid chro-
matograph “Agilent 1100 Series’ equipped with diode-
matrix and mass-selective detector “Agilent LC/MSD SL”
(atmaospheric pressure chemical ionization — APCI). The
elemental anaysis (C, H, N) was performed using Carlo
Erba Strumentazione 1106 analyzer. The anaytical results
were within £0.4 % of the theoretical values. Thin-layer
chromatography (TLC) was performed on Silufol UV-254
plates using diethyl ether and 2-propanol as duents; the
plates were visualized with iodine vapors.
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Fig. Selected biologically active sulfolane-containing molecules

For biological trials were selected isomers | and 11,
amino alcohals Il and 1V, amine V and diamine VI
(Scheme). Starting 3-sulfolene was purchased from
Enamine Ltd (Kyiv). cisAmino acohol I11 and
2-sulfolene |1 were synthesized as described in[1, 8]. The
test objects were the seeds of maize (Zea maysL.) of mid-
early hybrid Khmelnytskyi, originated by the Podilskyi
breeding center (Khmelnytskyi, Ukraine). The seeds were
soaked in agueous solutions of the test compounds at the
concentration of 0.01% for 6h at the temperature of
295 K. Control seeds were soaked in distilled water.
Auxin was taken as a wdl-known standard regulator;
therefore, some seeds were soaked in a 0.01 % auxin
solution. Then, seeds were washed with distilled water
and placed in Petri dishes (30 seeds per dish) on a filter
paper moistened with water. During the following 8 days
the Petri dishes were in a thermostatic chamber at 297 K
in the dark. Identification of germinated seeds was carried
out every 24 h; germinated seeds were examined if root
length was not less than half the length of the seed. At the
end of the experiment, the lengths of the seedling shoots
and roots as well as the wet weight of shoots and roots
were measured. The vigor index of seeds was calculated
according to [9] using the following formula: Vigor index
(V1) = [seedling length (cm) - germination percentage].
Data represent mean value and standard deviation
(M£SD) of three replicates. Significance of the dif-
ferences was estimated using Student’ s t-test (P<0.05). In
silico prediction of LDsp values (for rats) was performed
by GUSAR software[10].

2.2. Synthesis of Main Compounds

cis-4-((2,4-Dichlorophenyl)amino)-3-hydroxytetra-
hydrothiophene 1,1-dioxide IV. A mixture of 0.279g

(2 mmol) 3,4-epoxysulfolane and 0.32g (2mmol) 2,4-
dichloroaniline was heated at 443 K for 5 h under solvent
free conditions. The obtained dark resdue was
recrystallized from EtOH (10 ml) and dried on air. Yidd
0.20g (33%), mp. 393-395K. NMR'H (DMSO-d,
400 MHz), 5 ppm: 3.06 d.d (H*, 1H, J 135 Hz, 4.3 Hz),
3.26 d.d (H®, 1H, J 13.1 Hz, 5.6 H2), 359dd(H561 1H,J
13.5Hz, 64Hz) 3.67dd (Hz‘a1 1H, J 131 Hz, 6.8H2),
416 m (H4 1H), 449 m (H3 1H), 554d (NH, 1H, J
7.1Hz), 593d (OH, 1H, J 25Hz), 6.91d (H", 1H, J
8.7Hz), 7.23d (H", 1H, J 87Hz), 7.41s (H", 1H).
Found, %: C 40.69; H 3.99; N 5.01. C;oH;;CI-NOsS.
Calculated, %: C40.56; H 3.74; N 4.73.

3-Amino-2,3-dihydrothiophene 1,1-dioxide
hydrochloride V. To a mixture of 0.50g (3.3 mmol) cis
amino alcohol 111 in 15ml of dry THF 0.39g (0.22 ml,
3.3mmol) of freshly distilled chlorosulfonic acid were
added dropwise upon dtirring. The reaction mixture
refluxed for 12 h, then solvent was evaporated in vacuo
and the residue was triturated with diethyl ether. Theyield
of semi-product was 0.75 g (98 %). The obtained salt was
stirred with 16 ml of 5 % agueous solution of sodium
hydroxide for 24 h at r.t. The product was extracted with
DCM (4x50 ml), combined organic layers dried with
Na,SO, and concentrated in vacuo to obtain an oily
residue. After adding 4.9 ml of 1M isopropanoalic solution
of HCI, the solid product was filtered and dried on air.
The yield was 0.47 g (83 % after two steps), m.p. 508—
513 K. NMR 'H (DM SO-ds, 400 MHZ), d, ppm: 3.34d.d
(H? 1H, J 138 Hz, 4.7 Hz), 3.75 d.d (H?®, 1H, J 13.9 Hz,
8.1Hz), 474s (H3 1H), 6.99d (H°, 1H, J 6.4 Hz), 7.43d
(H*, 1H, J 5.2 Hz), 9.03 s (3H, NH5"). Found, %: C 28.42;
H 4.61; N 8.00. C4HgCINO,S. Calculated, %: C 28.32; H
4.75; N 8.26.
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3-Amino-4-mor pholinotetrahydrothiophene 1,1-di-
oxide dihydrochloride VI. To a mixture of 0.34g
(2 mmol) hydrochloride V in 15ml of MeOH 0449
(0.43 ml, 5 mmol) of morpholine were added and refluxed
for 20 h. The solvent was evaporated in vacuo and the
residue was triturated with water (3 ml). An insoluble in
water material was then dissolved in 30 ml of diethyl
ether, dried with Na,SO,for 8 h and filtered. Dry HCI was
bubbled through ether solution of diamine, solid product
was filtered and triturated with dry acetone to obtain
0429 (71%) of dihydrochloride as white powder.
M.p.>523K (dec.). NMR'H (DMSO-ds, 400 MHZ), 4,
ppm: 3.03m (H% 2H), 3.13m (H°, 2H), 357m
(Hmorpholinea 1H)! 3.80m (Hmorpholinea 7H)! 423 m (H4! 1H)!
4.44m (H3, 1H), 9.10 br.s (3H, NH5"). LC-MS spectrum,
m'z 221.2 [M+H]" (free base). Found, %: C 33.02; H
6.30; N 9.26. CgH15ClN,O3S. Calculated, %: C 32.77; H
6.19; N 9.55.

3. Results and Discussion

We started this work investigating the synthesis of
a small series of sulfolane-containing products starting
from readily available 3-sulfolene | (Scheme). Base
catalyzed isomerization of | gave 2-sulfolene Il in
moderate yield as described in [8]. On the other hand, 3,4-
epoxysulfolane was easily prepared by epoxidation of
starting 3-sulfolene | using hydrogen peroxide. This
epoxide serves as a building block for the preparation of
three new sulfone derivatives IV-VI. Aminolysis of 3,4-
epoxysulfolane by ammonia in agueous media leads to a
very complex mixture of products with unresolved
stereochemistry. Using our origind methodology, we
synthesized the simplest cisamino alcohol II1 in
stereochemically pure form (confirmed by RDX analysis
and 2D NMR spectra) in 42 % yield [5]. Reaction of 3,4-
epoxysulfolane with 24-dichlorcaniline was performed
by heating of the reaction mass at 443 K under solvent
free conditions and leads to cisamino alcohol V.
Diamine VI was then synthesized as a two-step procedure
via nucleophilic addition of morpholine to the activated
double bond of the corresponding enamine V. The NMR
spectra of all products showed full correlation with
proposed structures. More detailed information about
NMR spectral features of 3,4-disubstituted sulfolanes can
be obtained from our very recent work [5].

Next, we evaluated the effect of synthesized com-
pounds on the corn seeds germination and the seedlings
early development in order to find the most promising
samples. The length and wet weight of the corn seedlings
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differed from the control parameters under the action of
each tested regulator. The obtained experimental results
are summarized inthe Table.

In accordance with the levels of the vigor index,
the most increase in the germination and early
development of the corn seedlings was caused by the
action of 3-sulfolene |, diamine VI and aromatic amino
alcohal 1V. The same compounds, as well as amino
alcohal 111, determined the greatest e ongation of the roots
together with an increase in root wet weight. As the high
efficiency of germination and earlier formation of the root
systemin the field provides plants with more moisture and
nutrients [9], thus mentioned compounds may be of
interest as a regulator of root growth. The effect of auxin
was in a sharp decline in the root length (30% below
control, P< 0.05), but increase in the root wet weight. The
weak stimulating effect of auxin and inhibition of plant
growth in the darkness could be due to the fact that the
endogenous auxin level in the plant elongation zone was
optimal and did not require exogenous application [3].
Significant increase in length of the shoots of the maize
seedlings was caused by the action of compound | only
(13% above control, P< 0.05), while increase in the
weight of shoots was unrdiable. In this case, the
A3-isomer | is much more active than the A%isomer |1.
Thus, the influence of most of the compounds studied led
to a decrease in the growth of shoots of corn seedlings and
should be evaluated as a negative effect. However,
reducing the length of shoots can be a desired result if
necessary to control the excessive height of maize plants
[11]. At thet rate, the action of amino acohal |11 was the
srongest in the indicated direction (shoot length increasing
to 14 % below control, P< 0.05). We have aso evaluated
the toxicity of studied derivatives. In dlico prediction of
acute toxicity for al compounds performed by GUSAR
software indicate moderate levels of LDsg (for rats) in the
range of 81-1099 mg/kg (subcutaneous route of
adminigtration, Table). It should be noted that 2-sulfolene 1|
has the strongest toxicity among al presented sulfones and
it has the lowest biological activity. Amino alcohols 111 and
IV demondtrate the lowest toxicity in the group.

Therefore, the effects of the studied compounds on
the germination and early growth of maize seedlings of
hybrid Khmelnytskyi were multidirectional. The plant
responses variability was also obtained after the
experimental priming of corn seeds in water with the
addition of auxin, cytokinin, and gibberellic acid [3], due
to the treatment of barley seeds by the different doses of
silver nanoparticles [12] and under the triazole derivatives
action on blackberry plant cuttings [13].
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Scheme. Synthesis of sulfones11-VI garting from 3-sulfolene for biological trials
Table
Effect of synthesized compounds on ger mination and early growth of the maize seedlings (0.01 % solution)
Compound Fina Root length, | Shoot length, Root wet Shoot wet Vigor index
Entry | (LDspin mg/kg - . X
germination, % mm mm weight, g weight, g ()
for rats)
l % *
1 (115.0) 91.2 242.0 136.0 0.270 0.439 34.2
[ * .
2 (81.2) 789 180.1 1144 0.231 0.345 232
[l " " *
3 (809.9) 71.0 2155 104.3 0.292 0.351 226
v "
4 (1099.0) 86.7 2232 1250 0.286 0.396 315
V 3 % L3
5 (189.0) 61.1 206.8 108.6 0.219 0.372 194
Vl % -k %
6 (359.5) 90.0 229.2 117.0 0.296 0.368 31.0
7 Auxin 85.6 137.4* 111.2 0.283 0.410 19.9
8 Control 90.0 196.8 120.6 0.258 0.416 28.6
Note: * the significant differences with control (P < 0.05).
3-sulfolene. Amino alcohol derivatives 1lI, 1V and

4, Conclusions

Unsaturated amino and amino acohol sulfone
derivatives were synthesized starting from butadiene
sulfone using base catalyzed isomerization, hydrogen
peroxide oxidation, epoxide aminolysis, and nucleophilic
addition reactions. Their structures were fully confirmed
by spectral methods. Growth-regulating potential of all
derivatives on maize plants were tested in laboratory
conditions. Compounds |, IV and VI had the most
influence on the increase in vigor index, length of roots
and shoots of the maize seedlings. Shoot wet weight does
not increase significantly under the action of any of the
substances. The most decrease in shoot length was caused
by the action of Ill. Isomers | and Il have completely
different biologica activity with a preference for

diamine VI possess much more strong effects than
unsaturated monoamine V. We envision that synthetic and
biological studies of the novel sulfolanes could be useful
for further expanding the scope of their application.
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CHUHTE3 TA PICTPEI'YJIIOIOYA AKTUBHICTb
NOXITHUX 3-CYJIb®OJIEHY

Anomayin. Cunme308ano psi0 YUKIMHUX CYlbOHOBUX NO-
Xionux 3 3-cynvghoneny, siki 6yiu npomecmosami Ha picmpezynoioyy
aKmusHiCMb Ha npopocmkax Kykypyosu Zea mays. Iloxkaszaro, wo
30UIbWEHHS THOEKCY NPOPOCMAHHSA, A MAKONHC O08MHCUHU KOPEHsL i
cmebna docseanoch 3a805Kku  00pobiennio  3-cynvghonenom, 3
amino-4-wopgoninomempaziopomiogpen-1,1-0ioxcuoom ma yuc-4-
((2,4-0uxnopghenin)amino)-3-ziopokcumempaziopomioghen-1,1-
OIOKCUOOM.

Knrouosi cnosa:. cymvghonanu, picmpezyniooua akmus-
Hicmb, Z€a. Mays, npopocmK, iHOeKC RPOPOCMAHHAL.



