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Cytotoxic Activity
Three novel Schiff bases: salicylaldehyde methanesulfonylhydrazone (1), 2-hydroxyacetophenone methanesulfonylhydrazone (2) and 2-hydroxy-1-naphthaldehyde methanesulfonylhy
drazone (3) have been synthesized. Compounds 1-3, as well as acetone methanesulfonylhydra
zone (4) have been characterized by TLC, 'H NMR and IR spectra. The spectroscopic results
for 1-3 have revealed the presence of an intramolecular hydrogen bond between the hydroxyl
group and the imine N atom. The conformational isomerism of 1-4 with respect to the rota
tions around the SN and NN bonds have been studied by the method of molecular mechanics.
Compounds 1-4 and methanesulfonylhydrazine exhibit antibacterial and cytotoxic effects.

Introduction
Sulfonamide drugs are widely used chemothera
peutic agents with a large spectrum of activity [ 1 ].
Methanesulfonamide derivatives possess a cyto
static effect, and some sulfonamides, like Amsacrine, find application in cancer chemotherapy
[2 - 5]. The methanesulfonamide group has been
shown to be a suitable pharmacophoric equivalent
to replace functional groups in drug design [6 ],
Many compounds containing a hydrazine frag
ment, e. g. carboxylic acid hydrazides and their
Schiff bases, show cytostatic activity [7]. A po
tent antineoplastic effect was registered for some
sulfonylhydrazines [8 ]. Methanesulfonylhydrazine
(MSH), CH 3 S(0 )2 NHNH 2 , is the simplest or
ganic representative of the compounds contain
ing both a sulfonamide and a hydrazine frag
ment. Recently we studied the structure and vi
brational spectra of this compound [9]. In the

light of the above-mentioned, methanesulfonylhy
drazine and its condensation products with car
bonyl compounds could be of interest as pharma
cologically active substances. Only few methanesulfonylhydrazones have been described in the lit
erature [ 1 0 , 1 1 ] and they are not characterized in
detail.
Here we report the synthesis, 'H NMR and IR
spectroscopic characterization, and the molecular
mechanics conformational analysis of three novel
Schiff bases: salicylaldehyde, 2-hydroxyacetophenone, and 2 -hydroxy- 1 -naphthaldehyde methanesulfonylhydrazones (1, 2 and 3, respectively, see
Fig. 1). Acetone methanesulfonylhydrazone (4)
was also included in the series. Although de
scribed in the literature [ 1 0 ], this compound has
not yet been thoroughly characterized. Preliminary
results from the antibacterial and cytotoxicity as
say of 1-4 and the parent compound MSH are also
presented.
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Table I. Elemental analyses and physical properties of Schiff bases 1 - 3 .
Compd.
No

C

Analysis: found (calcd) [%]
H
N

1

44.38
(44.85)

2

47.13
(47.36)
54.45
(54.53)

3

4.49
(4.70)
5.13
(5.30)
4.02
(4.58)

12.92
(13.08)
12.17
(12.27)
10.60
(10.60)

Appearance

M. p. [°C]

S
14.41
(14.96)
13.53
(14.05)
12.33
(12.13)

colourless
plates
colourless
needles
colourless
needles

R f; Solvent system3
I
II
III

134

0.28

0.49

0.90

160-161

0.28

0.51

0.92

182-183

0.32

0.53

0.92

a I: petroleum ether-dioxane-methanol (20:5:2), II: benzene-methanol (10:1), III: benzene-acetonitrile (30:37) saturated
with water.
front
R f = 0 .9 0

R f = 0 .5 9
R f = 0 .4 8

R f = 0 .3 2

R f = 0 .1 8

sta rt

Cytotoxicity assay
Cell lines. Our experimental system was based on
the following transformed cell lines: SK-MEL 3, human
melanoma established from the lymph node metastasis,
and LAMA-84, human chronic myeloid leukemia in blast
crisis. Both cell lines were grown as suspension cultures
(RPMI 1640 medium supplemented with 10% FCS) at
37°C in an incubator with humidified atmosphere and 5%
CO2. Cells were passaged 2-3 times a week to keep them
in log phase.
M TT Assay fo r cell survival. 3-(4,5-Dimethylthiazol2-yl)-2,5-diphenyltetrazolium bromide (MTT) and the re
maining chemicals were from Sigma. Cells were seeded
in 96-well plates (100 ^1/well at a density of 1• 105
cells/ml) and exposed to various concentrations of the

Fig. 2. TLC on silica gel of compound 4
(a) and methanesufonylhydrazine (b) in
different solvent systems: A, benzenemethanol (10:1): B, benzene-acetonemethanol (10:4:1); C, benzene-acetonemethanol (5:5:2).
tested compounds in DMSO for 48 h. The cell survival
fraction was determined with the MTT dye-reduction as
say as described by Mosmann [17], with some modifica
tions. Briefly, after incubation with the test compounds,
MTT solution (10 mg/ml in PBS) was added (10 yul/well).
Plates were further incubated for 4 h at 37°C, and the
formazan crystals formed were dissolved by adding 100
H1/well of 5% formic acid. Absorption was measured by
an ELISA reader (Uniscan Titertek) at 580 nm, reference
filter 690 nm. For each concentration, 6 wells were used.
RPMI 1640 (100 p\) medium with 10 p\ MTT stock and
100 p \ 5% formic acid was used as a blank solution.

Results and Discussion
The analytical results and some physical proper
ties of the novel Schiff bases 1-3 are summarized in
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Table II. 1H NMR data for compounds 1 - 4 in DMSO-d6.
Compd.
No

Signal
assignment“

Chemical shift [ppm],
multiplicity, relative intensity5

1

CH ,
C (5)H ;C(3)H
C(4)H
C(6)H
HC=N
NH
OH
CH,C=N
CH ,S
C(3)H; C(5)H
C(4)H
C(6)H
NH
OH
CH,
C(3)H
C(6)H
C(7)H
C(5)H
C(4)H
C(8)H
HC=N
NH
OH
(C H ,)2C=N
CH ,S
NH

3.06, s, 3H
6.88, ipt; 6.90, ipd, 2HC
7.26, ddd, 1H
7.60, dd, 1H
8.27, s, 1H
10.21, s, br, 1H
11.00, s, br, 1H

2

3

4

2.31, s, 3H
3.08, s, 3H
6.89, ipd; 6.90, ißt, 2HC
7.29, ddd, 1H
7.55, dd, 2H
10.45, s, br, 1H
11.68, s, br, 1H
3.13, s, 3H
7.22, d, 1H
7.39, ddd, 1H
7.57, ddd, 1H
7.87, ipd, 1H
7.91, d, 1H
8.52,
1H
8.93, s, 1H
11.10, s, br, 1H
11.25, s, br, 1H
1.82, s, 3H; 1.92, s, 3H
2.95, s, 3H
9.40, s, br, 1H

Coupling constant [Hz]

V(C(3)H,C(4)H)=8.4,V(C(4)H,C(5)H)=7.2
V (C(5)H,C(6)H)=8.3,4/(C(3)H,C(5)H)=0.8
47(C(4)H,C(6)H)=1.6,-V(C(3)H,C(6)H)=0.5

V (C(3)H ,C(4)H )=8.2,V (C(4)H ,C(5)H )=7.3
V (C (5)H ,C (6)H )=7.8,47(C(3)H,C(5)H)=1.0
47(C(4)H.C(6)H)=1.6, V(C(3)H,C(6)H)=0.6

V(C(3)H,C(4)H)=9.0, V(C(5)H,C(6)H)=7.9
3/(C (6)H ,C (7)H )= 7.0,37(C(7)H,C(8)H)=8.5
4/(C (4)H ,C (5)H )=0.3,47(C(5)H,C(7)H)=1.4
47(C(6)H,C(8)H)= 1.0, V(C(3)H,C(5)H)=0.0
V(C(4)H,C(6)H)=0.0, V (C (4)H ,C (8)H )=0.1
5y(C(5)H,C(8)H)=0.2

a Atom numbering is according to Figure I. b Notations: br - broad, d - doublet, dd - doublet of doublets, ddd three-fold doublet, s - singlet, t - triplet, ip - p seud o .c Partially overlapping signals.

Table I. They are colourless cristalline solids, sta
ble at normal conditions and soluble in methanol,
ethanol, acetonitrile, dimethylformamide, DMSO;
poorly soluble in benzene and water.
An interesting TLC behaviour was observed for
the acetone derivative (4), as illustrated in Fig. 2.
When chromatographed on silica gel together with
MSH with benzene-methanol (10:1) solvent sys
tem, it exhibits two spots connected with a tail, the
less mobile spot having the same Rf value as MSH.
In the benzene-acetone-methanol (10:4:1) system
(containing 27% of acetone), both compounds give
a pair of tailed spots, the less mobile one being
less intensive. When the benzene-acetone-methanol
(5:5:2) system (42% acetone) is used, both sub
stances give single spots with the same Rf values.
These results show that on the silica gel layer the hydrazone 4 undergoes reversible hydrolysis to MSH

and acetone, and two spots are observed for both
samples: the less mobile spot being due to MSH
and the more mobile one to the acetone methanesulfonylhydrazone. The presence of acetone in the
solvent system shifts the equilibrium in the direction
of the hydrazone; when the acetone concentration
is enough high, the hydrolysis is totally suppressed
and only the spot of the hydrazone is observed for
both samples. The described feature was not ob
served for the hydrazones 1-3, which gave single
spots in the systems explored.
NMR sp ectra

1H NMR data of DMSO-d 6 solutions of the com
pounds studied are collected in Table II. The com
parison of the spectra of the aldehyde (1 and 3)
and ketone (2 and 4) derivatives facilitates the
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Fig. 3. Experimental and calculated ’H NMR spectra of Schiff bases 1 - 3 (DMSO-dft solution) in the arene region
with assignment of the signals.

distinguishing of the signals of the methyl pro
tons from the C H 3C=N and CH 3 SO 2 fragments,
the assignment of the latter being in accordance
with the data from [11]. A pair of signals was ob
served for the (CH 3 )2 C=N moiety of 4, due to the
non-equivalence of the two methyl groups. The po
sitions of the signal of the HC=N protons in the
spectra of 1 and 3 are in agreement with the data for
other salicylaldehyde Schiff bases [1 8 -2 1 ].
Salicylaldimines and related compounds could
be regarded as potentially tautomeric systems, a
phenol-imine and a quinoid form. For a vast number
of salicylaldehyde Schiff bases it has been shown,
however, that only the phenol-imine structure is
found under normal conditions [18 - 22]. The NMR
spectra suggest that this is also the case with the
Schiff bases 1-3. Thus, the signals of the HC=N
protons show no splitting, and the positions of the
signals of the ring protons are typical for arene,
rather than for quinoid protons [23],

The assignment of the NH and OH signals of
compounds 1-4 was confirmed by deuterium ex
change. Although these are sometimes difficult to
distinguish, the NH signals of several methanesulfonylhydrazones of benzaldehyde and its 4substituted derivatives have been assigned in the
range of 11.3-11.5 ppm [11], and the OH signals
of a large series of salicylaldehyde Schiff bases in
the range of 11.82-14.00 ppm [19 - 21]. Our ten
tative assignment conforms with these data. The
large down-field shifts of the OH signal of 1-3 are
noteworthy, and could be explained by the exis
tence of an intramolecular hydrogen bond between
the hydroxyl group and the imine nitrogen atom, as
also suggested for many salicylaldimine derivatives
[1 8 -2 2 ],
In the region of arene protons, 1 and 2 exhibit
three groups of signals, and 3 six signals, which
were assigned as given in Fig. 3 and Table II.
These assignments were made taking into account
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Table III. IR spectral data (t>, cm 1) for compounds 1 - 4 in KBra.
Compound No

Assignment

1

2

3

4

3210s, 3184sh

3203s
3079w, 3045w,
3020sh

3210s
3067w, 3054w,
3033w

3212s, 3152s

3006m, 2983w,
2940m, 2882m

3016m, 297 lw,
2935m, 2908sh,
2850w

3010m, 2979sh,
2930m, 2900sh

3020m, 2998m,
2962w, 2935m,
2924m

2832w, 2797w,
2759w, 2669w

2820sh, 2793w,
2749w, 2727w,
2633w

2830w, 2753w,
271 Ow, 2690w,
2660w

1625m

1622m

1624m

1611m, 1582m,
1508m, 1494m

1603s, 1573w,
1500m

1604m, 1582m,
1525w

1473m, 1450m,
1412m, 1361m,
1351m

1451m, 1425sh,
1410s, 1389m,
1370m, 1339s

1474m, 1460sh,
1417m, 1380m,
1362m

1438sh, 1424s,
1401s, 1378sh,
1365m

<$(CCH)Ar, <5(CCH)Me,
<5(NH)

1320s

1322s

1332s, 1314sh

1272s, 1245m,
1220w, 1204m

1286m, 1250s,
1217w, 1193m

1328s, 1315 sh
1268s

isa(S 0 2)
<S(CCH)Ar, v(CO),
u(CC), <S(COH)

1151s
1119m, 1085m,
1032m, 987s

1299s, 1250s,
1241s, 1172sh
1153s
1090m, 1045m,
1034m, 990m

1166s, 1146sh

1169s, 1150s

^ s( S 0 2)

1105m, 1086m,
1075m, 989s

1090s, 1078sh,
1020m, 972s

6(CCH)Ar, /9(CH3),
u{ NN)

969m, 949m,
926m

970s, 935w,
905m

968m, 954m,
933m

912m

7(CH)nch, 7(CH)Ar,
p(CH3), HCC)

871 w, 854w

876sh, 862w,
840w

872sh, 863m,
835m, 821m

818s

7(CH )Ar, i/(SN)

784m, 766m,
757m, 718m,
695w

778s, 746s,
727s

782m, 746s,
720w, 689w

769s

7(C H )Ar, K C S)

668m, 649w,
610w

670m, 622m

665m, 630w

654m

7(CH )Ar, <S(NH)

574m, 537w

585sh, 550w,
535m
522m

562s

7(C H )Ar, <5(CCN)

520m

583w, 565w,
528m
515m

<$(so2)

483m, 466w,
452w, 427w

498w, 485m,
455w, 423w

500w, 468m,
438w, 427w

523s
490m, 447w

3070m, 3042m,
3020m

//(NH)
i/(CH ) af,

^(C H ) nch

K C H )Me

j/(OH)

1654m, 1636sh

i/(C=N)
i/(CC)Ar

7(C H )Ar, t(C=N),
w (S 0 2), p (S 0 2)

Notations: m: medium, s: strong, sh: shoulder, t: torsional, w: weak, 6: bending, 7 : out-of-plane deformation,
v. stretching, p: rocking, uj: wagging.

the shielding effect of substituents and the specific
splitting patterns in arene spin systems [23, 24]. As
seen from Fig. 3, the protons at C(3) and C(5) of
compounds 1 and 2 give partially overlapping multiplets. In order to verify our assignments (Table II),
and to obtain more accurate spectral parameters,
we performed a quantum-mechanical analysis for
the four-spin (1 and 2) and six-spin (3) systems of
arene protons by means of the LAOCOON iterative

programme. Comparison between the experimental
and the simulated spectra with the optimized pa
rameters is presented in Fig. 3.
IR spectra

The IR data of compounds 1-4 are summarized
in Table III. The assignment of the bands was
made taking into consideration the literature data for
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X N

r c +g-,E-

t +g +G~,E+

G+g - r , E -

l t A E = 0 .0 kJ/m ol
«3' = - 1 5 3 ° . « o '= 8 1° . x = - 3 6 °
Y /'=—1 7 2 ° . ^ ' = - 8 °
2 : A E = 0 .0 kJ/m ol
{£>’= - 1 5 6 ° . <p‘= 7 9 ° . x = - 3 9 °
y i’= - 1 7 1 ° , i0 ’ = - 8 °
3: A E = 0 .0 kJ/m ol
« > '= -1 5 3 ° . cp' = 8 2 ° . x = - 3 6 °
y>-= - 1 7 0 ° .

1: A E = 6 .8 kJ/mol
# > '= 1 6 7 °. « ) '= 4 1 ° , x = —7 6 °
V - 1 7 2 0 . '4>'=9°
2 i A E = 6 .6 kJ/m ol
= -7 9 °
* > '= 1 6 6 ° . « > '= 3 9°
1 ^ = 1 7 3 ° . 10’= 9 °
3: A E = 6 .9 kJ/m ol
< o '= 1 6 8 °, «o‘= 4 1 ° , x = - 7 6 °
1 7 4 °, V "= 9°

ls A E = 12.1 kJ/m ol
<p‘= 8 7 ° , « > '= - 4 2 ° . x = ~ 1 5 8 °
V - - 1 7 2 0 . V'’ = - 9 °
2 : A E = 1 1 .3 kJ/m ol
<£>=88°, «>’ = - 4 0 ° . x = - 1 5 6 °
y = - 1 7 1 ° , V'"= - 8 °

4: A E = 0 .0 kJ/m ol

4. A E = 7 .9 kJ/m ol

4i A E = 1 3 .6 kJ/m ol

3: A E = 1 1 .8 kJ/m ol
« 5 = 8 8 ° . «>"=—4 0 ° , x = - 1 5 6 °

-^'=-171°, V‘=-8°

« > '= 8 8 °, « > " = -4 1 °. x = ~ 1 5 7 °

= -3 5 °

« > '= 1 6 7 °, <d ' = 4 0 ° . X= - 7 8 °
-0 -1 7 3 ° , V = 9 °

t +g +G-,Z~

G+g~ r,z+

I t A E —19.1 kJ/m ol
« > ■ = -1 6 8 °. < p '= 6 7 °. x = - 5 2 °
V '= 3 ° , V '= 1 6 9 °
2s S uch K/EC n o t found

1: A E = 1 4.7 kJ/m ol
« > '= 1 6 9 °, « > '= 4 3 0 , X = “ 7 6 °
^ ■ = -9 0 , ' ^ ' = - 1 7 2 °

l t A E = 1 4 .0 kJ/m ol
« > •= 8 0 °. «>’ = - 4 8 ° . X = - 1 6 4 °
1 0 '= 7 °, 1 0 '= 1 7 O °

2 i A E = 3 8 .7 kJ/m ol
< o '= 1 7 3 °. <o '= 4 8 °, x = ~ 7 3 °
^ ’= - 8 ° . 1 0 * = -1 7 3 °
3 t A E = 1 4.3 kJ/m ol
« 5 = 1 6 9 ° . «>’ = 4 3 ° . x = - 7 5 °
V > '= -8 °, V',,= - 1 7 2 0
4. A E = 3 2 .7 kJ/m ol
« > '= 1 7 1 °. <d" = 4 6 ° . x = - 7 5 °
1 0 '= - 6 0 . 10’ = —1 7 2 °

2 : A E = 3 5 .6 k J /m o l
« > '= 7 5 °, « > '= - 5 5 ° . x = - 1 7 0 °
y = 5 ° . V'"= 1 7 0 °
3 : A E = 1 3.6 k J /m o l
< 0 = 8 0 ° . « 5 '= - 4 8 ° , x = - 1 6 4 °
y = 7 °,
4i A E = 3 0 .2 k J /m o l
«>’= 7 7 ° . «>"=—5 3 ° , x = - 1 6 8 °
- ^ = 5 ° . 10"= 1 7 0 °

< o '= -1 5 2 ° , « 5 '= 8 3 ° .
Vi ‘= - 1 7 1 ° . i £ ' = - 7 °

x

r c +g -,z+

3 : A E = 1 8 .4 kJ/m ol
« > '= - 1 6 7 ° . « > '= 6 8 ° . x = - 5 2 °
V = 4°. V = 1 69 °
4: A E = 3 6 .9 kJ/m ol
«>'=—1 7 3 ° , «5’= 6 4 ° . x = - 5 9 °
10 = 2 ° . V ’ = 1 7 2 °

V'=-171°, ifl'=-8°

i0’=17O°

Fig. 4. Molecular mechanics (MM) obtained minimum-energy conformations (MECs) o f compounds 1 - 4 (see Fig.
1) arising from the rotations around the SN and NN bonds. Only the SNNC fragment with its nearest surroundings is
depicted; all the atoms shown (except the terminal ligands at the S atom) are almost coplanar with the arene ring and
the hydroxyl group in 1 - 3. The first three letters of the MEC notations refer to the torsional angles (TAs) O ’SNN,
0"SN N and CSNN, respectively: t - trans (TA between 120 and 180°), G - gauche with TA between 60 and 120°, g gauche with TA between 0 and 60°, with the corresponding sign; the last letter refers to the TA SNNC (E - entgegen,
Z - zusammen). The relative energies of the MECs are given, the total MM energy of the lowest-energy conformation
for each compound being taken as zero (the absolute MM energies for the lowest-energy conformation are: 27.7 (1),
45.8 (2), 78.1(3) and 26.1 (4) kJ/mol). There are six more MECs, each af them being a mirror image of one of the
MECs depicted; their notations are the same but with alternative signs (e. g. t~ G +g~,E ~ and t+G ~g+,E?, respectively).

compounds containing appropriate structural fragments: sulfonamides [25 - 29], sufonylhydrazines
and sulfonylhydrazones [9, 11, 21, 30]; methane-

sulfonyl derivatives [9, 11, 25, 31 - 34]; Schiff bases
of salicyaldehyde and related compounds [11, 18 22, 35 - 38]. The positions and the shapes of the
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Table IV. Antibacterial effect of MSH and its derivatives 1 - 4 against Bacillus macerans expressed as percentage of
survived cells with respect to the control.

MSH

1

Compound
2

3

4

Concentration
[mmol/1]

89 (88, 90)a
80 (79,81)
41 (39,43)

82 (79, 84)
71 (63, 79)
28 (16, 39)

79 (74, 83)
52 (49, 54)
17 (14, 19)

84 (81,87)
n. d.b
n. d.b

9 4 (9 1 ,9 6 )
90 (85, 94)
42 (42, 42)

0.1
1.0
4.5

a The arithmetic mean of two results (with their values, in parentheses).b Not determined.
Table V. Cytostatic effect of MSH and its derivatives 1, 3 and 4 against SK-MEL 3 melanoma expressed as percentage
of living cells with respect to the control.

MSH

1

3

4

Concentration
[/umol/1]

93±5a
99 ± 8
60±2

108±4
96 ± 3
67±7

93±7
91±7
71 ± 5

89± 7
92±9
48±7

10
100
300

Compound

a Arithmetic mean of 6 measurements ± standard deviation.

OH stretching bands in 1 - 3 should be noted. The
bands appear at quite low wave numbers (28322633 cm -1 ) and are split into several components.
The same observation was made for a number of
salicylaldehyde Schiff bases and was explained by
the participation of the hydroxyl group in hydro
gen bonding with the imine nitrogen atom [19, 22,
35, 36], the band splitting being attributed to Fermi
resonance [36].
Conformational analysis by molecular modelling
In order to find out the conformations of com
pounds 1-4 corresponding to minima on the en
ergy hypersurface (minimum-energy conforma
tions, MECs) and their relative energies and geo
metric parameters, the method of molecular me
chanics [39] (MM) was applied.
For 1-3, the spectroscopic results suggested the
presence of H-bonds as shown in Fig. 1. According
to the MM calculations, in the conjugate systems
thus realized all the atoms, except the oxygen atoms
and the methyl group at the sulfur atom, as well as
the hydrogen atoms of the CH 3 O N group in 2 ,
are kept practically coplanar. Similarly, the corre
sponding fragment of 4 was found practically flat:
(CH 3 )2 C=NNHS(0 )2 CH 3 - the coplanar atoms are
underlined. The MECs that arise after rotation by
180° about any of the N=C, N C -C (l) and C (2)-0
bonds in 1-3 are unfavourable because of the break

ing of the H-bonds. Thus, only the MECs arising
from the rotation around the SN and NN bonds
in 1-4 are of interest. Six enantiomeric couples of
such MECs are to be expected and half of them are
schematically depicted in Fig. 4. Based on the data
in Fig. 4, several regularities must be outlined.
For the four molecules discussed, the MECs fol
low the same order in energy. The lowest energy
conformation is of the tGg,E type (for notations,
see Fig. 4; hereafter the signs are omitted from the
MECs' notations, but it should be implied that there
are enantiomeric couples, which are isoenergetic).
In this conformation the smallest among the tor
sional angles XSNN (X = C, O', O") is the CSNN
angle. The electrostatic repulsion between the most
electronegative substituents at the SN bond (the
oxygens and the imine nitrogen) is thus minimized.
Next in energy are the tgG,E and Ggt,E conforma
tions, respectively. Thus the three most stable MECs
belong to the E series, i. e. the bulkiest substituents
at the NN bond are in the transoid orientation. The
most significant factor for the stability of the MECs
of the E series is the Coulombic repulsion. As seen
from Fig. 4, for all the four molecules the corre
sponding MECs of the E series are very similar in
both geometric parameters and relative energies.
The conformations belonging to the Z series are
of higher energy than those of the E group, and this
is expected, since the largest ligands at the NN bond
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are in a cisoid orientation. In this series, however,
the order of stability of the MECs is reversed with
respect to the E series. O f highest energy is the tGg,Z
conformation, where the methyl group at sulfur and
the ligand at the a-carbon (H or CH3) are brought
closest together. The stability of the MECs of the
Z group is determined by the steric hindrance. In
this group, the MECs of the ketone derivatives (2
and 4) have considerably higher energy than those
of the aldehyde derivatives (1 and 3), because of the
increased van der Waals repulsion between the two
methyl groups - at the sulfur and at the a-carbon
atom. This contribution is so significant for com
pound 2, that the most unfavorable MEC, tGg,Z,
cannot be realized; when minimizing this structure,
some of the other MECs are produced. The tGg,Z
MEC is, however, possible for the acetone deriva
tive 4, which is more “flexible” than the aromatic
structure 2 .
According to the MM calculations, the lowestenergy conformation of compounds 1-4 is of the
tGg,E type and the corresponding conformers are
expected to be the most populated. With respect to
the torsional angles around the NS bond, a similar
conformation was found from the single crystal Xray analysis of benzenesulfonylhydrazine [40]. This
leads us to believe that the predictions based on the
MM model for the compounds reported here should
be qualitatively correct.
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comparison, the parent compound MSH were tested
for their antibacterial activity against Bacillus macerans (Table IV). 1, 3 and 4 showed moderate ac
tivity, similarly to free MSH. A more pronounced
effect was observed for 2 .
Cytotoxic effect. 1, 3 and 4, together with the
free MSH, were examined for their antineoplastic
effect on human melanoma cells SK-MEL 3. (Ta
ble V). All of them exhibited moderate cytotoxic
activity at concentrations of 300 /imol/1. Compound
2 was tested against human myeloid leukemia cell
line LAMA-84, expressing the BCR-ABL fusion
protein which is responsible for the cell resistance
to chemotherapeutic drugs [41]. Our initial experi
ments revealed high activity of 2 against this resis
tant cell line: 4±1% living cells with respect to the
control, at the concentration of 100 //mol/1. On the
basis of these positive preliminary results, further
evaluation of the antineoplastic effect of the com 
pounds tested, and especially of 2 , are undertaken.
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