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Abstract

A Valen Schiff-base ligand [1,5-bis(2-hydroxy-3-methoxybenzylidene)thiocarbonohydrazide] and its bismuth(III) complex
were synthesized. The compositions and structures of two compounds were characterized by elemental analysis, spectrometry
(lHNMR, MS, FT-IR, and UV-visible), chemical analysis, molar conductivity, and TG-DTA analysis. The results showed that
the molecular formula of Schiff base and its bismuth(III) complex was C;;H,3s0,N,S (abbreviated as H,L, L=C,;H,,0,N,S)
and [Bi(C,;H,,O,N,S)CI-H,0] (abbreviated as [Bi(L)Cl-H,O]), respectively. Furthermore, the thermokinetic properties
of the action of Schiff base and its bismuth(III) complex on the growth metabolism of S. pombe were studied by bio-
microcalorimetry at 305.15 K. The growth rate constant (k), maximum heat power, generation time, inhibition ratio (/) and
half inhibition concentration (ICs), and their quantitative relationship with the concentration were calculated, respectively.
Experimental results indicated that both Schiff base and its bismuth(IIT) complex could inhibit the growth of S. pombe, but
the inhibitory effect of Schiff base was stronger than that of the complex. The half inhibition concentrations of Schiff base

and its bismuth(IIT) complex were found to be 4.17 x 107> mol L™! and 6.13x 107> mol L™, respectively.
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Introduction

In recent years, the coordination chemistry has gained much
attention owing to the synthesis and characterization of a
large number of transition—metal complexes in which metal
ion could be coordinated by oxygen, nitrogen, and sulfur [1].
Derived from the condensation reaction of primary amines
and active carbonyl group, Schiff base possesses the azome-
thine group with a general formula RHC =N-R,, where R
and R, are substituted by different groups such as alkyl, aryl,
and heterocyclic groups [2, 3]. Some studies have shown that
the chemical and biological properties of Schiff base related
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to the presence of a lone pair of electrons in an sp? hybrid-
ized orbital of nitrogen atom of the azomethine group [4-6].
Thiosemicarbazones containing a thiourea moiety are an
important class of Schiff bases in medicinal and pharmaceu-
tical fields. Thiosemicarbazones and their metal complexes
are well known for their biological activities such as anti-
cancer [7, 8], antibacterial [9, 10], and antiparasitic activity
[11, 12]. Research on the biological properties of thiosemi-
carbazones, as well as on those of their metal complexes,
has been extensively investigated, while their bismuth(III)
complexes are still less studied [1, 13]. One reason may be
that because bismuth ion is easy to hydrolyze, the suitable
single crystals are difficult to be obtained for the X-ray dif-
fraction [14]. Due to their high effectiveness, low toxicity,
and low radioactivity [15, 16], bismuth and its compounds
have been applied in the treatment involving syphilis, diar-
rhea, gastritis, and colitis. In addition, bismuth compounds
also possess anticancer activities [17].

S. pombe, also called “fission yeast,” has become model
organism for studying eukaryotic cells, playing an impor-
tant role in revealing the mechanism of life activities [18].
Compared with mammalian cells, yeast cells are similar in
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inheritance and evolution, but faster and easier to culture. A
series of findings of human cells were firstly discovered by
yeast cells [19]. Microcalorimetry, which is a general, non-
destructive, and highly sensitive method based on biological
thermokinetics, has been applied in monitoring biological
metabolic activities of cells, and this way has some advan-
tages over traditional methods like Oxford cup method and
Agar dilution method [20-22].

In this study, as a part of our continuing studies [23-25],
we report here the synthesis of a Valen Schiff base by the
condensation of o-Vanillin and thiocarbohydrazide. The
bismuth(IIl) complex was prepared reacting of Schiff base
and BiCl;. Newly synthesized complex with its correspond-
ing ligand was characterized by means of physical and spec-
tral analyses. They were also tested for their antibacterial
activity against S. pombe by bio-microcalorimetry. Some
thermokinetic parameters were obtained. The purpose of
this paper is to provide some thermokinetic parameters for
further study of bismuth compounds.

Experimental
Instrumentation and materials

o-Vanillin (>99.0%); thiocarbonohydrazide (TCH, A.R.);
BiCl; (A.R.); NaCl (A.R.); AgNO; (A.R.); EDTA (A.R.);
methanol (A.R.); ethanol (A.R.); N, N-dimethylformamide
(DMF, A.R.); dimethyl sulfoxide (DMSO, A.R.). All of
above reagents were purchased from the Sinopharm Chemi-
cal Reagent Co., Ltd. (Shanghai, China) and used without
any further purification.

S. pombe (ACCC 20047) was bought from Beijing Cen-
tury Aoke Biological Technology Co., Ltd. YES medium:
yeast (5.000 g), glucose (30.000 g), L-Leu (0.225 g), L-Lys
(0.225 g), L-His (0.225 g), adenine (0.225 g), and uracil
(0.225 g), which was dissolved in 1000 mL water. The
medium was obtained after being autoclaved at 120 °C for
30 min.

'"H NMR spectrometer (Bruker 400 MHZ, Sweden); mass
spectrometer (Thermofinnigan MAT 95 XP USA); elemental
analyzer (Perkin-Elmer 240 CHNS, USA); FT-IR spectrom-
eter (Avatar 360, with KBr pellets, USA); UV-Vis spectrom-
eter (HITACHIU-3010, Japan); biological microcalorim-
eter (TAM air 3116-2/3239, Switzerland); conductometer
(DDS-12DW, Shanghai, China); stereo micro melting point
instrument (XT4, Beijing, China); and thermogravimetric
and differential thermal analyzer (HCT-3, Beijing, China).

Synthesis of Schiff base

Twelve mmol o-vanillin was dissolved in 60 mL ethanol, and
6 mmol thiocarbonohydrazide was dissolved in 60 mL water.
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Then, the solution of thiocarbonohydrazide was slowly
added dropwise into the ethanol solution of o-vanillin and
the mixture was stirred on a water bath at 60 °C for 5 h. As
the reaction progressed, the color of the solution became
yellow-green. After cooling to room temperature and stand-
ing for 12 h, the yellow-green precipitate was collected and
washed with ethanol and water at 60 °C alternately, then
dried in a vacuum desiccator. Finally, the yellow-green
powder of Schiff base was obtained with a yield of 78.1%.
The theoretical values for the elemental analysis of Schiff
base are as follows: C, 54.53%; H, 4.85%; N, 14.96%; and
S, 8.56%. The found values are as follows: C, 54.51%; H,
4.80%; N, 15.02%; and S, 8.58%. The 'H NMR (400 MHz,
DMSO-dj) data are as follows: 12.09 (d, 2H, OH), 11.61 (s,
1H, NH), 9.33 (s, 1H, NH), 8.57 (¢, 2H, CH=N), 7.94-6.59
(m, 6H, Ar-H), 3.83 (s, 6H, OCH;), and ESI-MS (m/z):
374.8 (M*) (Caled. M=374.4).

Synthesis of the complex

A 2.8 mmol Schiff base was dissolved in 80 mL acetone. A
2.8 mmol BiCl; was dissolved in 20 mL THF, and a clear
solution was obtained. This clear THF solution of BiCl; was
added dropwise into the acetone solution of Schiff base.
The mixture was stirred at room temperature for 5 h. After
standing for 12 h, the brown precipitate was collected and
washed. The brown powder of the complex was obtained
with a yield of 58.9%. The chemical composition of the
complex was determined by elemental analysis for C, H, N,
and S, by EDTA titration for Bi** and AgNO, titration for
CI". The theoretical values for the elemental analysis of the
complex are as follows: C, 32.16%; H, 2.82%; N, 8.83%;
S, 5.05%; Bi, 32.92%; Cl, 5.58%. The found values are: C,
32.15%; H, 2.80%; N, 8.84%; S, 5.09%; Bi, 32.84%; and Cl,
5.52%. The '"H NMR (400 MHz, DMSO-dj) data are as fol-
lows: 11.92-10.81 (mm, 2H, NH), 8.48-7.87 (m, 2H, CH=N),
7.48-6.21 (m, 6H, Ar—H), and 4.22-3.51 (m, 6H, OCHj,).

Thermokinetic studies on growth metabolism of S.
pombe treated by Schiff base and its complex

The thermokinetic studies on growth metabolism of S.
pombe treated by Schiff base and its complex were car-
ried out on a TAM Air microcalorimeter at 305.15 K. The
details about the principle and structure of the instrument
were given in literature [25]. When the system obtained a
stable baseline, 5 mL of YES media and equal account of
S. pombe were added into 8 ampoules. Then, Schiff base
and its complex at increased concentrations were added into
the ampoules, respectively. All the ampoules were shaken,
numbered, covered with caps, and pressed with special pli-
ers. The ampoules in turn were hanged into the 8-channel
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calorimeter block, and the thermokinetic curves were
recorded until the recorder returned to the baseline.

Results and discussion
Characterization
General properties of Schiff base and its complex

Schiff base was obtained as a yellow-green powder. It
could be dissolved in DMF, DMSO, acetone, ethanol, and
THF and was soluble slightly in methanol but insoluble
in water and petroleum ether. The molar conductivity of
Schiff base (0.001 mol L™") in DMSO was determined to be
2.11 S cm” mol ™" at 298.15 K, which indicates that Schiff
base was a nonelectrolyte. The melting point of Schiff base
was determined to be 225+ 1 °C by using binocular stereo
micro melting point instrument.

The complex was obtained as a brown powder, which
could be dissolved in DMF and DMSO and was soluble
slightly in acetone and ethanol but insoluble in water, meth-
anol, and petroleum ether. The molar conductivity of the
complex (0.001 mol L~") in DMSO was determined to be
36.3 S cm? mol™! at 298.15 K, which means that the com-
plex was a nonelectrolyte. The melting point of complex was
determined to be 252 + 1 °C by using binocular stereo micro
melting point instrument.

IR spectra and UV spectra of Schiff base and its complex

As shown in Fig. 1, a very sharp absorption of Schiff base at
1619 cm™! was observed due to C=N and the absorption of
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Fig.1 IR spectra of o-vanillin, thiocarbonohydrazide, Schiff base,
and its complex

o-Vanillin at 1640 cm™! was vanished, indicating that Schiff
base was synthesized. The absorption of C=N of the com-
plex at 1602 cm™! means that C=N took part in coordination.
In addition, the absorption of Ph-O at 1252 cm™! red-shifted
to 1246 cm™! compared with Schiff base, indicating that
Ph—O was coordinated. The peak near 1058 cm™ is assigned
to v(C=S) stretching of the thione C=S group [26]. Upon
coordination, the absence of the peak at 1058 cm™!'(C=S)
combined to the appearance of a peak near 731 cm™!(C—S)
indicates evidence for the coordination of the sulfur to the
metal center. In low wavelength range, new absorptions at
552 cm™! and 446 cm™! appeared, corresponding to Bi—O
and Bi-N, respectively, confirming that N and O atoms were
coordinated with Bi**. The broad absorption at 3520 cm™" is
due to OH, which means the complex contains water.

The UV spectrum of DMSO solution (0.0010 mol LY of
o-vanillin, thiocarbonohydrazide, Schiff base, and its com-
plex was measured. The details of UV spectra were shown
in Fig. 2. As we can see, there were remarkable differences
between the UV spectrum of these samples. As for Schiff
base, a weak absorption at 242 nm was due to z—z* transi-
tion of the phenyl rings, and a wide and strong absorption at
321-363 nm belongs to the 7—7* and n—z* transition of C=N.
There was a strong absorption at 245 nm after the complex
formed. The absorption at 321-368 nm of the complex had an
evident red-shift owing to the number of phenyl rings of the
complex and the larger delocalization conjugate systems were
formed. Moreover, the absorption of the complex at 439 nm,
indicating that Schiff base, was coordinated with Bi*.

Mechanism of thermal decomposition
TG-DTA curves of the complex at a heating rate of 10 °C/

min in a static air atmosphere from room temperature to
850 °C were shown in Table 1. The thermal decomposition

Linel: o-vanillin

Line2: thiocarbonohydrazide
Line3: Schiff base

Line4: the complex
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Fig.2 UV spectra of o-vanillin, thiocarbonohydrazide, Schiff base,
and its complex. (Color figure online)
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Table 1 TG-DTA data

. Temperature Mass loss Decomposition group Remainder
of plsmuth(III) complex range/°C Calc(found)%
[Bi(C,;H,;40,N,S) C1-H,0]
First step 218-257 8.43 (8.46) H,0, Cl Bi(C;7H,;O,N,S)
Second step 257412 17.9 (17.4) CH,N,S Bi(C;¢H,,0,)
Third step 412-545 51.15(51.13) C,6H1,0, Bi,04

[ X LN KX X J
wTOoZO

ow

Fig.3 Chemical structures of Schiff base (a) and its complex (b).
(Color figure online)

process can be divided into three steps. The first process, it
had a weak endothermic peak ranging from 218 to 257 °C
with a mass loss of 8.46%, which was close to the theoretical
value (8.43%) due to the loss of 1 mol H,O and Cl. The sec-
ond process, it had a strong endothermic peak, ranging from
257 to 412 °C with a mass loss of 17.4%, which corresponds
to the loss of 1 mol of CH,N,S from the complex (theoreti-
cal value is 17.9%). In the last step, it had a strong endother-
mic peak, corresponding to the temperature range from 412
to 545 °C with a mass loss of 51.13%, which was similar to

@ Springer

the theoretical value (51.15%) roughly. The complex was
decomposed into Bi,O;, which meant all of the ligands were
lost. On the basic of the experimental and calculated results,
the molecular formula of the complex is [Bi(C,;H,s04N,S)
Cl-H,O], whose thermal decomposition is as follows:

218-257 °C
2[Bi(C,,H,,0,N,S)ICl - H,0  — 2[Bi(C,;H,,0,N,S)]
257-412°C 412-545 °C

— T2[Bi(C,(H,,0,)] — Bi,0,

In sum, it was inferred that the molecular formula
of Schiff base and its complex was C,;H;gO,N,S and
[Bi(C,,H,,O,N,S) CI-H,0], respectively. Their possible
chemical structures were given in Fig. 3.

Determination of thermokinetic parameters
of Schiff base and its complex on S. pombe growth

Power-time curves for the growth of S. pombe

Through the ampoule method, the power—time curves for
the growth of S. pombe treated by different concentrations of
Schiff base and its complex were recorded at 305.15 K, respec-
tively. The thermogenic curves were shown in Figs. 4 and 5.
As can be seen in Figs. 4 and 5, with the increase of concen-
trations of the drugs, the heat production for the growth of S.
pombe decreased, and the maximum heat output (P,,,,) could

be obtained easily. The P,,, values were listed in Table 2.

0.0020 9 C(Schiff base)/mmol L' a

0.0018 1 a—— 0.000
0.0016 ] b 0.644

c 1280

0.00124 ¢ 2580

> f—— 3220
g 000107 g——3.870

0.0008 4 h——4.510

T T
60,000 80,000

T
40,000
t/s

T
0 20,000

Fig.4 Power—time curves of the growth of S. pombe affected by
Schiff base
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C(the complex)/mmol L™ a ng = ngy exp[k(t—to)] (1)
0.0018 4 a 0.000
00016 ] B 0632 where (¢ —1t,) is the period of time when ¢ is the time after
' e 1.270 the start of exponential growth phase, and ¢, is the start time
0.0014 { d———1.900 .
c 2,530 of exponential growth phase; n, and n, are the cell number
0.0012 4 £ 3.160 at time ¢ and f,,, and k is the growth rate constant whose size
E 0.0010 - ﬁ Z 'i(;g represents growth speed. If the power output of each cell is
0.0008 w, then
0.0006 now = wng explk(1—1p)] )
000041 If P=n, w, Py=nyw, then
0.0002
T T T T P[ = PO exp[k(t—to)] (3)
0 20,000 40,000 60,000 80,000
tls then
In P, = In Py + kt—kt, 4)

Fig.5 Power—time curves of the growth of S. pombe affected by the
complex

The growth rate constant (k) and generation time (t;) of S.
pombe

The power—time curves of S. pombe could be divided into
four phases, that is a lag phase, a log phase, a station-
ary phase, and a decline phase. During the log phase, the

After doing the logarithmic treatment of P by using the
Origin, we can obtain InP—¢ curves at different concentrations.
And then fitting InP and 7 were in linear increasing section to
a line equation, the slopes were the growth rate constant (k).
In addition, the generation time (¢;) whose size represents
division and reproduction of S. pombe directly. The function
relationship between & and #; was shown as follows:

. . . ¢ =1In2/k 5)

power—time curves obey the following equation [27]:

Table 2 Thermokinetic Drugs Cymol L' kb5~ R F/% ICi/molL™" P,_/W /s

parameters of the growth of

S. pombe affected by different Schiff base 0 5.2555x107% 0.9963 0 417x107°  1.9643%x1073 1.3189% 10*

concentrations of Schiff base 6.44x 107 5.0506x107°  0.9904 3.90 1.4108x 1073 1.3724x10*

and its complex at 305.15 K
1.28x107% 5.0033x1075  0.9937 4.80 1.2573x1073 1.3854x10*
193107 4.4696x107>  0.9844 14.95 9.7713x107* 1.5508 x 10*
2.58%107% 3.9097x1075  0.9876 25.61 6.6242x107* 1.7729% 10*
3.22x107% 3.8825x10™°  0.9949 26.13 5.3301x107* 1.7854x10*
3.87x107% 3.2920x10™° 0.9927 37.36 3.8343x107* 2.1056x 10*
451x107 1.8947x1075  0.9904 63.90 2.4779%107* 3.6584x10*

The complex 0 5.4415x1075  0.9973 0 6.13x107%  1.8038x 107 1.2738x10*

6.32x107* 4.8436x1075  0.9937 10.99 1.6312x1073 1.4311x10*
1.27x107% 471201075 0.9844 13.41 1.5674x 1073 1.4710x10*
190107 4.6513x1075  0.9903 14.52 1.4042x1073  1.4902x10*
2.53%107 4.5239x1075  0.9899 16.86 1.3300x 1073 1.5322x10*
3.16x107° 4.4992x10™° 0.9846 17.32 1.2044x 1073 1.5406x 10*
3.80x107° 4.0816x10™° 0.9909 24.99 9.6876x107* 1.6982x10*
443%107 3.7482x1075  0.9904 31.17 8.5176x 107 1.8493x 10*

2The concentration

"The growth rate constant of S. pombe

“The inhibition ratio
dThe half inhibition concentration
*Mean+S.D.;n=3
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The t; of S. pombe were calculated at different concen-
trations of Schiff base and its complex, as summarized in
Table 2.

The inhibition ratio (/) of S. pombe

The inhibition ratio (/) represents the inhibition degree of
cells at different concentrations of drugs. In order to study
the effect of Schiff base and its complex on the growth of S.
pombe, defining the inhibition as:

(ko — ko)

0

I= x 100% (6)

where k is the growth rate constant without any drugs of
S. pombe, and k_ is the constant of S. pombe treated by the
drugs at concentration of c. The values of 7 were also shown
in Table 2. IC5, means that when the inhibition ratio is 50%,
the drug concentration is the half inhibition concentration.

Quantitative relationship between thermokinetic
parameters and concentrations of Schiff base and its
complex

Quantitative relationship between k and C

As can be seen in Table 2, with the increase of the con-
centration of the drugs, the growth rate constant (k) of S.
pombe decreased, which means that both Schiff base and
its complex have inhibition effects on the growth of S.
pombe. Plotting the inhibition ratio (k) against the con-
centration (c) of Schiff base and its complex, Fig. 6 was
produced. The curve equations were obtained by using the

5.5 4

m  Schiff base

5.0 4 ] ® the complex

4.5 4
4.0 4

3.5 1

K/(10757)

3.0 1
2.5 4

2.0

L5 T T T T T
0 1 2 3 4 5

C/(10°mol L™

Fig. 6 Relationships between the growth rate constant (k) of S. pombe
and the concentrations of Schiff base and its complex
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logistic curve fitting from data of the growth rate constant
(k) of S. pombe with concentration (c¢) of Schiff base and
its complex (as shown in Eq. (7) and (8)), in which the
correlation coefficients R of Schiff base and its complex
were 0.9912 and 0.9208, respectively.

11962.69
c 222
I+ ( 19265)
(0.00mol L™ < Coupigppase < 4.51 X107 °mol L") (7

k=-11957.63 +

5605.84

. 0.75
1+ (322673.47)

(0.00 molL™" < C, <443x 107 molL™) (g

k = —5600.57 +

he complex

Quantitative relationship between / and C

The I-C curves were made relied on the inhibition ratio (/)
and the different concentrations of Schiff base and its com-
plex. As shown in Fig. 7, in low-concentration levels, with
the increase of the concentrations of the drugs, the inhibition
ratio () of S. pombe increased, and in high-concentration
levels, the slopes of curves increased rapidly that means
drugs have strong inhibition effects on S. pombe. Within
the scope of the studied concentrations, carries on the curves
fitting to inhibition rate I and the concentration ¢, and the
curve equations were given in Egs. (9) and (10). The cor-
responding correlation coefficients R of Schiff base and its
complex were 0.9295 and 0.9202, respectively.

70

m  Schiff base
® the complex

60

50

40 -

1/%

30

20 1

10

|
-
o

0 1 2 3 4 5
C/(10 *mol L)

Fig. 7 Relationships between the inhibition ratio (/) of S. pombe and
the concentrations of Schiff base and its complex
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1 = 9515654 — 51416
I+ (308.49)
(0.00 mol L™" < Cypifrpuse <451 x 107 molL™")  (g)
117569.46
I=117572.59 - ) 575
1+ (365756.45)
(0.00 mol L™ < Cpecomplex < 443 % 107 mol L")
10)
Quantitative relationship between P, and C
Drawing the maximum heat output (P,,,) of S. pombe

growth against concentration(c), the curves were illustrated
in Fig. 8. As shown in Fig. 8, with the increase of the con-
centrations of the drugs, the maximum heat output (P,,,,)
of S. pombe decreased, and the curve equations were shown
in Egs. (11) and (12) by using the method of logistic, and
the correlation coefficients R of Schiff base and its complex
were 0.9917 and 0.9938, respectively.

12.43

. \07L
1+ (60.47 )

Prax = —10.47 +

(0.00 Mol L™! < Cypifrpase <451 %1073 mol L")
(1)
24485.17

. 1.16
I+ (2883339)

Prax = —24483.39 +

(0.00 molL™! < C, <4.43%x 107 molL™")

12)

he complex

2.2

2.0

m  Schiff base
the complex

1.8 [] °
1.6
1.4 4
1.2 4
1.0 4

Prnax/(10°1W)

0.8
0.6 1
0.4

0.2 1

C/(10°mol L™

Fig. 8 Relationships between the maximum heat output (P,,) of S.

pombe and the concentrations of Schiff base and its complex

Quantitative relationship between t; and C

According to Eq. (5), the generation time (¢;) varies inversely
with the growth rate constant (k). The ¢;—C curves could be
made according to the generation time (¢;) and different con-
centrations of Schiff base and its complex. From Fig. 9, it can
be seen that, in low-concentration levels, with the increase
of drug concentrations, the generation time (¢;) of S. pombe
was increased, in which there were similar behaviors in the
high-concentration levels. However, in high-concentration lev-
els, the slopes of the curve of Schiff base changed much fast
than that of the complex. Using the logistic curve fitting from
data of the generation time (#g) of S. pombe with concentra-
tion (c) of Schiff base and its complex, the curve equations
were produced (as shown in Egs. 13, 14), and the correlation
coefficients R of Schiff base and its complex were 0.9923 and
0.9527, respectively.

6.89
- \632
1+ <ﬁ>
(0.00 mol L™! < Cgpiprpase < 4.51 x 107 mol L")
13)

iG =836 —

5386.64

NG
+ ( 990.30 )

(0.00mol L' < C,

iG = 5388.03 —

<443 %10 mol L")
(14)

he complex

4.0

®  Schiff base
35 4 ® the complex

3.0 1

2.5 4

15/(10%)

2.0 1

C/(10”mol L™

Fig.9 Relationships between the generation time (tg) of S. pombe
and the concentrations of Schiff base and its complex
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Conclusions

The work described in this paper was the synthesis and
characterization of a Valen Schiff base and its bismuth(III)
complex. Their compositions and structures were character-
ized by using different physiochemical techniques. Moreo-
ver, the thermokinetics of Schiff base and its bismuth(III)
complex on growth metabolism of S. pombe were studied,
finding that both two compounds had inhibition effects on S.
pombe cells, and the inhibition effects were increased with
the increase of concentrations. Some thermokinetic param-
eters (k, P, G- and I) and their quantitative relationship
with concentration were investigated.
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