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Abstract

The kinetic and thermal behaviour for the following compounds:

R—HN\C /NH—(CHg)nOSOQNHg

I
S

where: R=phenyl, allyl; n=0, 1, 2 was studied by TG and DTA techniques.
The compounds decompose in many steps; the last one corresponding to the burning of
H,N-S-C¢H4—CsH,—S—NH, occurs with comparable reaction rates.
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Introduction

The sulfonamido compounds are biologically active molecules. Their importance is
determined by the potencial chemotherapeutic effect. Most investigations showed
that the complexation between transitional ions and one of this type of compounds
leads to a dramatically increase of biologically-active properties [1, 2].

Thermal analysis is an appropriate method for the characterization of this type of
complexes, but, firstly, it is necessary to elucidate the thermal behaviour of the
uncomplexed potential ligand. Thus, we describe both a thermal study on the stability
of some thioureido-sulfonamides and a kinetic study of some singulary steps of de-
composition.
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Experimental

Equipment and methods of working experimental data

The heating curves were recorded in static air atmosphere using a Q-1500D (Paulik,
Paulik, Erdey) — MOM Budapest, derivatograph in the temperature range 25—700°C
at various heating rates (8) between 2.5 and 5 K min"'. DTA curves were recorded
using Al,O, as reference compound. Amounts of 90—100 mg of substance were used
for the samples. Experimental data were processed with the computer program VER-
SATILE [3, 4]. Kinetic parameter values were obtained using the integral methods
Coats—Redfern [5], Flynn—Wall for constant heating rate [6, 7] and Coats—Redfern
modified by Urbanovici and Segal [8].

Samples

The following compounds of the general formula:

R—HN\C /NH—(CHZ)nOsozNHZ

listed in Table 1 were used.

Table 1 List of the investigated compounds

Nr R n Name
1 phenyl 0 N-(4-aminosulfonylphenyl)-N’-phenyl-thiourea
2 phenyl 1 N-(4-aminosulfonylphenylmethyl)-N’-phenyl-thiourea
3 phenyl 2 N-(4-aminosulfonylphenylethyl)-N’-phenyl-thiourea
4 allyl 0 N-(4-aminosulfonylphenyl)-N’-allyl-thiourea
5 allyl 1 N-(4-aminosulfonylphenylmethyl)-N’-allyl-thiourea
6 allyl 2 N-(4-aminosulfonylphenylethyl)-N’-allyl-thiourea

Synthesis and structural characterization of these compounds were reported in a
previous paper [1].

Results and discussions

N-(4-Aminosulfonylphenyl)-N -phenyl-thiourea (3=2.5 K min™")

TG curve shows that the melting of this compound (201-202°C) occurs in the same
time with the beginning of the decomposition.

There are 4 decomposition steps, which can be assigned to the following reac-
tions, according to their mass loss:
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QHN\C/NH@SOZNHE% HSCN + C12H1202N,S
[|
s

C12H1202N,S = PfObably@NHQSOZNHZ

In this step, the mass loss is:

D, =20.52%; Dm,,,=19.22%
1I.
@NH@SOZNHQ 303G 1,H, + 12C19H1q + /2C1aH1204N4S5
CioHip = probably
CiaH1204N,S; = probably HgN-OQSON=N—®Sog—NH2
Mass loss: Am,,=23.87%; Am,,, =25.08%
111.
1/2H2N—ozs@—N=N—©—sog—NH2m 0 + 12C12H12NsSe
C12H12N4S5 = probably H2N—S@N=N@S—N Ha
Mass loss: Am,  =10.47%; Am, ;. =10.42%
IV.

Burning
H2N—S@7N=N4©78—NH2
494°C

Mass loss: Am,, =44.4%; Am . =44.95%
The TG curve and the calculated kinetic parameter values for this last step, rep-
resenting the burning of the fragment described above, are:

"All temperatures indicated on the arrows correspond to the maximum reaction rate.
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Fig. 1 TG curve for the IV" step of decomposition of N-(4-aminosulfonylphenyl)-
N’-phenyl-thiourea

Table 2 Kinetic parameter values for the IV™ step of decomposition of N-(4-aminosulfonyl-
phenyl)-N’-phenyl-thiourea

Method Coats—Redfern Flynn—Wall Urbanovici—Segal
Preexponential factor/s™ 5.24-10° 1.32:10 8.43-10°
Activation energy/kJ mol”' 99.7 102.0 101.9
Reaction order 1.3 1.2 1.3
Correlation coefficient —0.9797 —0.9842 —0.9804

N-(4-Aminosulfonylphenylmethyl)-N-phenyl-thiourea (B=2.5 K min™")

Decomposition process starts in the same time with melting (215-216°C):

L
@——HN\ /HN——CHQ—@—SOQNHg—>HCN +Ha + 12 CyaHig +
ﬁ +1/2 C14H1404N4S4
S
C12H10 = probably
C1aH1204N4S, = probably HZNOZS—O(I;—I}I—I\II— I@SOZNHZ
SH HS
Mass loss: Am, =32.43%; Am,, =33.02%
II.
1 H2Nozs—@fﬁ—§l—w—94©~sozwz—> HSCN + %2C15H1204N5S,
S H H S

C12H1204N5S, = probably H2N—023802—N Hy

Mass loss: &am, =18.83%; Am,, =18.38%

calc.
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I11.
1o HgN—OQSSoz—N Hy——> % CyoH1oNoSs + Oy
C2H15N5S, = probably H2N—SS—NH2
Mass loss: &m, =9.41%; Am, . =9.97%
Iv.

Burning
554°C

Mass loss: Am,,=38.70%; Am,, =38.63%
The TG curve for this last decomposition step is shown in Fig. 2.
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Fig. 2 TG curve for the IV" step of decomposition of N-(4-aminosulfonylmethyl-
phenyl)-N’-phenyl-thiourea

For the last step, the burning, kinetic parameter values are:

Table 3 Kinetic parameter values for the IV" decomposition step of N-(4-aminosulfonylphenyl-
methyl)-N’-phenyl-thiourea

Method Coats—Redfern Flynn—Wall Urbanovici—Segal
Preexponential factor/s™' 1.37-10° 2.61-10° 2.13-10°
Activation energy/kJ mol™ 130.2 132.2 132.5
Reaction order 0.7 0.6 0.7
Correlation coefficient —0.9854 —0.9913 —0.9898

N-(4-aminosulfonylphenylethyl)-N -phenyl-thiourea (B=5 K min™")

For this compound, decomposition begins in solid state, before melting (185-187°C):
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@—HN\C/HN—CHZ—CHZ@SOQNH2—>CzH5N+ C13H1202N,S,

S
C13H1202N232 = probably Q \C/QSOQNHQ

C,HsN = probably HZC CH2

H

Mass loss: Am, =12.56%; Am, ;. =12.84%

calc.

II.

QHN\C/QSOQNHQH HNCS + Op + C1oH11NS
Il
S

C1sH11NS = probably s—NH2

Mass loss: Am, =29.42%; Am, . =27.16%

calc.

I1I.

S_NHZSSZE > Y2C12H1g + 72C1oH12N2S;
C12H4g = probably
C12H12N282 = probably HZN_SS_N H2

Mass loss: Am,,=24.51%; Am,,, . =22.99%
The TG curve for this decomposition step is presented in Fig. 3.
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Fig. 3 TG curve for the I* step of decomposition of N-(4-aminosulfonylethylphenyl)-
N’-phenyl-thiourea

J. Therm. Anal. Cal., 62, 2000



JURCA et al.: THIOUREIDO-SULFONAMIDE DERIVATIVES 851

Kinetic parameter values for this step are:

Table 4 Kinetic parameter values for the III" step of decomposition of N-(4-aminosulfonyl-
phenylethyl)-N’-phenyl-thiourea

Method Coats—Redfern Flynn—Wall Urbanovici—Segal
Preexponential factor/s™' 9.15:10" 2.13-10" 2.73-10"
Activation energy/kJ mol ' 187.1 180.2 181.3
Reaction order 23 2.2 2.2
Correlation coefficient —0.9940 —0.9946 —0.9939

Iv.

Burning
563°C

Mass loss: Am,  =35.34%; Am, ;. =37.01%
The TG curve for this last decomposition step is:

0 . . . . .
400 450 500 550 600 650 700
Temperature/°C

Fig. 4 TG curve for the IV® step of decomposition of N-(4-aminosulfonylethyl-
phenyl)-N’-phenyl-thiourea

For this last step, kinetic parameter values are:

Table 5 Kinetic parameter values for the IV™" step of decomposition of N-(4-aminosulfonyl-
phenylethyl)-N’-phenyl-thiourea

Method Coats—Redfern Flynn—Wall Urbanovici—Segal
Preexponential factor/s™' 4.92:10° 1.82:10° 7.11-10°
Activation energy/kJ mol™ 134.6 140.8 136.5
Reaction order 1.3 1.3 1.3
Correlation coefficient —0.9941 —0.9951 —0.9945
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N-(4-aminosulfonylphenyl)-N -allyl-thiourea (B=5 K min™")
In this case, the process of decomposition starts before melting (181-183°C):

L.

HgC=CH—CH2—HN\?/NH@SOZNHQw CaHsN + C7HgO2N,S,
|
s

C3HsN = probably H,C=CH—CH=NH

C7H302N282 = probably H%—NHOSOQNHQ
S

Mass loss: Am, =18.79%; Am,, . =20.32%
The TG curve and the kinetic parameter values are shown below:

0
140 160 180 200 220
Temperature/°C

Fig. 5 TG curve for the I*' step of decomposition of N-(4-aminosulfonylphenyl)-
N’-allyl-thiourea

Table 6 Kinetic parameter values for the I* step of decomposition of N-(4-aminosulfonyl-
phenyl)-N’-allyl-thiourea

Method Coats—Redfern Flynn—Wall Urbanovici—Segal
Preexponential factor/s™' 9.20-10" 1.68:10" 3.92:10"7
Activation energy/kJ mol™ 179.0 172.7 175.8
Reaction order 1.8 1.7 1.7
Correlation coefficient —0.9839 —0.9851 —0.9848

IL.

HC—N HOSOQNHQ& HSCN + Op + VoMo + 2C1aH12N2Ss

1]
S

C12H12N2S; = probably H2N—SS—NH2

Mass loss: Am, =35.14%; Am, . =33.95%

calc.
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For this step, the TG curve and the kinetic parameter values are:

225 250 275 300 325 350 375 400
Temperature/°C

Fig. 6 TG curve for the II" step of decomposition of N-(4-aminosulfonylphenyl)-
N’-allyl-thiourea

Table 7 Kinetic parameter values for the II"* step of decomposition of N-(4-aminosulfonyl-
phenyl)-N’-allyl-thiourea

Method Coats—Redfern Flynn—Wall Urbanovici—Segal
Preexponential factor/s™' 9.04:10" 1.20-10" 1.61-10"
Activation energy/kJ mol ' 162.2 163.3 164.6
Reaction order 2.4 2.4 2.4
Correlation coefficient —0.9918 —0.9927 —0.9913
II1.
Burning
. H2N—SS—NH2
547°C

Mass loss: Am,  =42.49%; Am, . =45.76%
For this step, the TG curve and the kinetic parameter values are:

400 450 500 550 600 650
Temperature/°C

Fig. 7 TG curve for the III" step of decomposition of N-(4-aminosulfonylphenyl)-
N’-allyl-thiourea
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Table 8 Kinetic parameter values for the 1™

phenyl)-N’-allyl-thiourea

step of decomposition of N-(4-aminosulfonyl-

Method Coats—Redfern Flynn—Wall Urbanovici—Segal
Preexponential factor/s™' 3.58:10° 1.38:10° 1.54-10°
Activation energy/kJ mol™ 127.9 134.0 136.0
Reaction order 1.3 1.3 1.4
Correlation coefficient —0.9948 —0.9958 —0.9947

N-(4-aminosulfonylphenylmethyl)-N -allyl-thiourea (B=2.5 K min™")

The decomposition process starts in solid state; during melting (167—169°C) the reac-
tion rate decreases probably due to a local cooling process because of the endother-
mic effect of melting. The amount of compound decomposed in solid state represents
only 3.37% of the total amount. This led to the evaluation of the kinetic parameter

values for the liquid state decomposition process.

L.

HoC=CH—CH;—HN.__, /NH—CH24©—SOgNH216LC>HCN + C1gH1205N5S,

I
S

C10H1202N2S, = probably H2C=CH—CH2—HN—(|.|)‘©7802NH2
S

Mass loss: Am,,=9.42; Am . =9.47%
For this step, the TG curve and the kinetic parameter values are:

0 . . . . R
160 170 180 190 200 210 220 230
Temperature/°C

Fig. 8 TG curve for the I* step of decomposition of N-(4-aminosulfonylmethyl-
phenyl)-N’-allyl-thiourea
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Table 9 Kinetic parameter values for the I step of decomposition of N-(4-aminosulfonylphenyl-
methyl)-N’-allyl-thiourea

Method Coats—Redfern Flynn—Wall Urbanovici—Segal
Preexponential factor/s™' 2.36:10% 1.11-10* 1.17-10%
Activation energy/kJ mol™ 2243 220.6 221.6
Reaction order 2.1 2.1 2.0
Correlation coefficient —0.9908 —0.9914 —0.9904

The quite high values of the kinetic parameters indicate the complex character of
this liquid phase decomposition.

II.

HgC=CH—CH2—HN—C——©—SOQNHZMH30—0H=CH2 +V2Hp + HSCN +
Il + 02+1/ZC12H12N282

C12H12N,S; = probably H2N——SS—NH2

Mass loss: Am, =45.55%; Am,, . =47.02%
For this step, the TG curve and the kinetic parameter values are:
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Fig. 9 TG curve for the II" step of decomposition of N-(4-aminosulfonylmethyl-
phenyl)-N’-allyl-thiourea
Table 10 Kinetic parameter values for the 11"
phenylmethyl)-N’-allyl-thiourea

step of decomposition of N-(4-aminosulfonyl-

Method Coats—Redfern Flynn—Wall Urbanovici—Segal
Preexponential factor/s™' 9.83-10" 1.32:10" 1.96:10"
Activation energy/kJ mol™ 160.8 161.9 163.6
Reaction order 2.9 2.9 2.9
Correlation coefficient —0.9749 —0.9778 —0.9748
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III.

Burning
415°C

Mass loss: Am__=43.46%; Am_, =43.51%

exp. calc.

For this step, the TG curve and the kinetic parameter values are:

Table 11 Kinetic parameter values for the III" step of decomposition of N-(4-aminosulfonyl-
phenylmethyl)-N’-allyl-thiourea

Method Coats—Redfern Flynn—Wall Urbanovici—Segal
Preexponential factor/s™' 1.25-10' 1.46:10° 3.28:10"
Activation energy/kJ mol™ 78.5 88.3 83.7
Reaction order 0.9 0.9 1.0
Correlation coefficient —0.9857 —0.9901 —0.9861
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Fig. 10 TG curve for the III" step of decomposition of N-(4-aminosulfonylmethyl-
phenyl)-N’-allyl-thiourea

N-(4-aminosulfonylphenylethyl)-N -allyl-thiourea (B=5 K min™)
This compound decomposes after melting (148—150°C):
L

H2C=CH—CH2—HN\C/NH—CHQ—CHZO—SOZNH2—>H20=CH2 +HaC—HC=CH, +

g + /2C15H1N4So + HSCN + O,
C12H12N,S5 = probably H2N—SON=N—QS—N Ha

Mass loss: Am, =53.93%; Am, ;. =53.85%

calc.

II.

Burning
H2N—S@N:NOS—NH2
410°C
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Mass loss: Am,,=46.60%; Am,,, . =46.15%

TG curves and kinetic parameter values are:

Table 12 Kinetic parameter values for the II"® step of decomposition of N-(4-aminosulfonyl-
phenylethyl)-N’-allyl-thiourea

Method Coats—Redfern Flynn—Wall Urbanovici—Segal
Preexponential factor/s™' 7.31-10° 3.83-10* 1.13-10*
Activation energy/kJ mol ' 113.6 120.9 115.7
Reaction order 1.0 1.0 1.0
Correlation coefficient —0.9969 —0.9976 —0.9968
1
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Fig. 11 TG curve for the II" step of decomposition of N-(4-aminosulfonylethyl-
phenyl)-N’-allyl-thiourea

The final steps, representing the burning of the H,N-S—-C ,H,-C .H,—S—NH, frag-
ment, occur smoothly in a relatively large temperature-range thus being kinetically
workable. For these steps a compensation effect was observed between the values of
the preexponential factor and the activation energy, the calculated values for the rate
constant at 500°C exhibiting relatively close values:

Table 13 Kinetic parameter values for the steps that represent the burning of
H,N-S—-C¢Hs—CsH4—S—NH,: (Kinetic constants were calculated with the preexponen-
tial factors and the activation energies obtained by Coats—Redfern method)

Cﬁumgggﬁd Als™ E,/kJ mol™ Komxls™ AG"/kJ mol ™ I mﬁf?'/ !
2 2.14-10° 132.5 2.16:107* 249.0 -150.8
3 7.11-10° 136.5 3.89-10° 2453 ~140.8
4 1.54-10° 136.0 8.10-10°* 239.8 ~134.4
5 3.28:10' 83.7 6.18:10°* 256.6 -223.7

The close values of the k., are probably due to the oxidation of the same molec-
ular fragment namely H,N-S—-C,H,—~C;H,—S—NH,.

The values for the activation entropy were calculated considering the activation
energy equal to the activation enthalpy.

J. Therm. Anal. Cal., 62, 2000
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The strange negative values obtained for the activation entropy may be due to
the structural ordering effect of O, on the burning reaction’s transition state.

The proposed fragmentation schemes are in agreement with the following litera-
ture results:

1. Investigating the thermal decomposition of copper(I) thiocarbamide chloride
hemihydrate, Krunks et al. [9] shows in the evolved gases the presence of HSCN as a
result from the thiourea’s thermal decomposition process.

2. Studying the thermal behaviour of some copper-acetazolamide (5-acet-
amido-1,3,4-thiadiazole-2-sulfonamide) complexes, Ferrer ef al. [10] shows that the
ligand degradation occurs with the disparition of the IR absorptions of carbonyl and
sulfonyl groups, and, for the final step, the sulfur from the copper sulfate originate not
only from oxidation of the thiadiazole ring but also directly from the sulfonamido

group.

Conclusions

Investigation on the thermal stability of some thioureido-sulfonamide derivatives
was carried out using a Q-1500D derivatograph.

The decomposition steps were established.

For the kinetically workable steps, the non-isothermal kinetic parameters were
evaluated.

Similar reactions like burning are characterized by relatively close values of the
free energy of activation.

The activation parameters exhibit an apparent compensation effect.
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