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STUDY OF THE THERMAL PROPERTIES OF DERIVATIVES
OF SULFONAMIDES

J. Ciba, J. Sycz and J. Trzcionka*
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UNIVERSITY, PL 44-101 GLIWICE, *INSTITUTE OF DRUGS, SILESIAN MEDICAL
ACADEMY, PL 41-201 SOSNOWIEC, POLAND

Thermal analysis of acid derivatives of sulfonamide was performed between room tem-
perature and 600°. The tested substances were obtained by fusing and also by synthesis
in poiling acetone. information was obtained on the thermostabilities of these compounds
and on the thermal decomposition processes they undergo.

Acyl derivatives of sulfathiazole have found application in medicine for curing
certain diseases of the alimentary canal {2—4] and as inhibitors on the oxidation of
ammonium salts to nitrates in soil [1].

The reaction of dicarboxylic acid anhydrides with aromatic amines gives N-acy!
derivatives. Low-temperature synthesis is usually described by reaction (l}.

/CO\O - o R/CONH—Q‘ R,
Fneer” * 7 O ™ CooH
)

R= —Ph— » —CHyCHj~ » —CH=GH—

N
R,= ~$2—NH-</S] ’ _SOZ_NH_E:‘NHZ » —S0;—NH,
N

Synthesis at high temperature leads to intermolecular reactions {cyclization) and
further uncontrolled reactions. In this work, method chosen according to scheme (1)
was tested.

The following acids were obtained:

. Phthalylsulfathiazole (PST)

. Phthalylsulfaguanidine (PSG)
. Phthalylsulfanilamide (PSA)
. Succinylsulfathiazole (SST)

. Succinyisulfaguanidine (SSG)
Succinylsulfanilamide (SSA)
. Maleylsulfathiazole (MST)

. Maleylsulfaguanidine (MSG)
. Maleylsuifanilamide (MSA)
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The above acids were heated and thermally tested. The results can be useful for
identification purposes. TG curves for some sulfonamide derivatives were obtained
in earlier work [5].

Experimental

Reagents

Sulfathiazole, sulfaguanidine, sulfanilamide (Polfa—Poland); phthalic anhydride
(POCh—Poland); succiric anhydride (APOLDA-DDRY); maleic anhydride (Reachim).

Synthesis

The conditions for the preparation of the sulfonamide derivatives and the sub-
sequent thermal testing are given in Table 1. All substances obtained were purified
from starting materials by washing with water and methanol. To shorten the duration
of the synthesis by the fusion method, higher reaction temperatures than those de-
scribed in the literature were used. The substances obtained were compared with
products synthesized in organic solution.

Purity testing of substances

The purities of substances were checked by paper chromatography; the eluents
described in the literature for determination of sulfonamides were used [16—20].
The substances were dissolved in NaOH, HCI, methanol or formamide solution and
detected with the Erlich reagent. No other substances were found by chromatography.

Thermal analysis

The thermal analysis of the synthesized substances was performed on a MOM
(Budapest) derivatograph. Samples of 100—150 mg were heated in corundum cruci-
bles, from ambient temperature to 600° within 50 minutes; the reference substance
was Alp03. DTA, DTG and TG curves were obtained. The thermal changes and the
decomposition points observed in the DTA and TG curves are summarized in Table 2.

The calculated mass decreases for the investigated substances and the presumed
water and acetone contents of the samples are presented in Table 3.

The melting points determined in the classical way in a capillary tube were com-
pared with the temperature found from the DTA curve.

Results and discussion

Thermal investigations of nine acid derivatives of sulfonamides, as well as the
sulfonamides used for their synthesis, were performed. The sulfonamide derivatives
were obtained by fusion of sulfonamides with dicarboxylic acid anhydrides; four
acids were synthesized in boiling acetone solution (Tabie 1, Nos 1, 2, 4, 9).
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147

.:PROPERTIES OF DERIVATIVES OF SULFONAMIDES

CiBA et al

apupAyue disjew — YA

‘apupAyue o1uidans — NG ‘splipAyue oijeyiyd — yd ‘apillejiueyins — 4S ‘auipiuenbeyns — g ‘a|ozeiyieins — §§

Y4S eYSIN “UIW Q9 UOIIN|OS BUOLE0E 4O (a (VSWN) pioe
usljow o} w ‘Ul G [Gi]wanjos suebio uy  WIN + VIS apiuejlue; g
pappe v IN VS "D,GLL—0L1 18 $918N5GNS JO 85Ny (B -nsjAajepy

oy Ul G (DOSW) proe
ualjow o3 DS , _ : — YW + OS auipiuenbey g
pappe g Do001—0/ e $81e43sqns O asny -insiAalely

YIN (LSIN) proe
ualjow 01 1SIN Ul gy .OoO_.P ie sajelisgns jo asny —Av: JUBA0S O_Cmm._o ul VIN+ 1S ajozeiyiey L

pappe 1S -insjAsjey

vns ‘ulw g [ (vSS) poe
ualjow o1 vsS s _ - €1 ‘zi}wanjos ojuebio Ul yng + vis spiwejiuey 9

pappe 1S 0,061 —GZ | 1B S31LIISNS JO asN} nsjAURING

5s (DSS) pioe
usljowl 031 08sS ‘Ui Q9 .UomNP 1e se1esisqns JO asny - vns + DS mc_ﬁ_r_m:mmm g
pappe yng -InsjAuroong

vns e18s “Ulw 09 UOKN|OS BUO1ade 4O (g [6 ‘gl 3uanjos ouebio ui (g {LSS) pioe
usijow o} w Ui og [11°0L] zwo/B% 00G1—0001 vns + 1S sjozeiyiey

peppe IS 1SS ‘0,0€1—0Z L 1. saleaisgns Jo asny (e D,001L—G/ 1B sa1e415qns Jo asny (e -|nsjAuroong

Vis “ulw oz (vSd) poe
uajjow oy vSd , . . - Vd + V4§  8pluejue) g
pappe vd D,0L1—091 1B saiensqns Jo asny -nsiAleyay g

vd eDSd ‘Uil Qg uonN|os suolade 10 (q (9Sd) proe
usijow o1 w ‘ul og - Vd+ DS aupluenbe; gz
pappe s 984 ‘0,081 —091 1e sa1ensqns JO asny (e -nsjAjleyiyd

vd [6 ‘gl 3uanjos owebio ur (o (1Sd) p1oe

el1Sd ‘Ui g uonn|os auoclade Jo (q 2] zwo/6% 6L .
cmm:owc ol w uw g 0,0ZL—001 1B saiesqns jo asny (q V4 1S ) MMNM_%E L
Pappe 15 1Sd '0,00Z—061 1e sa1ea1sqns 40 asny (e [9] D.GFL —G8 1e selelisgns jo asny (e IsiAIeYd
punodwios pasn umouy o
sqn noaw
$adIIoN 40 [0qIAg pomam alensgng pu 0D ON

SSPILIBUOY|NS 4O SAAIIEALIBP BPIde JO uoiietedald JO POYIBN L djqel

J. Thermal Anal. 26, 1983



148 CIBA et al.: PROPERTIES OF DERIVATIVES OF SULFONAMIDES

Table 2 Thermal decomposition data for tested sulfonamides

Temperature of thermal

Compound Process temperature, °C Loss in weight .
P P 9 decomposition, °C

endothermic at 170—185 —
ST endothermic at 205—220 — 250

exothermic at 70 -

PSTm endothermic at 200--230 loss 300
endothermic at 265-280 -
endothermic at 200-230 loss

PSTa endothermic at 270280 - 270
endothermic at 105—145 loss

SSTm endothermic at 180210 - 210
endothermic at 100—-140 —

SSTa endotherime at 175—200 - 200

MST endothermic at 200—-240 loss 240
endothermic at 100150 loss

SG endothermic at 190—200 - 250
endothermic at 135—170 loss

PSGm endothermic at 240—285 - 320
endothermic at 80-—130 loss

PSGa endothermic at 160—190 loss 300

endothermic at 240—260 -
endothermic at 100—130 loss

58G endothermic at 200—230 - 230
endothermic at 80—-140 loss

MSG endothermic at 190-200 loss 230

SfA endothermic at 120-150 - 270

endothermic at 175—-180 -
endothermic at 160--175 —

MST endothermic at 200—230 loss 290
endothermic at 240—265 loss
endothermic at 205—225 —
SSA endothermic at 270—295 — 320
MSAmM endothermic at 200—220 loss 290
MSAa endothermic at 200—220 loss 300

The DTA and TG curves of compounds prepared by fusion or synthesized in
solution were compared. The shape of the DTA curve of the compound obtained
by fusion is different from that of the same compound prepared in acetone solution.
This difference is only slight and exists in the temperature range of the synthesis
{from the boiling point of acetone to the temperature of fusion used in the synthetic
method).
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Table 3
Calculated wt loss, % Meilting temperature, °C
Temperature  Lossin  of the water and acetone
Compound range, in°C weight, % measured from the

% formuta conventionally  DAT curve
ST — - — ST 199-203 205
PSTm 200—-230 4.0 43 PST -H,0 265-270 265
PSTa 200-230 6.0 6.7 PST ;—A * 240-250 265
SSTm 105—145 25 25 SST - ;—Hzo 185--190 175
SSTa 100—-130 5.0 48 SST -H,0 150~160 165
MST 200-240 8.6 92 MST -2H,0 215-218 210
SG 100—150 7.4 7.75 SG - H,0 190193 190
PSGm 80—160 3.0 24 PSG - %HZO 260-265 260
PSGa 80~130 62 7.1 PSG -;—-A * 220~230 240

150--180 4.1 44 PSG - H,0

SSG 100—-130 1.9 1.9 SSG - %HzO 205--210 190
MSG 80—140 9.0 10.3 MSG - 2H,0 205-210 190
SfA — - — SfA 164—167 165
PSA 190—265 10.4 10.1  PSA + 2H,0 300-310 240
SSA — — — SSA 210-216 205
MSAm 200-260 11.4 11.7  MSA - 2H,0 192—-195 200
MSAa 200-260 12.0 11.7  MSA -2H,0 193-198 200

* A — acetone

At temperatures higher than that of the synthesis by fusion, the shapes of the DTA
curves of the compounds obtained by fusion or in solution are similar. The changes
in the DTA curves might be due to intramolecular rearrangements taking place at
higher temperatures.

From the similar shapes of the DTA curves at temperatures higher than those used
in the syntheses, it may be seen that the compounds undergo the same changes, which
is proof of their identity.

Thus, from the evidence of the DTA curves it can be suggested that the samples
prepared by the fusion method differ only slightly from those obtained in acetone
solution. To explain this, further identification studies are necessary.

The TG curves of compounds synthesized in acetone solution show a double mass
decrease as compared with samples obtained by fusion, this being due most probably
to the higher water and acetone contents (Table 3). The water originates from the
washing of the substance with water in the purification process; dehydration resulting
from chemical reactions at higher temperétures is also possible.

J. Thermal Anal. 26, 1983
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The melting points of the studied substances were determined from the DTA curves
and compared with those measured in a capillary tube (Table 3}). The melting points
are very close to the decomposition points for most of the studied compounds, and
for MSA they are even identical {Table 2); this is why determination of the melting
point by the classical method is difficult for the majority of the substances. The TG
curves of ST, SQ, SA and PST sulfonamides are presented in [5]. These curves were
recorded for small samples (2 mg), using a special apparatus. They are similar to the
TG curves given in the present work, obtained from larger samples (> 100 mg).

The DTA and TG curves for the synthesized acid derivatives of sulfonamides and
for the sulfonamides used in the synthesis are quite different. This fact can be of use
for the identification of these compounds, for the detection of solvent molecules,
or for the determination of the degree of thermal change.

In this way it is possible to determine the technological criteria in the preparation
of drugs, e.g. the temperature of drying or of tableting.
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