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Succinylsulfathiazole Crystal Forms I: Preparation, 
Characterization, and Interconversion of Different Crystal Forms 

M. A. MOUSTAFA, S A I D  A. KHALILX, A. R. EBIAN, and M. M. MOTAWIt 

Abstract 0 Some aqueous suspensions of succinylsulfathiazole ex- 
hibited physical instability which was manifested by crystal 
growth, caking, formation of cement-like precipitates, and difficult 
resuspendability. Therefore, the polymorphism of succinylsulfathi- 
azole was studied as a probable important factor causing such 
instability. Methods of preparation of two polymorphs, two hy- 
drates, two solvates, and an amorphous form of succinylsulfathia- 
zole are described. Characterization of these forms was carried 
out using IR spectroscopy and X-ray crystallography. The inter- 
conversion of the crystal forms under various physical conditions 
was studied. The kinetics of transformation of Form I to the 
water-stable Form I1 in aqueous suspensions also are discussed. 
The half-life value of the transformation obtained from an Ar- 
rhenius plot ( -14 hr) was in fair agreement with the experimen- 
tal value (-16 hr) determined for suspensions stored a t  room 
temperature. 

Keyphrases 0 Succinylsulfathiazole-preparation, characteriza- 
tion, and interconversion of different crystal forms, kinetics, Ar- 
rhenius plots 0 Polymorphism-preparation, characterization, and 
interconversion of succinylsulfathiazole crystal forms, kinetics, 
Arrhenius plots Crystal forms, succinylsulfathiazole-prepara- 
tion, characterization, and interconversion 

Aqueous suspensions of succinylsulfathiazole pre- 
pared from different solid batches were found to vary 
considerably in their physical stability. Some sus- 
pensions exhibited caking, crystal growth, difficult 
resuspendability, and cement-like precipitate forma- 
tions which made the suspensions unsatisfactory for 
use. The physical stability of pharmaceutical prepa- 
rations has been shown to be affected by the poly- 
morphism of drugs in the same way as their biologi- 
cal availability is altered (1-6). The polymorphism of 
succinylsulfathiazole is examined in this report as 
being a probable important element of the physical 
stability of aqueous suspensions of this drug. 

Succinylsulfathiazole was reported to be dimor- 
phic, and methods of preparation of the two crystal 
forms were described previously (7). Shefter and Hi- 
guchi (4) also described methods of preparation of an 

anhydrous form, three hydrates, and a pentanol sol- 
vate of succinylsulfathiazole. Later, Mesley and 
Houghton (8) described the preparation of four crys- 
tal forms and an  amorphous form of the same com- 
pound. Uncertainty concerning the number of crystal 
forms of this compound and the lack of reproducibil- 
ity in preparing and characterizing them were ob- 
served. A more thorough investigation of this poly- 
morphic system seemed necessary. 

The present work is concerned with the prepara- 
tion, characterization, interconversion, and kinetics 
of transformation of the various crystal forms of suc- 
cinylsulfathiazole. 

EXPERIMENTAL’ AND RESULTS 

Materials-Three commercial samples of succinylsulfathiazole2 
were used during this investigation. The purity of the starting 
materials and the products of crystallization was checked by 
paper chromatography using the solvent system described by 
Steel (9). Solvents used for crystallization were of USP or BP 
quality. 

Preparation of Crystal  Forms-The general procedure for the 
preparation of the different crystal forms involved crystallization 
from specific solvents. For this purpose, 0.2 g of the drug was dis- 
solved in a suitable volume of an appropriate solvent to form a 
saturated solution a t  the boiling point of that  solvent. The solu- 
tion was allowed to cool slowly and stand a t  room temperature 
until most of the solid crystallized out. The crystals were then 
separated by filtration through a sintered-glass disk3, dried in a 
current of air at  room temperature (25”). and stored in a desicca- 
tor. Crystals prepared from aqueous solvents had to be dried be- 
tween two filter papers. Optimum conditions for the preparation 
of the different crystal forms are summarized as follows. 

IR spectra were measured with a Perkin-Elmer double-heam grating IR 
spectrophotometer, model 237 B. X-ray diffraction measurements were 
made with a General Electric XRD-6 diffractometer under the following 
conditions: 3” beam slit and 0.2” detector slit. nickel-filtered CuKn ra- 
diation (30 kv, 11 mamp). A Unicam SP500 IJV spectrophotometer was 
used to determine the molar absorptivity of the solution of‘ the various 
crystal Iorms. 

Boots, England, Katwuk, Holland, and a Chinese brand, all supplied by 
Chemical Industries Development, Guiza. Egypt. 

Jena 39G3. 
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Figure 1-IR spectra of succinylsulfathiazole crystal forms 
in mineral oil mulls. 
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Form I was prepared by evaporation to dryness of a solution in 
acetone on a water bath. The same form was also encountered as 
one of the available commercial samples. 

Form I1 was not recovered from any solvents used for crystalli- 
zation. However, suspension of any of the other crystal forms in 
water effected transformation to Form I1 in a time varying from a 
few hours to several weeks. Two of the available commercial sam- 
ples of succinylsulfathiazole existed as Form 11. 

Form 111 was prepared by crystallization from water, methanol, 
or ethanol. Precipitation from a solution in sodium hydroxide by 
the addition of hydrochloric acid also gave Form 111. 

Form IV was prepared by evaporation on a water bath of a so- 

3600 3000 1800 1600 1400 1200 1000 800 
WAVE NUMBER, cm-1 

lution in acetone until the first crystals separated. The solution 
was then left to stand a t  room temperature. 

Form V was prepared by crystallization from n-butanol, and 
Form VI was prepared by crystallization from n-pentanol. An 
amorphous form was also prepared by melting any of the crystal 
forms (-200") followed by slow cooling of the melt. 

Characterization of Crystal  Forms-The IR spectra of Forms 
I-VI and the amorphous form in mineral oil mulls are shown in 
Fig. 1, and characteristic bands and absorbance ratios are pre- 
sented in Table I. X-ray diffraction patterns of Forms I and I1 
(being the most frequently encountered in commercial prepara- 
tions) are shown in Fig. 2. The IR spectra and X-ray diffraction 
patterns show distinct differences which can be used for the char- 
acterization of the crystal forms. 

Interconversion of Crystal Forms-Crystallization-Any 
crystal form can be converted to another by crystallization from 
the appropriate solvent as described under Preparation of Crystal 
Forms. 

Heating-Heating a t  a temperature above the melting point 
(--200°) followed by slow cooling of the melt resulted in a trans- 
formation of any of the crystal forms to the amorphous form. In 
the transformation of Forms V and VI, solvent was given off at  
120-140" and Form I was produced. Form I subsequently trans- 
formed to the amorphous form a t  its melting point. 

Suspension in Water-Suspension of all forms in water resulted 
in a transformation to Form 11. Form I11 was detected as an inter- 
mediate in all cases except for the transformation of Form I, 
which changed directly to Form 11. The time required for com- 
plete transformation varied according to the particle size of the 
crystals and the temperature of the aqueous suspension. Heating, 
shaking, and grinding under water accelerated the transformation 
to Form 11. 

Crystal growth accompanied the transformation of commercial- 
ly available micronized succinylsulfathiazole Form I to Form 11. 
This resulted in the formation of long needles which, by  interlock- 
ing together, formed a cement-like cake. Photomicrographs of 
some stages in the transformation of Form I to Form I1 are shown 
in Fig. 3. 

A summary of the course of interconversions is illustrated in 
Fig. 4. 

Determination of Solvent-Solutions of the various crystal 
forms (4.23 X M ,  assuming the molecular weight of succinyl- 
sulfathiazole is 355.4) in 0.1 N sulfuric acid were prepared. Ab- 
sorbance values of these solutions were measured a t  258 nm. Cal- 
culation was made as to the number of molecules of solvent asso- 
ciated with each molecule of succinylsulfathiazole in those cases 
where the presence of the solvent of crystallization was suspected 
(Table 11); similar treatment was previously reported (4). 
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Table I-Characteristic Absorbance Bands of Succinylsulfathiazole Crystal Forms by I R  Spectroscopyu 

Form 
800-900 

cm-I 
1100-1 2 00 

cm 

I 

I1 

I11 

I V  

V 

VI 

2b 
(825, 852) 

b (845), s 

2b 
(845, 865) 

b (842), s 

doublet 
(1172, 1185) 

b (1150), 
2s* 

3b 
(1130, 1150, 
1185) 
3b 
(1125, 1150, 
1198). s 

1200-1300 1500-1600 
cm-I cm-' 

b (1270), b (1530), 
S doublet 

(1568, 1595) 
3b' (1210, 2b 
1235, 1260) (1548, 1595) 

3b 2b 
(1225, 1250, (1540, 1600) 
1295) 
2b 2b 
(1225, 1260) (1535, 1595), 

S 

3200-3500 
cm-I 

b 
(3300) 

2b 
(3295, 3450) 

2b 
(3320, 3480) 

b 
(3300) 

Other Characteristic 
Bands and Absorbance 

Ratios ( r )  

Aiiw/A1m = 1.333 

Aiioo/Aieio = 0.8259 
no b between 
1700 and 1750 
No b between 
1700 and 1750 

- ~ , ,  - 
2b 3b 3b 2b b 
(825, 855) (1130, 1142, (1225, 1265, (1530, 1575) (3220) 

2b b (1150), 2b 2b 2b 
(855-895), 2 ~ *  (1210, 1260) (1540, 1595) (3350, 3450) 

- 
1170), s 1295) 

S - Amorphous b (848) b (1148), b (1252), s b (1540), b 
2s* doublet (3310) 

(1575, 1595) 

Figurea in parentheses are the specific absorption maxima; b = band, s = shoulder, and *denotes shoulders on either side of the band. 

Table I I S o l v e n t  Determination in Succinylsulfathiazole Crystal Forma by Measuring 
Their Molar Absorptivity at 258 nm 

Calculated 

4.23 X 10-6 Equimolar Solution Solvent Found, 

Form Molecule Drug (Experimental) Containing Solvent Molecule Drug 

Absorbance of Absorbance for 

Expected Solvent Molecule per M Solution of Crystals Molecule Solvent/ 

Amorphous 
T I 

IV 
I11 
I1 
V 

VI 

0.797 0.797 
0.794 0.797 
0.800 0.797 

- 
- 
- 
1 molecule water 0.750 0.758 1 
2 molecules water 0.716 0.723 2 
1-2 molecules butanol 0.597 0.609 3/2 
0.5-1 molecule pentanol 0.688 0.684 2/3 

I I I I I  I , , . , , , , ,  

70 60 50 40 30 20 10 
29 DEGREES 

70 60 50 40 30 20 10 
28 DEGREES 

Figure %X-ray diffraction data of succinylsulfathiazole crystal Form I (left) and Form I I  (right). 
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14 hr (WITH SHAKING) 72 hr (WITHOUT SHAKING) 

Figure 3-Photomicrographs representing various stages in the crystal growth accompanying the transformation of succinylsulfa- 
thiazole Form I to Form 11 in aqueous suspension (I small micrometer division = 100 Fm). 

Figure 4-Interconversion of succinylsulfathiazole crystal 
forms. Key:  --, heating; and ---, suspension in water. 

Kinetics of Transformation of Form I to Form 11-The 
transformation of succinylsulfathiazole Form I to Form I1 in aque- 
ous suspensions is of importance because of its effect on the sta- 
bility of pharmaceutical preparations containing this compound. 
Therefore, the rate of transformation under normal conditions 
was studied. For this purpose, the quantitative IR method pre- 
viously used to study the kinetics of interconversion of various 
sulfamethoxydiazine crystal forms (10) was employed. This meth- 
od utilizes an application of the absorbance ratio procedure (11) 
in which specific bands characteristic of each crystal form are se- 
lected from the IR spectrum. The bands 1730 c m - '  for Form I 
and 1700 cm-' for Form I1 were used, and the band a t  1670 
common to  both forms of succinylsulfathiazole was selected as an 
internal marker for absorbance ratio measurements. 

The absorbance ratios are calculated as follows. 
From the IR spectrum of Form I, A(1670 cm- l )  = log l o l l  = log 

66.5/9.5 = 0.845, and A(1730 c m - l )  = log I o / l  = log 83/6 = 1.141. 
The absorbance ratio is A(1730 cm-l)/A(1670 cm l )  = 1.141,' 
0.845 = 1.350. The means of four runs (IR spectrum was recorded 
for four samples taken from the same mull) (10) = 1.333 (Table 
I). 

Following the same procedure, the following values were calcu- 
lated: Form I, A(1730 cm-')/A(1670 cm- l )  = 1.350; Form 11, 
A(1700 cm-')/A(1670 cm-') = 0.846; the mixture of Form I and 
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Figure 5-Measurement of absorbance ratio of succinylsulfathiazole. Key: a, Form I ;  b, 40: 60 mixture of Form I and Form II ;  and 
c, Form I I .  

Form I1 (40:60), A(1730 cm-l)/A(1670 cm- l )  = 0.680; and the 
mixture of Form I1 and Form I (60:40), A(1700 cm-')/A(1670 
cm-') = 0.505. In these measurements, the baseline minimums 
for each form and mixture were measured from 1770 to 1630 
cm- l, respectively (Fig. 5). Additional absorbance ratios for 
mixtures of Form I and Form I1 and of Form I1 and Form I were 
recorded and plotted against the concentration of the respective 
crystal form (Fig. 6). 

The rate of transformation of Form I to Form I1 was studied by 
preparing 1% (w/v) suspensions of Form I in distilled water and 
placing them in thermostated water baths a t  22, 37, 40, 55, 60, 
and 70 f 0.1". Samples of each suspension were taken a t  various 
time intervals and filtered, and the residue was dried by pressing 
between two filter papers. The concentration of Form I1 in the 
residue was determined from the calibration curve (Fig. 6). and 
the concentration of Form I was calculated by the difference. Re- 
sults of the transformation of Form I a t  various temperatures are 
shown in Fig. 7. 

DISCUSSION 
Succinylsulfathiazole exists in the solid state in one of six or 

more crystal forms or in an amorphous state. Forms I and IV are 
anhydrous, Forms I1 and I11 are hydrates, and Forms V and VI 
are solvates of butanol and pentanol, respectively. 

In the present study, the methods of preparation of succinylsul- 
fathiazole crystal forms (4, 7, 8) were often difficult to reproduce. 
No evidence could be found in favor of the claim that one crystal 
form was stable below 35" and the other was stable above that 
temperature (7). The suggestion (7) that  Form I1 (mp 180") 
changed through solid phase transformation to Form I (described 
as a pseudopolymorph of Form 11, mp 125") is against expecta- 
tions based on thermodynamic considerations, which would favor 
a transformation in the opposite direction-uiz., from a lower 
melting-point crystal form to a higher melting-point form. Under 
the conditions of the present study, crystallization from 25% eth- 

Table 111-Kinetic Parameters of Transformation of 
Succinylsulfathiazole Form I t o  Form I1 in 
Aqueous Suspensions 

Rate Cons tan t  (K x lO4), min-1 

22O 37O 40 O 5 5 O  60 O 70 O 

6.33 33.6 40.30 203.82 361.80 959.42 

K at 25" - 8.5 X 10-4 min-1, tr,, at 25' - 13.6 hr (by extrapolation), 
and Ea - 21.05 kcal/mole. 
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Figure &Calibration c u m  of succinybulfathiazob. Key: 
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anol (7) gave Form 111, which did not undergo any transition 
below its melting point. 

Shefter and Higuchi (4) used 25% ethanol to prepare a mono- 
hydrate (Form II), which probably matches Form I11 of the pres- 
ent study. The same form was also recovered from various sol- 
vents in addition to an alkali-acid treatment. The water-stable 
hydrate (Form I) of Shefter and Higuchi (4) matched Form I1 of 
the present work. The preparation of a pentanol solvate (4) and 
its conversion through partial melting a t  127-136", which proba- 
bly accompanied loss of solvent to a form that melted a t  191" 
(probably Form I of the present study), was in agreement with 
the present findings. 

Mesley and Houghton (8) recommended dissolution of succinyl- 
sulfathiazole in sodium hydroxide solution and precipitation with 
dilute hydrochloric acid to prepare Form B. The present results 
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Figure 7- Transformation of succinylsulfathiazole Form I to 
Form II  in aqueous suspension at various temperatures. 
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I / T  x 104 
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Figure GArrhenius  plot of the transformation of succinyl- 
sulfathiazole Form I .  

would agree with this recommendation for identification pur- 
poses, the crystal form produced being Form 111. Although Mesley 
and Houghton (8) suggested other treatments such as evaporation 
at room temperature of solutions of Forms A and D in acetone for 
the preparation of their Form B, similar treatments in the pres- 
ent study produced Form I. Heating Form A of Mesley and 
Houghton's (8) study resulted in its transformation to their Form 
D, a transformation that could not be reproduced in the present 
investigation. However, some crystal forms, namely Forms IV, V, 
and VI, changed to Form I by heating at about 150"; Forms I1 and 
111 transformed through partial melting and resolidification to the 
amorphous form. In all cases, transformation to the amorphous 
form occurred when any crystal form was melted (melting point 
of all forms 191-193") and allowed to resolidify slowly from the 
melt. The preparation of the amorphous form by crystallization 
from alcoholic solvents (8) is also questionable, since most alco- 
holic solvents used in the present study gave other crystal forms. 

Molar absorptivity studies of the various crystal forms in 0.1 N 
sulfuric acid (Table 11) suggested that Form I1 existed as a dihy- 
drate, that  Form 111 existed as a monohydrate, and that butanol 
and pentanol in a ratio of approximately 1 molecule solvent/ 
molecule succinylsulfathiazole accompanied Forms V and VI, re- 
spectively, probably as adducts or clathrate forms. The relative 
ease with which solvent is given off by heating above its boiling 
point and below the melting point of the crystalline drug, as 
shown by the evolution of bubbles from an oil mount on a micro- 
scope hot stage, is further evidence for the existence of hutanol 
and pentanol solvates in the clathrate form. Shefter and Higuchi 
(4) also reported the existence of a pentanol solvate containing 0.9 
molecule solvent/molecule succinylsulfathiazole. 

IR spectroscopy proved to be a valuable technique for both the 
identification and quantitative estimation of succinylsulfathiazole 
crystal forms. Use of the calibration curve of Form I1 (Fig. 6) gave 
more accurate results than those obtained when the calibration 
curve of Form I was used. This is probably due to the fact that  
both absorption bands used in measuring the absorbance ratio 
characteristic of Form I1 merge together from a common back- 
ground, represented by the tangent to both bands between the 
points a t  1630 and 1770 cm-l .  The band a t  1730 cm-l ,  character- 
istic of Form I, merges separately. Therefore, a greater error is 
anticipated when the latter band is used for the quantitative de- 
termination of Form I in mixtures. Accordingly, Form I1 was mea- 
sured in all samples and Form I was found out by difference. 

Log concentration-time plots for the decrease in concentration 
of Form I in aqueous suspensions of succinylsulfathiazole are 
shown in Fig. 7. An Arrhenius plot of the log of the first-order rate 
constants determined a t  various temperatures uersus the recipro- 
cal of the absolute temperature is shown in Fig. 8. Kinetic data 
including rate constants. activation energy, and half-life for the 
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transformation of Form I to Form I1 in aqueous suspension, as 
well as extrapolated values a t  25“, are shown in Table 111. The 
half-life value obtained by extrapolation (-14 hr) was in fair 
agreement with the experimental value ( N 16 hr) determined for 
suspensions stored at  room temperature. 

According to the results of the present study, it might be con- 
cluded that the preparation of physically stable aqueous suspen- 
sions of succinylsulfathiazole could best be obtained by using the 
water-stable Form 11. If Form I is available commercially, as is 
frequently the case, adequate measures have to be taken to inhib- 
it the transformation of the crystal form and its accompanying 
crystal growth, caking, and difficult resuspendability. A study of 
the effect of potential transformation retardants will be the 
subject of future reports. 
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Abstract 0 The cerebroventricular administration of 0.25-2.00 
pg/kg of angiotensin I or II into a-chloralose-anesthetized cats 
produced significant increases in mean systemic pressure. These 
central hypertensive effects were inhibited by the intraventricular 
injection of 0.5 or 1.0 pg/kg of 1-sar-8-ala-angiotensin I1 (saralasin 
acetate). The response to angiotensin I was attenuated to a lesser 
extent than that to angiotensin I1 with this preparation. However, 
when both the agonists and antagonists were administered intra- 
venously, there was equal inhibition of the effects of both angio- 
tensin I and 11. Saralasin acetate alone had little or no effect on 
mean blood pressure or heart rate when administered by either 
route; when injected intravenously, it did not significantly alter 
the bradycardia induced by vagal stimulation, the pressor re- 
sponses to bilateral carotid occlusion or intravenously adminis- 

tered epinephrine, and the depressor effect of intravenous acetyl- 
choline. The difference in the levels of antagonism at  central and 
peripheral sites suggests that the receptors for the angiotensins 
are not identical in these two areas. 

Keyphrases Angiotensin I and 11-inhibition of central hyper- 
tensive activity by saralasin acetate, intravenous and intraven- 
tricular administration, cats Saralasin acetate (1-sar-8-ala-angi- 
otensin 11)-inhibitor of central hypertensive activity of angioten- 
sin I and 11, intravenous and intraventricular administration, 
cats 1-Sar-8-ala-angiotensin I1 (saralasin acetate)-inhibitor of 
central hypertensive activity of angiotensin I and I1 0 Hyper- 
tensive activity, central-inhibition of effects of angiotensin I and 
I1 by saralasin acetate 

Bickerton and Buckley (1) presented evidence that 
angiotensin I1 (an octapeptide) could exert an effect 
on the central nervous system (CNS). Utilizing the 
dog cross-circulation technique, they showed that 
administration of the peptide into the vascularly iso- 
lated head of the recipient produced a pressor effect 
due to peripheral vascular constriction. Since these 
initial observations, several investigators (2-11), uti- 
lizing similar as well as other preparations, have 
confirmed this effect of angiotensin. This action ap- 
pears to be mediated via an increase in sympathetic 

outflow from the CNS, since it may be blocked by 
the intravenous administration of a -adrenergic 
blockers (1) into the periphery and consists mainly 
of an increase in peripheral resistance, with cardiac 
activity only slightly altered (12).  

This effect of angiotensin I1 has been postulated to 
play an important role in the central control of the 
cardiovascular system (13), and the possibility exists 
that the interaction of angiotensin I1 with central re- 
ceptor sites contributes to the development of car- 
diovascular hypertensive disease (14). A strong cor- 
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