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Summary 

Stiripentol, which exhibits antiepileptic properties is the E(_+ ) 4,4-dimethyl-l-(3,4-methylenedioxyphenyl)-l-penten-3-ol. Solid 
state data obtained by means of X-ray powder diffractometry, differential scanning calorimetry., infrared spectrometry and 
solubility studies are given for quality control of the raw material. Stiripentol is an example of a racemate compound that easily 
forms persistent glasses whose thermodynamic properties are described and compared to those of the corresponding crystalline 
material. 

Nowadays,  solid-state criteria for unambiguous  
knowledge and identification of  new drugs are 
required since it is well established that they may 
be concerned  with polymorphism which may af- 
fect bioavailability, pharmacological  propert ies  
and toxicity. 

The  present  study has been under taken  in 
order  to control  the identity and the quality of  
several preindustrial  batches of  Stiripentol,  and 
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to ensure that no polymorphism appears  at the 
end of  their preparat ion.  

Stiripentol (STP) [Cl4HlsO3,  M = 234.3, E(_+) 
4 ,4 -d ime thy l -1  - ( 3 , 4 - m e t h y l e n e d i o x y p h e n y l ) -  t -  
penten-3-ol]  is a novel drug with antiepileptic 
proper t ies  (Lin et al., 1984; Vincent,  1986) that is 
not  related to existing drugs, as quoted  by Lis- 
garten and Palmer  (1988). 

Since one asymmetric  C-atom and one eth- 
ylenic bond are present  in the molecule,  four 
isomers [Z( + ), Z ( -  ), E( + ), E ( -  )] and two race- 
mates (Z(_+), E(_+ )) are expected to exist. 

This work is a cont inuat ion of  the previous 
crystal s tructure determinat ion of  the E ( + )  race- 
mate (Lisgarten and Palmer,  1988; Toffoli et al., 
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TABLE 1 

X-ray  p o w d e r  d i f f rac t ion  da ta  o f  m i c r o n i z e d  St ir ipentol  
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3.060 14.58 
2.990 14.93 
2.979 14.99 

2.976 15.00 
2.900 15.41 
2.848 15.69 
2.826 15.81 

2.820 15.85 

3.16 20 98 
6./)9 19 23 

- -  - -  2 

8.01 43 42 
19 

8.70 19 13 
8.88 48 47 

- 4 

- 4 

9.48 100 100 
9.61 46 56 

1 

11.19 6 3 
11.35 11 13 

18 
11.86 26 

12.25 

12.59 

14 
6 

50 45 
20 

36 

12.72 10 
7 

13.38 13 8 
- <1  

- 1 

- -  - -  1 

14 
14.29 26 

14.58 28 

14.98 4 

15.42 7 

15.73 7 

15.84 7 

5 

20 



T A B L E  1 (continued) 

79 

h k l  lobs  a dobs(,~) a dcal(~ ) b 0cal ( o )  0obs ( o )  c (I / lM)ob~ ~ (1/I~4)cal a 

215 

g22 

~15 

723 
320 
510 } 

2O4 

~15 
222 / 

,306 ) 
015~ 

6 1 2 )  

515 / 

2 1 4 ]  

224 ~ 

423 
600 ] 

316 
~_o2 ~ 
424 ) 
322 ) 

522 / 

6 1 0 ]  
OO6 

ms 2.623 

w 2.614 

vw 2.580 
vw 2.565 

vw 2.558 

vw 2.544 

w 2.424 

w 2.399 

w 2.357 

w 2.345 

w 2.255 

w 2.215 

1 
3 

2 

2.618 17.11] 

2.609 17.17 7 17.14 11 

1 
2.609 17.17J  
2.579 17.38 - 
2.561 17.50 17.51 3 

2.551 17.57 t 

2.551 17 .57[  17.61 7 
! 

2.540 17.65 

2.424 18.53 / 18.56 3 

/ 2.422 18.55 
2.396 18.75 - - 

2.394 18.77 - - 

2.393 18.78 - - 

2.360 19.05 

2.355 19.09 - - 

2.341) 19.22 - 
2.339 19.22 - - 
2.339 19.23 - - 

2.252 20.00 - - 

2.213 20.37 ] 
2.211 20.39 } 20.39 9 

/ 

2.207 20.43 J 

2.189 20.60 - - 

2.185 20.64 - - 
2.170 20.79 / 

20.84 4 [ 
2O.87 / 

1 

< 

< 

< 

2 

1 
< 1  
< 1  

2 
4 (; 

< 1  
w 2.189 

2 

w 2.177 ( 32 

523 w 2.164 2.163 

a lobs and gobs from Guinier film (Enraf-Nonius F R  552 camera ,  h C u K a  t = 1.5405 A, 50 kV, 20 mA);  visually estimated 
intensities: v = very, s = s t rong,  m = m e d i u m ,  w = weak.  
b Interplanar distances dc,~l and calculated relative intensities ( I / IM)c .  I obtained with the data from Toffoli et al. (1988). 
c 0oh, and (1/IM)oh ~ from automated diffractometer spectrum (Philips P C - A P D  P W  1877 system, A C u K a l ,  40 kV, 15 mA).  

1988), which is monoclinic, P 2 J c ,  a = 15.667 A, 
o o 

b = 6.120 A, c = 14.533 A, /3 = 116.39°, Z = 4. 
Using the data from Toffoli et al. (1988), the 

interplanar distances dca I (A) versus hkl indices 
have been calculated for indexing the gob s spac- 
ings obtained by means of a Guinier camera from 
crystalline powdered samples. Results collected 
in Table 1 show very good agreement between 
gob s and de, I values. Since no unindexed gobs 
spacing is observed, one can assume that the 
samples correspond to the crystal structure. How- 
ever, the intensities of the diffraction lines are 

estimated visually. In order to obtain intensity 
values, I = f(0) scans were performed. Results 
are given in Table 1. The obtained 0-values agree 
with the calculated ones. 

X-ray diffraction data, as recommended by the 
Joint Committee on Powder Diffraction Stan- 
dards, based upon crystal structure determina- 
tions, may be used for the identification of crys- 
talline materials. As shown in this paper, the 
Guinier powder method gives more precise re- 
suits for d-spacings and a better separation of the 
Bragg reflections, although it is less used than the 
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Fig. 1. 1 = f(20) diffraction spectrum: calculated (lower); ob- 
served from micronized sample (upper). 

I vs. 0 scans. However, the latter may be more 
appropriate  for complementary intensity mea- 
surements. 

In order to detect possible preferred orienta- 
tions, a theoretical I = f(0) pattern was calcu- 
lated. Fig. 1 displays that the experimental spec- 
trum of a micronized sample agrees with the 
calculated one. 

Careful comparison of the observed and calcu- 
lated X-ray diffraction spectra of non-micronized 
samples shows: (1) supplementary reflections at 
0 = 6.32, 22.62 and 26.04 ° on the spectra of some 
ground samples; and (2) discrepancies between 
the observed and calculated intensities of the 
reflections at 0 = 12.72, 15.95 and 19.25 °. That 
would indicate the presence of an impurity or a 
polymorph. But it was verified that these observa- 
tions are due to remaining preferred orientations 
since the reflections quoted could be indexed as 
h00 ones (h = 2, 4, 5, 6, 7 and 8), in agreement  
with the crystal packing of the molecules ' that 
form layers parallel to the (100) face', as quoted 
by Toffoli et al. (1988). These results allowed us 
to verify that compression in the same way as for 
IR spectra does not induce any structural change. 

Thus, the IR spectrum reproduced in Fig. 2 
may unambiguously be related to the previously 

determined crystal structure. From this IR spec- 
trum it can be pointed out that: 

(a) the 3554 c m - t  band may be connected to 
the stretching of the O - H  bond since it disap- 
pears on the spectrum of the corresponding 
S T P - O - S T P  ether-oxide; and (b) the 1001 cm i 
band may correspond to the stretching of the 
C - O -  bond (this band moves towards 1018 c m  1 
when analyzing the corresponding pentane-3-ol). 

Thus, it may be concluded that X-ray diffrac- 
tion and IR studies of STP did not reveal any 
polymorphism since no unindexed reflection could 
be observed from analysis of batches recrysta[- 
lized in various solvents, from which solubility 
data have been obtained. 

The U.V. spectrum of a STP solution in ethanol 
(1.25 x 10 -~ rag/100 rnl solution) displays four 
absorbance maxima at wavelengths close to 306, 
268, 262 and 211 nm. The specific absorbance 

I A l ..... is 580 _+ 20 close to 265 nm. These results 
allowed us to determine the STP solubilities in 
water, ethanol and chloroform at 25 _+ 1 ° C. Ob- 
tained values were 4.6, 10 4, 3.9 × 10 4 and 5.0 x 
104 mg per 100 ml of saturated solution. 

DSC curves show that STP melts at about 
75°C  and decomposes at about 190°C (onset of 
the exothermic effect). Using a FPS00 Mettler 
thermal analyzer, 11 measurements  on 6 batches 
at heating rates of 5 and 10 K rain ~ led to a 
temperature  of fusion Tfu ~ in the range of 74.5- 
75.5 °C (onset of the related endothermic effect) 

ioo 

T , ;  

/' 1 (I ,~, '{! 
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0 i i r ' I ' ' ' ' J , i , / 
i , 3 2 1 0  o 2 4 0 0  2 0 0 0  ' 1 6 1 o 0  L 1 2 1 0  ° 8 1 0 0  c m  - 1  

Fig. 2. IR spectrum (Perkin Elmer 580 spectrograph as KBr 
pellets). 



and to an enthalpy of fusion 3ru~H of 29 + 2 kJ 
m o l -  1. Using a TA4000 Mettler thermal analyzer, 
7 measurements  on 2 batches at heating rates of 
1.5 and 10 K rain i led to Afu~H=28_+ 1 kJ 
m o l -  i. 

First assuming the product to be of high purity 
grade, the curves T~ versus 1/F~ (F i = m o l t e n  
fraction at tempera ture  T i) were used for deter- 
mining T 0, the tempera ture  of fusion of the pure 
compound, using the D T A  curves obtained by 
means of the FP800 analyzer. Graphical repre- 
sentations of T~ vs. 1/F~ showed that the result- 
ing curves were not straight lines as would be 
expected from a cryoscopic effect due to an im- 
purity. However, linearity in the area of low 1/F~ 
values made it possible to estimate T(I by extrapo- 
lation to 75-76 ° C. Applying the Sondack method 
(Sondack, 1972) to the curves obtained using the 
TA4000 analyzer, purity determinations, on slowly 
(1.5 K min -1) heated samples of 2 batches, 
yielded purity values of 99.5-99.8% and T 0 at 
75 ___ 0.5 o C. 

By means of the TA4000 analyzer, crystalline 
samples of 2 batches were subjected to the fol- 
lowing cycles: heating from - 100 ° C up to 120 ° C 
at 10 K min -1, cooling from 120°C down to 
- 1 0 0 ° C  at 20 K min -1 and heating from 
- 1 0 0 ° C  up to 120°C at 10 K min 1. Experi- 
mental  Cp-values were obtained in steps of 5 K 
for crystalline solid, stable and metastable liquid 
and glass. Results may be expressed by the linear 
relationship: 

Cp/J m o l -  1 K -  i = A . T / K  + B 

The following results were found: Cp (crystal)= 
0.740 T + 165.9 and Cp (liquid) = 0.529 T + 359.4, 
in the ranges 218 < T / K  < 338 and 253 < T / K  < 
393, respectively. Experimental  and calculated 
values agree well for both states. The difference 
ACp = Cp (liquid) - C~ (crystal) a t  Tfu s was found 
to be 120 J tool i K-1.  It confirms a rough value 
of about 105 J tool 1 K - I  determined using the 
FP800 analyzer by comparison with the DTA 
curve of a substance with k n o w n  AC e at the 
fusion (Pindivic et al., 1989). 

The molten samples remain in the liquid state 
after cooling to room temperature.  Spontaneous 
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recrystallization of the obtained metastable liquid 
does not occur within 4 months. When cooled to 
- 1 0 0  °C (Fig. 3A) and heated again (Fig. 3B), 
molten STP undergoes a glass transition: the glass 
transition Tg is found in the range - 25 < T g / °  C 
< - 1 9  on heating. The difference A'Cp= Cp 
( l i qu id ) -  Cp (glass) at  Tg iS about 110 J mo l -  
K-1.  It should be noted that A"Cp = Cp (glass) - 
Cp (crystal) at Tg is about 40 J tool-1 K-1.  As 
observed for annealed glasses (Mazi8res, 1978), a 
weak endothermic effect of about 94 J m o l - I  
occurs during heating at the end of the glass 
transition (Fig. 3B) although the glass was not 
annealed. 

Differential thermal analysis did not reveal any 
thermal polymorphism from - 1 0 0  °C up to the 
fusion. The high purity value obtained for STP 
from DTA-experiments,  as presumed from the 

! 

0 

base l ine 

20 0 -210 - 4 0  -610 - 8 0  T°C 

B 

- Ioo  -5o  o 5o loo  T "C  

Fig. 3. DTA curves (Mettler TA4000 analyzer). A. Cooling of 
a molten sample. Tg: onset at - 16.8° C (O), end at -32.5 °C  
(E). B. Heating of a glassy sample. Tg: onset at -25.9  °C 

(O'),  end at - 19.4 ° C (E'). 
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shape of its melting endotherm, was confirmed by 
chromatographic methods: HPLC studies did not 
reveal the presence of the Z(_+) isomer, that of 
the S T P - O - S T P  ether-oxide being detected at a 
concentration lower than 0.25%. 

The average value of the enthalpy of fusion 
allowed us to calculate the entropy of fusion, 
At~S = 84 J tool-  ~ K -  1, which is higher than the 
empirical one of 56 J m o l - I  K t proposed by 
Walden (see Prigogine and Defay, 1944) for com- 
pounds, the molecules of which are neither linear 
nor globular ones. So, STP may be categorized 
among the compounds with higher AfroS values 
(Prigogine and Defay, 1944; Martin, 1973; Jacques 
et al., 1981). 

DTA studies also show that STP may easily be 
obtained in the glassy state at low temperature:  a 
glass transition was observed at a Tg of about 
- 2 0 ° C .  It should be noted that the thus ob- 
tained glass would be particularly persistent since 
Tg and Tt,,~ (K) are in the ratio 0.76, which is 
higher than the one given by the Tamman rule 
( T J K  = 2 / 3  Tfu,~/K). Moreover, this value is one 
of the highest found for compounds which easily 
form glasses (Maziares, 1978). 

Moreover, it was observed that no recrystal- 
lization occurred during heating and that STP 
remained in the liquid state after it was cooled to 
room temperature,  and stored within 4 months. 

The easy formation of a metastable persistent 
liquid at 25°C  may be connected to the pre- 
s u m e d  o c c u r r e n c e  of a l o w - t e m p e r a t u r e  
metastable eutexy between the STP enantiomers. 
This hypothesis would agree with the fact that 
enantiomers have been found to be liquid at 
room temperature.  Using the Pr igogine-Defay 
equation in the form given by Jacques et al. 
(1981), the racemate-sided liquidus curve of the 
phase diagram between A and R STP ( A =  
optically active, R = racemate)  may be calculated 
and should be the same as the experimental one 
since it describes ideal solutions. Calculations in- 

dicate that the liquidus at 290 K is made of 99.7 
mol% of I enantiomer.  Thus, the eutectic liquid 
between A and R could be degenerated on the 
optically active form. 

Experimental studies on this phase diagram 
are being undertaken in order to check these 
hypotheses. 
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