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Abstract  

The phase stabilities of three pseudopolymorphs of DN-9693 were studied by using thermo- 
gravimetry and differential thermal analysis. The thermal dehydration of DN-9693-2HCI.H20 
proceeds by the mechanism of two-dimensional growth of nuclei. The thermal dehydration of 
0.5 mol of H20 per mol of DN-9693.2HCI.2H20, and that of 2 mol of H20 per mol of DN- 
9693.2HC1.3H20, proceed by the mechanisms of three-dimensional diffusion and three-dimen- 
sional phase boundary reaction, respectively, but the dehydration followed overlaps with the 
thermal elimination of HCI. The half-lives for the dehydration at 25~ show that DN-9693.2HC1. 
H20 is the most stable form. 
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Introduction 

7-Piperidino- 1,2,3,5-tetrahydroimidazo[2, l-b] quinazolin-2-one (DN-9693) 
is a new phosphodiesterase inhibitor (Chart 1). In the solid state, DN-9693 has 
been found to exist in at least three different physical forms: form I (dihydro- 
chloride monohydrate), form II (dihydrochloride dihydrate) and form III (dihy- 
drochloride trihydrate). 
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Chart 1 The structural formula of DN-9693 

It is well known that physical forms such as pseudopolymorphs affect physi- 
cal and chemical stabilities, solubilities and bioavailabilities. As the solubilities 
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of these pseudopolymorphs are sufficiently high, the phase stability is the most 
important factor in selection of the physical form for the bulk substance. 

The present study was conducted to clarify the processes of elimination of 
crystal water and hydrogen chloride from these pseudopolymorphs, the thermo- 
gravimetric technique being used to select the most stable physical form. 

Expe~mental 

Materials 

Form I (DN-9693.2HCI.HzO) was of pharmaceutical grade; it was synthe- 
sized in our laboratory [1], and was used without further purification. 

Preparation of form H (DN-9693.2HCI.2H20) 

Form I (1.0 g) was dissolved in water (2 ml) and the solution was filtered. 
The filtrate was allowed to cool at 5~ for 1 day, and crystallization was then 
induced by scratching the wall of the flask. The resulting crystals were collected 
by filtration and were air-dried at room temperature for 24 h. 

Preparation of form III (DN-9693.2HCl.3H20) 

Form I (0.5 g) was dissolved in water (1 ml) and the solution was filtered. 
The filtrate was concentrated to one-third of its original volume. The solution 
was allowed to cool at 5~ for 24 h. The resulting crystals were collected by fil- 
tration and were air-dried at room temperature for 24 h. 

Powder X-ray diffraction 

The measurement was made with a powder X-ray diffractometer (Ri- 
gaku Denki model GEIGER FLEX 2012) under the following conditions: tar- 
get, nickel-filtered CuK~ radiation, ~=1.5418 A; voltage, 35 kV; current, 
20 mA; receiving slit, 0.15 mm; scanning speed, 2 ~ 20/min. 

Measurement of water content 

The water contents of the samples were determined by the Karl Fischer 
method (type MK-II, Kyoto Denshi Kogyo). 

Thermal analysis 

The thermal curves of the samples were recorded by thermogravimetry (TG) 
-and differential thermal analysis (DTA) (model SSC/580 TG/DTA20, Seiko 
Denshi Kogyo). The conditions for TG-DTA were as follows: sample mass, 
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ca. 10 mg; sample holder, an open aluminum pan; atmosphere, N2 gas flow 
(100 ml/min); heating rate, 1, 2, 4, 5, 10 or 15 deg.min -~. 

The data obtained from the TG curves were processed on a Burroughs 6800 
computer and/or a FACOM M760 computer in the same manner as described 
previously [2]. 

Elucidation of the eliminated molecule 

In order to elucidate the eliminated molecule, elemental analysis and thin- 
layer chromatography (TLC) were performed. The sample was prepared by use 
of TG at a heating rate of 5 deg.min -1. TLC was carried out under the following 
conditions. 

Plate: Silica gel 60 F254 (E. Merck, Darmstadt, Germany) 
Developing solvents: a) CHCI3/MeOH (6:1 v/v); b) n-BuOH/AcOH/H20 

(1:1:2 v/v) 
Detection: 254 nm 

Results and discussion 

Elemental analysis 

The results of elemental analysis and water contents for the pseudopoly- 
morphs are shown in Table 1. These data prove that forms I, II and III are DN- 
9693.2HCI.H20, DN-9693.2HCI-2H20 and DN-9693.2HCI.3H20, respectively. 

X-ray powder diffraction 

The powder X-ray diffraction patterns of forms I, II and III are shown in 
Fig. 1, which reveals that the diffraction patterns differ distinctly from each 
other. Form I exhibits characteristic peaks at 12.3, 17.5, 25.9 and 29.0 de- 
grees, form II at 8.8, 21.6, 26.2 and 27.7 degrees, and form III at 8.4, 22.2, 
24.4 and 26.2 degrees. These substantial differences in both the intensities and 
the positions of the diffraction peaks permit their discrimination from one an- 
other. 

Thermal analysis 

Figures 2-4 depict the TG and DTA curves of forms I, II and III. 
For form I, the loss in mass takes place in three steps. Elemental analyses 

and TLC demonstrate that the first loss in mass (5.4%), which occurs at about 
106-152~ is due to the release of 1 mol of H20 (calcd. 4.99%). The second 
loss in mass (19.8%), which occurs in the interval 152-280~ is due to the 
elimination of 2 mol of hydrogen chloride (calcd. 20.18%). The last loss in 
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Fig. 1 Powder X-ray diffraction patterns of form I, form II and form III 

mass, which begins at about 280~ is due to the decomposition of DN-9693. 
The DTA curve shows an endotherm at 138~ corresponding to the dehydra- 
tion, with others at 221 and 270~ corresponding to the elimination of hydro- 
gen chloride, and at 323 ~ corresponding to the decomposition of DN-9693. - 
The TG-DTA observations may be summarized as follows: 

1st step: DN-9693.2HCI.H20 ~ DN-9693.2HCI. +H20 
2nd step: DN-9693.2HCI ---> DN-9693+2HCI 
3rd step: DN-9693 --~ decomposition 

For form II, the loss in mass takes place in four steps. Elemental analyses 
and TLC show that first loss in mass (3.1%), which occurs at about, 35-96~ 
is due to the release of 0.5 mol of  H20 (calcd. 2.37%). The second loss in 
mass (16.1%),which occurs in the interval 96-233~ is due to the elimination 
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of both 1.5 mol of H20 and 1 mol of hydrogen chloride (calcd. 16.74%). The 
third loss in mass (9.6%), which occurs in the range 233-297~ is due to the 
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elimination of 1 tool of hydrogen chloride (calcd. 9.61%). The last loss in 
mass, which begins at about 297~ is due to the decomposition of DN-9693. 
The DTA curve shows endothermic peaks at 60~ corresponding to the dehy- 
dration, at 163 and 178~ corresponding to the simultaneous elimination of 
crystal water and hydrogen chloride, and at 240~ corresponding to the elimi- 
nation of hydrogen chloride. The TG-DTA observations may be summarized as 
follows: 

1 st step: DN-9693.2HC 1.2H20 --~ DN-9693.2HC1-1.5H20 + 0.5H20 
2nd step: DN-9693.2HCI- 1.5H20 ---) DN-9693.HCI + 1.5H20 + HCI 
3rd step: DN-9693.HCI ~ DN-9693+HCI 
4th step: DN-9693 --) decomposition 

For form III, the loss in mass takes place in four steps. Elemental analyses 
and TLC demonstrate that the first loss in mass (9.7%) which occurs at about 
43-66~ is due to the dehydration of 2 mol of H20 (calcd. 9.07 %). The second 
loss in mass (12.7%), which occurs in the interval 66-203~ is due to the si- 
multaneous elimination of both 1 mol of H20 and 1 mol of hydrogen chloride 
(calcd., as I-ICI+H20, 13.71%). The TG curve indicates a bending point at 
135~ It seems that the mechanism of the reaction changes at about 135~ and 
the loss in mass occurs in two steps in the intervals 66-135~ and 135-203~ 
Several detailed examinations of the loss in mass clarified that the loss (3.3%) 
in the interval 66-135~ was mainly due to the release of 1 mol of H20, while 
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that (9.4%) at 135-203~ was mainly due to the elimination of 1 mol of hydro- 
gen chloride. The third loss in mass (9.2%), in the range 203-249~ is due to 
the elimination of 1 tool of hydrogen chloride (calcd. 9.18%). The last loss in 
mass, which begins at about 250~ is due to the decomposition of DN-9693. 
The DTA curve shows endothermic peaks at 64~ corresponding to the dehy- 
dration, at 122 and 161~ corresponding to the simultaneous elimination of 
crystal water and hydrogen chloride, and at 236~ corresponding to the elimi- 
nation of hydrogen chloride. The TG-DTA observations may be summarized as 
follows: 

1 st step: DN-9693.2HC1.3H20 --> DN-9693.2HCI-H20 + 2H20 
2nd step: DN-9693.2HCl.H20 --~ DN-9693.HCl+H20+HC1 
3rd step: DN-9693-HCl --~ DN-9693 +HCI 
4th step: DN-9693 --~ decomposition 

Kinetics and mechanisms of the thermal reaction 

Kinetic analysis with respect to the dehydration and the elimination of hydro- 
gen chloride from the pseudopolymorphs was carried out according to the 
Ozawa method [3]. The activation energies (E) obtained by the Ozawa method 
are given in Table 2. 

In the case of form I, the activation energies of the 2nd step, the elimination 
of 2 mol of hydrogen chloride, differ between the first half (90.0 kJ/mol) and 
the second half (106.7 kJ/mol). These observations suggest that the elimination 
of 2 mol of hydrogen chloride involves two unit processes. On the other hand, 
the activation energies of the 2nd step for form II and form III, which consist in 
the simultaneous elimination of crystal water and hydrogen chloride, gradually 
decrease with the progress of the reactions. Therefore, the activation energies 
of these reactions could not be determined. 

These activation energies were extended to determine the reaction mecha- 
nisms through the use of Eq. (1): 

g(cz) -- A0 (1) 

where cz is the fraction of reaction, A is the preexponential factor in the Ar- 
rhenius equation, and 0 is the reduced time [4]. In this study, 10 mechanistic 
models (g(ot)) were used for curve-fitting of the TG data [5] to determine the 
reaction mechanism and A, respectively. 

Table 2 presents data on the reaction mechanism, E and A for the dehydra- 
tion and the elimination of hydrogen chloride from DN-9693 pseudopoly- 
morphs. 
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The stability of the crystal water for forms I, II and III was predicted by ki- 
netic calculations with the kinetic parameters show in Table 2. The half-lives 
(tl/2) of dehydration at 25~ were calculated to be 8.7 years for form I, 
2.2 years for form II, and 51.1 h for form III. On the basis of these tlz2 values, 
it is concluded that form I is the most stable of the three pseudopolymorphs. 
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Zusammenfassung m Mittels TG und DTA wurde die Phasenstabilit~t von drei Pseudopolymor- 
phen von DN-9693 untersucht. Die thermisehe Dehydratation yon DN-9693-2HCI,H20 erfolgt 
fiber cinch zweidimensionalen Kernwacbstumsmcchanismus. Die thermische Dehydratation yon 
0.5 tool Wasser pro Mol DN-9693.2HCI.2H20 bzw. die yon 2 tool Wasser pro Mol DN- 
9693.2HCI.3H20 erfolgt fiber den Mechanismus der~drcidimensionalen Diffusion beziehung- 
sweise einer dreidimensionalen Phasengrcnzschiehtrcaktion, jedoeh ist die Dehydratation durch 
die thermisehe Eliminierung von HCI 0berlagert, Die Halbwertszeit ffir die Dehydratation bei 
25~ zcigt, dab DN-9693.2HCI.H20 die stabilste Form ist. 
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