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Abstract

Taltirelin, a central nervous system activating agent, has two crystal formasi3-forms). Previously it has been reported that methanol
(MeOH) as a co-solvent promoted the solvent-mediated phase transformation-farm to 3-form. In the present study, the mechanism
of the promotion was investigated. Of the three processes in the solvent-mediated transformation, namely dissolution of the metastal
form, nucleation of the stable form, crystal growth of the stable form, MeOH promoted the latter two processes. In particular, the nucleatio
was strongly promoted. The nOe (nuclear Overhauser effect) data suggested that MeOH promotes the conformational change from |
a-form to the3-form. The solute—MeOH interaction resulted in the formation of pseudo-polymorphs @-ftven (2H,O-MeOH or
H,0-2MeOH solvate), although these pseudo-polymorphs were exchangeablg3tdatime (4H,O solvate) under a humid atmosphere.
Based on these findings, a possible mechanism of the transformation of taltirelin polymorphs in the presence of MeOH was discusse
© 2001 Elsevier Science B.V. All rights reserved.
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1. Introduction In the present study, the mechanism of the MeOH-promo-
ted transformation was investigated. The solvent-mediated
Controlling polymorphism of drugs is important in the transformation proceeds through three processes, namely
pharmaceutical industry [1,2]. Differences in crystal forms dissolution of the metastable form, nucleation of the sta-
cause several problems in bioavailability [3-5], stability [6], ble form, and crystal growth of the stable form. First, we
and industrial properties [7-9]. In our previous paper [10], examined which process is promoted by MeOH. Then, the
taltirelin (TTL), which is a central nervous system activat- mechanism of the promotion was discussed through the
ing agent [11], (-N-[(S-hexahydro-1-methyl-2,6-dioxo-4-  X-ray structural analysis of thg-form precipitated in the
primidinylcarbonyl]-I-histidyl-I-prolinamide  tetrahydrate =~ MeOH-water mixed solvent.
(Fig. 1), was studied in connection with good manufac-
turing practice (GMP). This compound has two crystal
forms: a-form (triclinic, P1) andp-form (orthorhombic,
P22121). The a-form is chosen as a dosage form. How-
ever, this form is metastable in crystallization slurry, so that , .
solvent-mediated phase transformation@dorm occurs.  2-1. Materials and analysis of polymorph
In order to suppress the transformation, critical parame-
ters that affect the transformation were investigated, and TTL (supplied by Tanabe Seiyaku; molecular formula

methanol (MeOH) was revealed to strongly promote the C17H23N70s-4H0, Mw 477.47, Lot 301030) was used
transformation [10,12]. without further purification. X-ray powder diffraction (Mac

Science, MXP3VA) and IR spectroscopy (Horiba, FT-IR
300) were used to identify the polymorphs and to estimate

* Corresponding author. Tek:81-6-6605-2700; fax:+81-6-6605-2701.  their composition in the precipitate. Aqueous solutions of
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2. Experimental
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Nomenclature

Xa mass fraction of3-form in precipitate

kt overall transformation rate constant in
Eq. (1) (1)

t elapsed time (h)

0 induction period of transformation (h)

Ry growth rate of the3-form (um/h)

Ca solubility of a-form (solute weight/solution
weight %)

Cs solubility of B-form (solute weight/solution
weight %)

AC  degree of supersaturation expressed
as C.—Cg) (solute weight/solution weight %)

crystallization. In this paper, 50% MeOH means that the
aqueous solvent contains 50 wt.% MeOH.

2.2. Transformation processes

2.2.1. Measurement of the dissolution rate of the
metastable formao(-form)
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measured under a digital microscope (Keyence, VH-6300).
The TTL concentration in the cell was adjusted at the con-
centration corresponding to the solubility of theform at

the MeOH concentration.

2.3. Measurement of nuclear Overhauser effect (nOe)

The intensity of nOe betweengéH and Gg-H was mea-
sured using a 500 MHz NMR spectrometer (Varian Unity
500) in D,O—-CD3;0OD mixed solvent. Taltirelin recrystallized
twice from D,O was used for the measurement.

2.4. Recrystallization in a high concentration of MeOH

One gram of thex-form was placed in a 5 ml sample tube
and was dissolved in 3 ml of solvent (50—-100% MeOH) by
heating &45°C). The tubes were sealed and allowed to stand
for several days at room temperature. Prism crystals were
precipitated. X-ray diffraction data were obtained using a
Rigaku AFC5R diffractometer (graphite monochromatized
Cu Ka radiation). The single crystal was placed in a capillary

was charged 70 ml of solvent (0 and 10% MeOH). The inner
temperature was controlled at°I® using a thermostat and
the solvent was agitated at 300 rpm. After 30 g of TTL was

added, the supernatant was sampled at regular time intervals

and the TTL concentration was determined by HPLC.

2.2.2. Influence of seed on nucleation of the stable form
(B-form)

Experiments for the transformation were carried out in
the same manner as described in the previous paper [10]
Seventeen grams of solvent was placed in a 200 ml cylindri-

disintegration of the crystal.

2.5. Exchange of solvate molecule

Exchange of solvate molecule from MeOH to water in the
crystal was performed using a humidity cabinet (Tabai espec
corp., LHL-112M). The MeOH solvated crystal was main-
tained at 80% relative humidity (RH) at 20 for 16 h. The
water content of crystals was measured using a Karl-Fischer
(KF) moisture meter (Kyoto electronics, MKA-3).

cal jacketed glass vessel and the inner temperature was con-

trolled at 10C. Thirty grams of thex-form crystal was then
added. Sieve@-form crystals (105-14@m) were used as
seeds for the transformation in water containing 3% MeOH.
The amount of seeds was 0.1% (30mg) for the charged
amount of TTL (30Q).

2.2.3. Influence of MeOH on crystal growth of the stable
form (8-form)

After a crystal of theB-form was fixed on a needle in a
cell, crystal growth in water containing 0—10% MeOH was

N//\NH
o —l53 +4H20
25
HSC\N 6 5 24 2019 .
2 4 13 N
07 >N~ YCONH™ Y {7
H O  CONH,

Fig. 1. Chemical structure of taltirelin and position number of carbon
atom.

3. Results and discussion
3.1. Influence of MeOH on transformation processes

The solvent-mediated transformation proceeds through
the following three processes: (1) dissolution of the
metastable form; (2) nucleation of the stable form; and (3)
growth of the stable form. In order to clarify the influence
of MeOH on the transformation, each of the three processes
was examined.

3.1.1. Influence of MeOH on dissolution of the metastable
form

Fig. 2 shows the time-course of TTL concentration during
the dissolution of the:-form in 0 and 10% MeOH. The dis-
solution rates were fast: the concentration reached the solu-
bility after 5min. No difference was observed in these rates.
In conclusion, MeOH had little influence on the dissolution
of the metastable form (the-form).
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Fig. 2. Influence of MeOH on dissolution rate @form. Fig. 4. Influence of MeOH on crystal growth rate @fform.
3.1.2. Influence of MeOH on nucleation of stable form induction period for the transformation. The transformation

In our previous paper [10], we reported that the induc- began with no induction period just after tBeform seeds
tion period for the solvent-mediated transformation became were added. The transformation rate also increased, probably
shorter as a result of an increase in MeOH concentration. due to the secondary nucleation. These results show that the
The induction period includes the time required for the dis- nucleation is an important process for the transformation.
solution of the metastable form and the primary nucleation
of the stable form. Since the dissolution was fast and not 3.1.3. Influence of MeOH on crystal growth of the stable
affected by MeOH as shown in Fig. 2, the decrease in the form
induction period can be explained by the phenomenon that The presence of impurities often affects crystal growth
the nucleation of the stable form (tigeform) is promoted. [13,14]. Generally, impurity acts as an inhibitor of crystal
If this explanation is true, the addition of thieform seed growth by adsorbing onto the crystal surface. In order to
crystals should extremely reduce the induction period. In examine the influence of MeOH on the crystal growth of
order to confirm this, the effect @-form seed crystals on  the stable form (th@-form), the rate of crystal growth was
the induction period was examined. Fig. 3 shows the effect measured at a TTL concentration equal to the solubility of
of the addition ofg-form seed crystals to the suspension of thea-form in 0-10% MeOH. The crystal morphology of the
the a-form crystals in 3% MeOH. In Fig. 3, the experimen- B-form was little affected by MeOH at these concentrations.
tal data were arranged by the following transformation rate Fig. 4 shows the relationship between the crystal growth rate

equation [10,13]. of the stable form at the solubility of the-form, Ry, and
dx the MeOH concentration. The growth rate increased with an
=B _ kTX§/3 Q) increase in MeOH concentration.
dr Based on these results, MeOH was concluded to simulta-
13 _ kr . vl/3 neously affects nucleation and crystal growth. In our previ-
Xgo = 3 =9 O=r=6:X7=0 2) ous paper [10], we reported that the overall transformation

rate constantkt, increased exponentially with an increase
in MeOH concentration. However, as shown in Fig. 4, the
growth rate was proportional to MeOH concentration. The
difference in the dependencies kf and Ry on MeOH

whereX; is the mass fraction of thg-form in the precipitate,
theks is the overall transformation rate constant, anslthe

concentration means the difference in their sensitivities to
MeOH, although the absolute values cannot be directly
0.75+ compared. The high sensitivity ¢fr to MeOH is proba-
bly originated from the higher sensitivity of the nucleation
mz 054 rather than the crystal growth.
0.254 Addition of 3.2. Considerations for the promotion effect of MeOH in
B-form seed .
(0.1t %) nucleation
0 T 1 T e
0 2 4 6 3.2.1. Effect of MeOH on the solubility

If the solubility of theB-form is decreased by MeOH more
than that of thex-form, the nucleation op-form would be
Fig. 3. Additive effect of seed of-form on transformation. promoted. In order to examine this possibility, the solubility

Elapsed time t [hr]
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Fig. 5. Solubilities of taltirelin polymorphs in various concentration of ~Fi9- 7. Intensity of nOe betweengdH and Gg-H at various concentration
MeOH. of CD30D in D,O.

an increase in MeOH concentration. This result suggests
that MeOH causes the conformational change from the
a-conformer to-conformer through the solute—MeOH in-
teraction. In other words, it is implied that TTL molecules
tend to take the3-conformer in the presence of MeOH.
The increase i3-conformer should be advantageous for
the nucleation and crystal growth of tReform.

of the polymorphs was measured in 0—10% MeOH &aClL0
Fig. 5 shows MeOH dependencies on the solubility of the
polymorphs. The solubility of each polymorph was slightly
decreased with an increase in MeOH concentration. How-
ever, the differences between the solubility of the twe;,
were little changed by MeOH, indicating that the large effect
of MeOH on the transformation cannot be explained\y.

3.2.3. Solute—MeOH interaction

In order to examine the solute—MeOH interaction, X-ray
structure analysis was carried out for the crystals that were
precipitated in a high concentration of MeOH. As mentioned
in Section 2, none of the crystals obtained were stable on
exposure to the air, upon which the crystals disintegrated.
However, in the case of the crystals that were precipitated
in 50% MeOH, the disintegration was not severe. Care was
taken to avoid drying during the X-ray analysis.

X-ray structure analysis showed that all crystals are of
the B-form. However, the solvating molecules were dif-
2.913A. If the conformation of the solute molecules in the ferer)t.from t.hose in thes-form (tetrghydrate) that were

precipitated in water, as presented in Table 1 and Fig. 8.

solution is similar to that of thex-form, nOe should be The crystals that were precipitated in 70% MeOH were
b d. Fig. 7 ts the ch in the intensity of nO _ 0
ODSEIVEC. F1g. 7 presents the change in fhe intensity ot n emonomethanolate-d|hydrate (MeOH-Bt  B-lI-form)

between G-H and Gg-H. It shows that the conformation o '
of the solute is similar to the:-conformer in water and and the crystals that were precipitated in 90 and 100%
: : . MeOH were dimethanolate-monohydrate (2MeOHGH
hat th -H h X .
that the distance betweery &t and Go-H increased wit B-IlI-form). The hydrating water in the crystalgll-form)
that were precipitated in 100% MeOH must have origi-

3.2.2. Effect of MeOH on the conformation of TTL

The conformation of solute molecules in solution must be
influenced by solute—solvent interaction [12,14-18]. In the
case of TTL,B-conformer might become predominant with
an increase in the concentration of MeOH. Here, we discuss
the conformational change through nOe experiment, which
is one of NMR spectroscopies. If the different hydrogen
atoms exist within 4-5 A in a solution, nOe can be observed.
Fig. 6 shows the structures of TTL polymorphs determined
from the X-ray structural analysis [10]. The distance be-
tween the two protons, &2H and Ggo-H, in the a-form is

Table 1
Relation of MeOH concentration and crystal form
MeOH concentration (wt.%) Crystal form Solvation

0 B 4H,0
50 B-I Not determined
70 B-l 2H,0-MeOH
90 B-I H>,0-2MeOH
100 B-1I H ,0-2MeOH

B-form

aSolvation of crystal could not be determined from X-ray structural
Fig. 6. Conformation of polymorphs [10]. analysis because of disorder of the solvating MeOH and water molecule.
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nated from the parent tetrahydrate crystailsf¢rm) that
were dissolved to prepare TTL solution. The solvation of
the crystals that were precipitated in 50% MeOH could
not be determined, although the structure of TTL was
determined. This implied that the solvent coordinated in
the crystal was not fixed in MeOH or water in the whole
crystal. For convenience, we refer to this as freform.
The details of the crystallographic data for tBe B-II-,
and B-lll-forms are presented in Table 2, along with the
a-form. The three3-form crystals belong to the orthorhom-
bic crystal system and the P22, space group, whereas
the a-form belongs to the triclinic crystal system and P1
space group. Therefore, tigell- and B-lll-forms are re-
garded as the pseudo-polymorph of tAgform. As the
number of solvating MeOH molecules increased, the unit

Table 2

Crystal data of polymorphs and pseudo-polymorphs at 293 K

N
. "
N H20>2
H H 26 4
HN N Ha0>
O?/ H20D
— N 0 N 3"
— HaC™ 7
Y @D ¢ ;NHQ
23
o)
22

Water content in crystal [%]

16 A theoretical content
o 1 of tetrahydrate
144 é ; T 15.1%
a
124
° 40°C,70%RH 2hr
104 a just after filtration
and drying theoretical content
8 of dihydrate
8.2%
6 T T T T T
0 2 4 6 8 10

MeOH concentration [wt%)]

Fig. 9. Change of water content after filtration.

a-form B-form Pseudo-polymorphs @-form
(4H,0) (4H,0) B-Il (2H,0—-MeOH) -1l (2H,0-MeOH)
a 12.345A 11.981A 12.103A 12.499A
b 12.835A 21.809A 21.716 A 21.875A
c 7.938A 8.942 A 8.918A 8.911A
a 103.67 90 90 o
B 106.89 9@ [0 90
Y 91.18 90 90 o
Crystal system Triclinic Orthorhombic Orthorhombic Orthorhombic
Space group P1 R2121 P2,2:2;1 P22:21
VA 2 4 4 4
Density (calculated) 1.362 g/dm 1.357 g/cm 1.342 g/cri 1.329 g/cm
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Metastable crystals (a-form; tetrahydrate)

Dissolution

o—conformer — 3  B-conformer

Conformational change

(Promotion by MeOH)

Nucleation of the B-form

Nucleus

l

Crystal growth of the pseudo-
polymorphs

Crystals (B-L, B-II, B-III-forms)

l

Exposure to a humid atmosphere

Stable crystals (B-form; tetrahydrate)

Fig. 10. Possible mechanism of the solvent mediated-transformation of taltirelin promoted by MeOH.

cell length of thea-axis elongated and that of theaxis

exchanged with water by exposing them to a humid

shortened slightly, probably due to the volume and position atmosphere.

of the MeOH molecule.

The solvation of crystal with MeOH was also observed
for the crystals obtained in a low concentration of MeOH
(less than 10% MeOH). Fig. 9 shows the water content of
crystals after the transformation in the mixed solvent of
water and MeOH. The water content decreased from the
theoretical value of tetrahydrate (15.1%) with an increase
in MeOH concentration. The content, however, did not de-
crease down to a theoretical value of dihydrate (8.2%) even
in 10% MeOH. When the crystals were incubated at 70%
RH at 40C for 2h, the water content recovered to the
theoretical value of tetrahydrate. The exchange of solvate
molecule from MeOH to water in the crystal was possi-
ble for thep-ll- and B-llI-forms by immediately exposing
them at 70% RH at 4@ for 16 h after separation from the
solution.

These findings suggest that significant interaction exists
between TTL and MeOH in solution.

3.3. Overview of the promotion effect of MeOH in the
transformation of thex-form to theg-form

Fig. 10 shows a model of the transformation of thérm

to theB-form in the presence of MeOH. The dissolution of
the metastable crystala{form) is not influenced by MeOH.
TTL molecules that have just been released from the crystal
should bea-conformers. In the solution, TTL molecules
tend to take3-conformers through TTL—-MeOH interaction.
The increase ifs-conformer is advantageous for the nucle-
ation and crystal growth of thg-form. Consequently, the
presence of MeOH promotes the solvent-mediated trans-
formation of TTL. The crystals produced in this manner

4. Conclusion

1. The transformation process that was most strongly
affected by MeOH was the nucleation of tBeform
(stable form). An increase in MeOH concentration
causes the induction period of the transformation,
namely the waiting time for the nucleation of the
B-form, to become shorter.

2. As the solubility of polymorphs was little affected by
MeOH, the solute—solvent interaction was thought to
be a dominant factor of the transformation. The nOe
measurement suggested that MeOH promotes the con-
formational change of the solute from tlaeform to
the B-form.

3. Unstable crystals were obtained by recrystallization of
the a-form in a high concentration of MeOH. These
crystals were the pseudo-polymorphs of fhdorm
with solvated MeOH. The solvate exchange from
MeOH to water occurred easily under a humid at-
mosphere while maintaining the crystal form, so that
these crystals were regarded as an intermediate of the
transformation.

4. A possible mechanism of the solvent mediated trans-
formation of taltirelin polymorphs promoted by MeOH
is proposed. The nucleation and crystal growth of the
B-form crystals are promoted. The conformational
change of thex-form to B-form is promoted by MeOH
through TTL-MeOH interaction. Pseudo-polymorphs
also act as an intermediate.

contain MeOH molecules as solvate. Depending on the con-Acknowledgements

centration of MeOH in solution, two pseudo-polymorphs
(B-1I-, and B-lll-forms) or an intermediate @-I-form)
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