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Abstract: With the recrystallization method, a new lorcaserin hydrochloride form has been prepared,
and compared with the original form. The two forms had been analyzed by using powder X-ray
diffraction (PXRD), differential scanning calorimetry (DSC), thermal gravimetric analysis (TGA), and
scanning electron microscopy (SEM). The new form was confirmed exist, and it is different from t the
original form. This is the first report about the lorcaserin hydrochloride new form .
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Polymorphism is popular for pharmaceutical solids [1]. As a consequence, it is important to
identify its existence and ensure consistency and control of the active pharmaceutical ingredient
(API) which is used in the drug product [2] .The most useful methods for characterizing and
ensuring the purity of crystalline standards is the determination of crystallographic structure [3]. In
fact, once the establishment of the crystallographic structure has been done, morphology
modification can easily be made by analysis of forces that cause growth. Generally, it can readily
to get single crystals of the stable polymorphic, but the great challenge is involved in preparing
meta-stable forms [4]. Lorcaserin hydrochloride [5-6], [R-8-chloro-1-methyl-2,3,4,5-tetrahydro-1H3-benzazepine hydrochloride, has three crystalline forms, individually designated as Form Ⅰ,
Form Ⅱ, and Form Ⅲ ( Fig. 1). Form Ⅰ and Form Ⅱ are anhydrous, hygroscopic forms, both of
which readily convert to Form Ⅲ, a hemihydrate, upon exposure to moisture. A new form of
lorcaserin hydrochloride was reported in this paper, here named Form Ⅳ. Single crystals of the
stable polymorphic Form Ⅲ with sufficient size and quality sufficient size and quality can be
obtained by adjusting growing conditions. But more challenge is involved for meta-stable Form Ⅳ,
smaller crystals of poor quality relative to the stable form.

Me
Cl
NH·HCl
Figure 1. Molecular Structure of lorcaserin hydrochloride
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Lorcaserin hydrochloride has been approved for the treatment of Obesity, it is better than
Sibutramine hydrochloride which is an active ingredient for the treatment of obesity [7-9] .The
hemihydrate hydrochloride form, Form Ⅲ, is presently commercialized for clinical treatments
under the trade names of Belviq® (in the USA). The X-ray powder diffraction patterns for the
Form Ⅲ polymorphs was reported, but the Form Ⅳ was no, the structures of the crystals of this
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compound has not been reports so far. Thus, aiming at the crystallographic structure of both the
stable (Form Ⅲ) and the meta-stable (Form Ⅳ) polymorphic forms of lorcaserin hydrochloride, a
series of experiments were carried out. The crystal structure of the stable crystalline form was
determined by single crystal X-ray diffraction [10]. Due to the suitable size of the Form Ⅳ crystals
could not be obtained, so its structure was determined by X-ray diffraction [11].
During initial attempts to dissolve the Form Ⅲ in some specific solvents at 50℃, 4 hours,
maintain equilibrium, to get the Form Ⅳ, the product was the meta-stable crystalline Form Ⅳ,
determined by X-ray powder diffraction. Later attempts to crystallize this form was fail. The main
focus of this study will be on the structure elucidation, the unknown crystal structure of such a
complex compound as lorcaserin hydrochloride could be solved from X-ray powder diffraction
data.

1 Experimental
1.1

Materials and Methods
The active pharmaceutical ingredient of the lorcaserin hydrochloride Form Ⅲ was provided

by the cooperation company. Single crystals of lorcaserin hydrochloride Form Ⅲ were obtained
by recrystallization from a number of different solvents including ethanol, acetone and acetonitrile,
55

maintained near room temperature. Dissolve the Form Ⅲ in some specific solvent at 50℃, 4
hours, maintain equilibrium allows the preparation of the Form Ⅳ in quantitative yields. These
materials were characterized by X-ray single crystal and powder diffraction methods.
1.2

Thermal Analysis
In certain conditions, Form Ⅳ is easy to convert to Form Ⅲ
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in the solid phase. Thermal

behaviors of the samples were recorded on a differential scanning calorimetry (PYRIS Diamond
DSC, Perkin Elmer Co., USA) with temperature ranging from 40 ℃ to 240 ℃ at a heating rate
of 10 ℃ /min under N2 gas purge. And thermogravimetric analysis (TGA) was also performed
on the samples using a PE Instrument Pyris 1 TGA system.
1.3
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Single Crystal Diffraction
A suitable and clear single crystal of dimensions 0.25mm ×0.27mm ×0.30mm was put in a

thin glass fiber and immersed in a flowed nitrogen at -100℃. Data were collected using a MoKα
(λ=0.71073Å) radiation from a fine-focus sealed tube. The parameters of crystal lattice were
determined from the setting angles of 25 reflections distributed in reciprocal space. The structure
of single crystal was solved by direct methods [12].
70

1.4

X-Ray Powder Diffractrion
Deposited the sample Form Ⅳ and Form Ⅲ on a quartz monocrystal as a Zero-background

sample holder. The XRPD trace was collected on a powder diffractometer (Thermal ARL X’TRA,
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Thermal Technology Co., LLC, USA) using Ni-filtered Cukα radiation (λ=1.5418Å). The
generator was operated at 40 KV and 40 mA, and diffraction data were recorded by a liner
position-sensitive detector. The scan data was 3° to 40° 2θ, at a scanning rate of 1.2°/min, with
step size of 0.02°.
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2 Results And Discussion
2.1
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X-ray Diffraction Analysis

The information of the single crystal X-ray diffraction analysis for the lorcaserin
hydrochloride Form Ⅲ, including cell parameters, in given in Table 1. Lorcaserin hydrochloride
Form Ⅲ was found to exhibit the P212121 space group, belongs to orthorhombic, crystal system
with cell parameters a=8.2396(4)Å, b=11.5169Å, c=26.5462Å, α=β=γ=90°, V=2519.1(2)Å3, Z=4,
every unit cell with four lorcaserin hydrochloride molecules and two water molecules in the
unique crystallographic repeat (Fig. 2). The C8, C9 and N1 are form a plane which is not coplanar
with benzene ring, so the regularity of the permutation was reduced. The existence of one water
molecule between the two lorcaserin hydrochloride lead to an intramolecular hydrogen bond
between N1, O and N2, so the regularity was improved.
Information about the x-ray powder diffraction analysis for the Form Ⅲ and meta-stable
Form Ⅳ is given in Table 2. Because of the meta-stable Form Ⅳ could only be determined by
x-ray powder diffraction method, but by refining the X-ray powder diffraction data of Form Ⅳ
show that Form Ⅳ was exhibit the P1(1) space group with two lorcaserin hydrochloride molecules
and one water molecule in the unique crystallographic repeat. Due to Form Ⅳ is easy to convert to
Form Ⅲ in solid phase, diffraction patterns obtained for these forms were often combined peaks
form the hemihydrate, Form Ⅲ. The diffraction pattern of Form Ⅲ differs significantly from the
diffraction patterns of Form Ⅳ, having several unique peaks. X-ray powder diffraction peaks for
each of the two forms are compared in Table 2 above. The Form Ⅳ has an x-ray powder
diffraction pattern comprising peaks, in terms of 2θ, at about 11.4°, about 12.5°, about 22.3°, or
about 26.9°. The Form Ⅲ and Form Ⅳ have x-ray powder diffraction patterns substantially as
shown in Figure 3, wherein by “substantially” is meant that the reported peaks can vary by about ±
0.2°.
Table 1. Crystal Data and Structure Refinement for lorcaserin hydrochloride Form Ⅲ and Form Ⅳ.
Formula
Formula weight
Temperature
Space group
Crystal system
a
b
c
α
β
γ
Volume
Molecules per Cell(Z)
Density
Theta (max)
F000
Final R indices

Form Ⅲ

Form Ⅳ

C11H15Cl2N·1/2H2O
241.15
173(2)K
P212121
Orthorhombic
8.2396(4)Å
11.5169(7)Å
26.5462(13)Å
90°
90°
90°
2519.1(2)Å3
4
1.272 g/cm3
25.350°
1016.0
R1=0.0434, WR2=0.1024

C11H15Cl2N·1/2H2O
241.15
293(4)K
P1(1)
Triclinic
9.2662(2)Å
6.5996(7)Å
12.4220(5)Å
81.98(4)°
74.25(9)°
75.39(5)°
705.4(7)Å3
2
2.275 g/cm3
50°
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Figure 2.The cell of lorcaserin hydrochloride Form Ⅲ.
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Table 2. X-ray Powder Diffraction Peaks of the two forms
Form Ⅲ degrees(2θ)
Form Ⅳ degrees(2θ)
10.2
12.7
13.7
14.9
15.4
15.8
16.7
18.5
18.9
19.2
20.9
22.8
23.9
24.7
26.5
28.6
31.2

10.2
11.4
12.5
14.9
16.1
16.3
16.7
18.5
18.9
19.2
22.3
23.0
23.9
24.7
26.9
29.8
31.2

Figure 3.Comparison of the x-ray powder diffraction patterns of the two forms
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Thermal Analysis

Form Ⅳ can convert to Form Ⅲ in the solid phase. This was made sure in our laboratory by
PXRD. The stability relationship between the polymorphs of lorcaserin hydrochloride (Ⅲ and Ⅳ)
has been determined using thermogravimetric analysis and differential scanning calorimetry. The
Form Ⅲ has displayed a dehydrated featured calculated as a 3.7% weight loss which is consistent
with theoretical weight loss of 3.7% for a hemihydrate. The similar process of weight loss of two
forms suggest that Form Ⅳ also is a hemihydrate (Fig .4). For DSC, it is known that the
temperature observed will depend upon the rate of temperature change as well as sample
preparation technique and the particular instrument employed. Thus, the values reported herein
relating to DSC thermograms can vary by plus or minus about 4℃. DSC analysis of Form Ⅲ
show that it begins to melt at 90℃ (∆H=63.8223J/g, peak=94.94℃), and the analysis of Form Ⅳ
have a new peak (∆H=12.5384J/g, peak=153.95℃), except the homologous melting and
decomposition behavior like Form Ⅲ (Fig. 5). The DSC traces further reveal a
melting/decomposition endotherm at 200-201℃ for each of the two forms. Therefore, according
to the Heat of Fusion Rule [13] ,Form Ⅲ is more stable than Form Ⅳ.

125
Figure 4. DSC traces of Lorcaserin Hydrochloride.

Figure 5. DSC traces of lorcaserin hydrochloride.
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Crystal Morphology And Packing

The single crystal of lorcaserin hydrochloride Form Ⅲ grown from aqueous solution depicted
in Figure 6. The different solvent systems provide different morphologies which the faces of
crystals were developed to different extents. Crystals of lorcaserin hydrochloride Form Ⅳ have a
much smaller particle size causing very hard to determined its structure by the traditional methods.
The unit cell of Form Ⅲ and Form Ⅳ contain crystal water molecules, and these water
molecules serves as the chain which link the lorcaserin hydrochloride molecules, the hydrogen
bonding network in crystal Form Ⅲ is extended, put the lorcaserin hydrochloride molecules into
the crystal lattice in order, so the single crystal was achieved in aqueous solution recrystallization
system. It is different from Form Ⅲ, Form Ⅳ also has hydrogen bonds, however, because of the
lorcaserin hydrochloride molecules in Form Ⅳ are packing arrangement mass than in Form Ⅲ, the
hydrogen bonds are mass, too. As we all know that, in the crystalline progress the molecules are
pack into the lattice in order, but when some interference from the external environment, the order
will be break. In the preparation of Form Ⅳ from Form Ⅲ by the method of equilibrium, the
mechanical force, solvent, temperature and even the time could increase the degree of confusion,
thus the size of Form Ⅳ crystals are small and no perfect.

Figure 6. Photomicrographs of crystals of lorcaserin hydrochloride Form Ⅲ (left) and Form Ⅳ (right).

3 Conclusion
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Lorcaserin hydrochloride is a kind of safe and efficient diet pills. Form Ⅲ is a hemihydrate
and more stable than Form Ⅳ. The Form Ⅳ of lorcaserin hydrochloride can transform crystal
structure in the solid phase. The single crystal structure of lorcaserin hydrochloride Form Ⅲ was
determined by the SCXRD and it belong to orthorhombic. The structure of crystalline Form Ⅳ,

155

the meta-stable form, was determined using the X-ray powder diffraction method. This report
show that the X-ray powder diffraction as a viable alternative to single crystal methods for
determination of structures of meta-stable crystalline forms when traditional methods can not
culture the suitable size or quality single crystal.
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盐酸绿卡色林晶体结构和新晶型
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摘要：以重结晶得到方法，得到一种盐酸绿卡色林的新晶型，并将之与原晶型进行对比。通
过 X-射线衍射仪、热重分析仪、差示扫描量热仪和扫描电子显微镜对新晶型和原晶型进行
表征。确证了盐酸绿卡色林新晶型的存在和区别于原晶型的独特性质。本文是首次发现盐酸
绿卡色林新晶型的报道。
关键词：盐酸绿卡色林；多晶型；新晶型
中图分类号：R749.053
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