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ABSTRACT: The crystal structures of the monohydrate and anhydrous forms of ambazone were determined by single-crystal X-ray diffraction
(SC-XRD). Ambazone monohydrate is characterized by an infinite three-dimensional network involving the water molecules, whereas
anhydrous ambazone forms a two-dimensional network via hydrogen bonds. The reversible transformation between the monohydrate
and anhydrous forms of ambazone was evidenced by thermal analysis, temperature-dependent X-ray powder diffraction and accelerated
stability at elevated temperature, and relative humidity (RH). Additionally, a novel ambazone acetate salt solvate form was obtained and
its nature was elucidated by SC-XRD. Powder dissolution measurements revealed a substantial solubility and dissolution rate improvement
of acetate salt solvated form in water and physiological media compared with ambazone forms. Also, the acetate salt solvate displayed
good thermal and solution stability but it transformed to the monohydrate on storage at elevated temperature and RH. Our study shows
that despite the requirement for controlled storage conditions, the acetate salt solvated form could be an alternative to ambazone when
C 2014 Wiley Periodicals, Inc. and the
solubility and bioavailability improvement is critical for the clinical efficacy of the drug product. 
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INTRODUCTION
Poor physicochemical properties of pharmaceutical compounds
can be improved by obtaining different crystalline forms including polymorphs, hydrates, salts, and cocrystals of active pharmaceutical ingredients (APIs). Salts of APIs are used when the
API is not sufficiently soluble or stable due to the fact that different salt forms may have different profiles, or bioavailability
properties.1–4
Ambazone, [4-(2-(diaminomethylidene) hydrazinyl)phenyl]
iminothiourea or (p-benzoquinone amidinohydrazone thiosemicarbazone), is the active ingredient of Faringosept,5 an antiseptic for the oral cavity because it is active in a number of
pathogens that trigger infections of the mouth and upper respiratory tract. Moreover, ambazone has been used for a long
time as a medicine for bacteriostatic activity, allowing the replacement of antibiotics in topical treatment of oral pharyngeal
infections.6–11 Further studies showed a possible anticancer activity of ambazone because of the amidinohydrazone group being an anticancer agent.12,13 The commercial form of ambazone
used in the pharmaceutical industry is the monohydrate form,
which is slightly soluble in water and has a variable 35%–
50% oral bioavailability affecting the therapeutic effect of the
Faringosept tablets.
The molecular structure of ambazone (Fig. 1) is characterized
by a thiosemicarbazone group and an amidinohydrazone group,
these two groups allow the existence of several tautomers, and

two of those are shown in Figure 1. Only one conformation of
the thiosemicarbazone group is observed in the crystal structures reported in the Cambridge Structure Database (CSD),
whereas two different tautomers are observed for the amidinohydrazone group. The hydrogen position of amidinohydrazone
group in tautomer A (which is commonly reported in sketches
of ambazone) is present in only one structure (RAGNAQ)14
in the CSD, whereas the disposition of the hydrogen atoms
in the tautomeric conformation B is present in nine structures (AZGIY, HAJFIP, MAXYOZ,15 MAXYUF,15 MENMEY,16
NTRGUA,17 RAGNEU,14 TANPEE,18 WASPIP 19 ). The C–N distances observed in the structures of ambazone monohydrate
(AMB·H2 O) and ambazone anhydrous forms (AMB) are comparable with the ones reported for the tautomeric disposition B
and this conformation is adopted in this paper. A total of six
salts of ambazone have been reported in literature,20–25 but no
crystal structure is reported so far.
In this article, we present the first crystal structures of
the monohydrate and anhydrous forms of ambazone together
with their characterization and relative stability investigation.
Also, we report a novel acetate salt solvate form of ambazone
[AMBAc]·HAc and its potential use in an oral drug product.

EXPERIMENTAL
Materials
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The API ambazone monohydrate was purchased from Microsin
S.A. (Bucharest, Romania) and was used without further purification. Acetic acid glacial and all other chemicals were supplied
by Sigma-Aldrich (Bucharest, Romania) and were of reagent
grade.
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the maximum current was 40 mA. The data obtained were
processed using CrysAlis software. SHELX 97 was used for
structure solution and refinement.26 Nonhydrogen atoms were
refined anisotropically. Hydrogen atoms bound to carbon and
nitrogen atoms were added at the calculated positions. Hydrogen atoms bound to oxygen atoms were located from a Fourier
map and their position refined.
X-ray Powder Diffraction

Figure 1. Two chemical structures of the possible tautomers of ambazone (C8 H11 N7 S).

Powder data were collected on a PANanalytical X’Pert Pro
Diffractometer (PANalytical, Almelo, The Netherlands) with
Cu K"1 (8 = 1.5406 Å) and K"2 (8 = 1.5444 Å) radiation
equipped with an X’Celerator detector and a TTK 450 Anton
Paar variable temperature camera. The samples were mildly
preground in an agate mortar in order to control crystals size
and to minimize the preferred orientation effects. The samples
were placed in flat sample holder and were scanned from 3◦ to
40◦ 22 at a step size of 0.017◦ . The Mercury CSD 2.0 program
was used for calculation of X-ray powder patterns on the basis of single-crystal data.27 By comparing the calculated and
observed powder diffraction patterns, the correspondence between the bulk materials and the single-crystal structure was
obtained.
Differential Scanning Calorimetry

Crystallization of AMB·H2 O
Plate-like crystals of ambazone monohydrate were grown by
diffusion of mixtures of 2 mL pentane and 2 mL diethyl ether
in a saturated solution (2 mL) of ambazone in acetone for 5 days
at room temperature.
Crystallization of AMB
The anhydrous solid form of ambazone was obtained by heating
the monohydrate form at 140◦ C for 30 min, followed by slow
cooling up to 25◦ C.
A saturated solution (2 mL) of ambazone with paminobenzoic acid (1:1) molar ration in nitromethane was allowed to diffuse at room temperature in 2 mL tetrahydrofuran
and 2 mL hexane. After 5 days, plate-like crystals of anhydrous
ambazone were formed.
Crystallization of [AMBAc]·HAc
The novel acetate salt solvate form of ambazone was obtained
by placing a glass sample holder, containing the 255 mg powder
of ambazone, in a cylindrical weighing bottle containing 10 mL
of glacial acetic acid; the reaction took place by vapor diffusion
in a closed system at room temperature for 32 h.
Plate-like single crystals of acetate salt solvate form were
obtained by vapor diffusion crystallization: a saturated solution
of ambazone monohydrate with glacial acetic acid (2 mL) and
dichloromethane (2 mL) was exposed to 10 mL diethyl ether
vapors for 5 days.
Single-Crystal X-ray Diffraction
Diffraction data for all solid forms were collected using an
Oxford XCalibur S Diffractometer (Agilent Technologies, formerly Oxford Diffraction, Oxford, UK) equipped with a graphite
monochromator (Mo–K" radiation, 8 = 0.71073 Å), and a CCD
Sapphire detector and Oxford Cryosystem system for data collection at low temperatures. The tube voltage was 50 kV and
DOI 10.1002/jps.24151

The differential scanning calorimetry (DSC) experiments were
carried out on a Shimadzu DSC-60 differential scanning
calorimeter (Shimadzu Corporation, Japan) andShimadzu TAWS60 and TA60 2.1 software were employed for data acquisition and analysis. Nonhermetic crimped aluminum pans, in
which 1–2 mg of sample was accurately weighed, were used to
perform the experiments. The samples were heated from room
temperature up to 350◦ C under flowing nitrogen flux, the heating rate being 10◦ C min−1 .
Differential Thermal Analysis and Thermogravimetric Analysis
Differential thermal analysis and thermogravimetric analysis
(DTA–TGA) measurements were performed with a simultaneous Shimadzu DTG-60/60H apparatus (Shimadzu Corporation,
Japan) in the range of 30◦ C–400◦ C. Heating was performed in
a nitrogen flow (70 cm3 min−1 ) using an alumina sample cell (2,
5.8 × 2.5 mm2 ) at the rate of 5 ◦ C min−1 up to decomposition.
The sample weights were in the range of 5−10 mg. For data
collection and analysis, the Shimadzu TA-60WS software was
used.
Powder Dissolution Experiments
:DISS ProfilerTM apparatus (pION Inc., MA, USA) was used
to assess the dissolution rate and the apparent solubility of
AMB·H2 O, AMB, and [AMBAc]·HAc. The system consists of an
integrated diode array spectrophotometer connected to a fiber
optic UV probe located directly in the reaction vessel and measures the concentration as a function of time, without filtering
the solution. Measurement of dissolution kinetics and equilibrium solubility was carried out at 450 nm and the concentrations of AMB·H2 O, AMB, and [AMBAc]·HAc were calculated by
means of a standard curve. In a typical experiment, 10 mL of
deionized water (pH 5.8), physiological serum (pH 6.8), or phosphate buffer (pH 7.0) were added to a flask containing ∼1 mg
of sample, and the resulting mixture was stirred at 25◦ C and
400 rpm.
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FTIR

Table 1.

All spectra were obtained with a JASCO 6100 FTIR spectrometer (Jasco Inc., MD, USA), and Spectra Manager software was
used for data collection. The spectra were recorded in the 400–
4000 cm−1 spectral domain with a resolution of 4 cm−1 and 256
scans. A background spectrum of the potassium bromide pellet
was recorded under the same instrumental conditions and subtracted from each sample spectrum. Each sample in pellet was
prepared with approximately 1 mg of solid sample mixed with
150 mg of dry pure spectral potassium bromide powder. Data
analysis was performed using spectra analysis software.

Compound

RESULTS AND DISCUSION
Crystallographic Study
Ambazone monohydrate crystallizes as orange plates, which
show twinning by merohedry. The cell parameters are a =
7.2084(3) Å, b = 7.2606(3) Å, c = 22.4102(8) Å, and $ =
90.021(4)◦ , which mimic an orthorhombic cell. The structure
was solved as monoclinic P21 /c with twinning matrix of (1 –0 0,
0 –1 0, 0 0 1).
Crystals of AMB are characterized by nonmerohedric twinning, which was resolved during the data reduction. The anhydrous form crystallizes in the monoclinic space group P21 , with
two ambazone molecules in the asymmetric unit (Table 1).
Almost the same conformation of the ambazone molecules is
maintained in the two crystal structures as observed by overlaying the molecules with Mercury CSD 2.0.27
Ambazone molecules in the asymmetric unit of the anhydrate have similar conformations, with small differences in
the terminal primary amino groups (Supplementary Fig. S1a).
Slightly higher conformational similarity is found when comparing the ambazone molecule in AMB·H2 O and [AMBAc]·HAc

Crystal Data and Details of Measurements

Formula
Molecular weight
(g·mol−1 )
Temperature (K)
Crystal system
Space group
a (Å)
b (Å)
c (Å)
" (◦ )
$ (◦ )
( (◦ )
V (Å3 )
Z
F(000)
: (Mo–K") (mm−1 )
Calculated density
(g/cm3 )
2 range (◦ )
Measured
reflections
Refined
parameters
GOF on F2
R1 [on F, I>2F(I)]
wR2 (on F2 , all
data)

AMB·H2 O

AMB

[AMBAc]·HAc

C8 H13 N7 O1 S1
255.31

C8 H11 N7 S1
237.3

C12 H18 N7 O4 S1
356.39

293
Monoclinic
P 21 /c
7.2084(3)
7.2606(3)
22.4102(8)
90
90.021(4)
90
1172.89(8)
4
536
0.273
1.446

293
Monoclinic
P 21
7.8470(10)
17.856(2)
8.365(2)
90
109.45(2)
90
1105.2(3)
4
496
0.278
1.426

100
Monoclinic
C 2/c
19.1681(16)
9.3693(17)
17.976(3)
90
93.998(8)
90
3220.4(8)
8
1496
0.236
1.470

2.73–29.25
17,379

2.58–29.43
7471

3.22–28.79
2189

163

278

128

1.116
0.044
0.097

1.106
0.106
0.33

1.112
0.087
0.20

(described further) with one ambazone molecule from the asymmetric unit of the anhydrous form (Supplementary Table S1
and Fig. S1). Therefore, although small, the conformational
differences between the two ambazone molecules from the

Figure 2. Structure of AMB·H2 O: (a) Hydrogen bond patterns that form the infinite chains. Water molecules are placed over and under the
chain. (b) Overall packing with the chains packed in a fishbone fashion.
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Figure 3. (a) Two-dimensional network of AMB. (b) Crystal packing viewed down a-axis. H atoms are excluded for clarity.

asymmetric unit of AMB structure seem sufficient for leading
to different conformers.
Important hydrogen bonds in the AMB·H2 O, AMB, and
[AMBAc]·HAc crystal structures are shown in Supplementary
Table S2.
In the crystal structure of AMB·H2 O, the thiourea groups of
ambazone are involved in N–H–S hydrogen bonds and form a
R2,2(8) pattern, whereas the diaminomethylidene groups form
a ring with the water molecules [R2,4(12)] to obtain infinite
flat chains of ambazone (Fig. 2a). These chains are packed in
a fishbone fashion, which promotes the C–H B interactions,
whereas the water molecules interact with the surrounding
chains to form a three-dimensional network (Fig. 2b).
Anhydrous crystal structure AMB presents a different hydrogen bond pattern. The thiourea groups face each other and
via lateral hydrogen bonds form an infinite chain involving in a

DOI 10.1002/jps.24151

sequence: the nitrogen of the amino group, the sulfur atom, the
nitrogen of the hydrazine group, and the sulfur atom (Fig. 3a).
The sulfur atom, which is not involved in hydrogen bonds, is
surrounded by nitrogen atoms carrying hydrogen pointing toward the S atom. Also, the diamino groups face each other and
via multiple hydrogen bonds form a two-dimensional (2D) network. These corrugated planes are staked parallel to each other
along the c-axis (Fig. 3b).
The presence of the crystal structures of AMB·H2 O and AMB
in the corresponding bulk materials was assessed qualitatively
by comparing the calculated and experimental X-ray powder
diffraction (XRPD) patterns (Supplementary Fig. S2).
[AMBAc]·HAc crystallized in very thin orange prismatic
plates, had low diffraction power, and showed a high propensity to form twins. The crystal structure was determined by
collecting data at low temperature (100 K). Crystal structure
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determination showed a (1:1) acetate salt, plus a neutral acetic
acid moiety to make a solvate salt (since the acetic acid is liquid at room temperature). In [AMBAc]·HAc, the coformer is
present as anion and as neutral molecule; the proton transfer
between ambazone and the acetic acid was assessed by crystallographic data and it was confirmed by FTIR analyses (see
Supplementary Information). The presence of the coformer as
acid and conjugated base recalls the salt cocrystals where the
active ingredient is present as acid and conjugated base.28,29
The ionization state of [AMBAc]·HAc is in line with the pKa
of 5.93 between the strongest basic site of ambazone (pKa =
10.69) and acetic acid (pKa = 4.75). On the basis of pKa rule
proposed by Childs et al.,4 the other two basic sites of ambazone
with pKa = 7.39 and 6.22 are not strong enough (?pKa with
respect to acetic acid < 3) to generate further ionization with
acetic acid and therefore the formation of a solvate is preferred.
The ambazone molecule is rich in donating hydrogen bond
groups and is surrounded by the acetic and acetate molecules,
which are rich in accepting hydrogen bonds. The ambazone
forms a strong hydrogen bond with the acetic acid, and
the multiple hydrogen bonds between the acetic acid, acetate, and ambazone form a three-dimensional (3D) network
as shown in Figure 4. The crystal structure is also stabilized by the formation of B–B stacking between the ambazone
molecules.
The presence of [AMBAc]·HAc determined the crystal structure in the corresponding bulk sample, which was qualitatively
assessed by XRPD (Supplementary Fig. S3). The differences between the experimental and calculated XRPD patterns are related to the temperature difference between the single-crystal
and the powder diffraction measurements.
Thermodynamic Study
The thermal behavior of monohydrate, anhydrous, and acetate
salt solvate of ambazone forms was studied by simultaneously
DTA–TGA and DSC analyses.30,31 The DTA–TGA and DSC
traces obtained for each sample are shown in Figures 5a–5d.
The DSC and DTA curves of AMB·H2 O revealed a broad
endothermic signal from 100◦ C to 150◦ C, with a maximum at
∼133◦ C that corresponds to the release of the water molecule
as confirmed by the 6.93% weight loss detected in the TGA
(calculated 7.05%) (Figs. 5a and 5d).
At higher temperature, the DTA and DSC curves are characterized by a sharp exothermic peak, which corresponds to
a weight loss of 8.4% in the TGA. Ambazone decomposes at
210◦ C before melting. As expected, DSC and DTA traces for
AMB show only the sharp exothermic signal at ∼200◦ C attributed to ambazone degradation. No weight loss is detected in
the TGA up to the degradation process (Fig. 5b). The DSC/DTA
curve of [AMBAc]·HAc presents the endothermic event with a
maximum at 156.8◦ C, followed by two exothermic events. The
endothermic event corresponds to the loss of one acetic acid
molecule with a 16.9% total weight loss in the TGA (calculated
16.8%), which is suddenly followed by the release of the second
acetic acid molecule and degradation of the ambazone (Figs. 5c
and 5d).
The dehydration process of AMB·H2 O was further investigated by temperature-dependent XRPD. The loss of the water
molecules is observed at 110◦ C when a mixture of AMB·H2 O
and AMB is obtained. The dehydration process is completed
at 140◦ C and the powder pattern is consistent with AMB.
Muresan-Pop et al., JOURNAL OF PHARMACEUTICAL SCIENCES 103:3594–3601, 2014

Figure 4. (a) Ambazone acetate salt solvate crystal structure
[AMBAc]·HAc. (b) Crystal packing.

Upon further heating, the anhydrous form remains stable up
to 198◦ C after which the ambazone degrades and transforms
in amorphous (Supplementary Fig. S4). The reverse hydration process of ambazone was evidenced via accelerated stability testing on storage at 40◦ C/75% relative humidity (RH)
of anhydrous form, when complete hydration of ambazone into
AMB·H2 O occurred within 60 days. The hydration process takes
only few minutes by grinding anhydrous form AMB in the
presence of one drop of water in a mortar (Supplementary
Fig. S5).
In the case of [AMBAc]·HAc, the heating treatment in the
100–140◦ C temperature range for 30 min followed by XRPD
analysis gave insight into the thermal stability of the solid
form. The results are in agreement with the thermal analysis data showing the onset of the acetic acid loss at about
140◦ C. Further temperature increase to 150◦ C showed the presence of the amorphous phase, indicating that the crystal structure degrades upon the loss of acetic acid (Supplementary Fig.
S6). Further stability testing of [AMBAc]·HAc on storage at
40◦ C/75% RH showed transformation into the monohydrate
within 5 days (Supplementary Fig. S7).
DOI 10.1002/jps.24151
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Figure 5. DTA–TGA curves of (a) AMB·H2 O; (b) AMB; (c) [AMBAc]·HAc; and (d) DSC curves of AMB·H2 O, AMB, and [AMBAc]·HAc.

Powder Dissolution Testing
Dissolution profiles of the studied solid forms in water,
physiological serum, and phosphate buffer are shown in
Figures 6a–6c.
For [AMBAc]·HAc, the powder dissolution measurements revealed a faster dissolution rate compared with AMB·H2 O and
AMB. In water, the dissolution rate of the acetate salt solvate
was almost instantaneous and the aqueous solubility was found
to be at least six times higher than of the monohydrate and anhydrous ambazone.
Because of the UV signal saturation in the case of ambazone
acetate solvate-salt, solubility assessment was carried out by visual inspection after the addition of small volumes of water to a
known amount of powder materials. In this way, [AMBAc]·HAc
had a water solubility of about 6.5 mg/mL compared with the
<1 mg/mL reported solubility in the case of AMB·H2 O.12 After
the dissolution experiments in water, the undissolved solids of
monohydrate and anhydrous ambazone were filtered, air-dried,
and the solid form stability was confirmed by XRPD analyses
(Supplementary Fig. S8). The anhydrous form AMB easily converts into the monohydrate, the transformation being visible
during the dissolution experiment (peak in the anhydrate dissolution curve at approximately 3 min) and confirmed by XRPD
at the end of the dissolution experiment. For ambazone acetate
salt solvate [AMBAc]·HAc, a clear solution of pH ∼5 was maintained during the dissolution experiment, indicating its stabil-
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ity against precipitation in water. The dissolution experiments
in physiologic serum containing NaCl and pH 7.0 phosphate
buffer showed a clear improvement in the dissolution rate and
solubility of the acetate salt solvate compared with the solid
forms of ambazone. Also in these cases, no precipitation of the
acetate salt solvate was observed during the measurements,
indicating the solution stability of the form in relevant physiological media.

CONCLUSIONS
We have presented here the first crystal structures of ambazone, one of the oldest and widely used antimicrobial pharmaceutical ingredient. Crystal structures of AMB·H2 O and
AMB were determined by single-crystal X-ray diffraction (SCXRD) and showed the role of the water molecule in the formation of an infinite 3D network, whereas a 2D network is
present in the anhydrous form. Thermal analysis, temperaturedependent XRPD, and accelerated stability testing on storage
at elevated temperature and RH evidenced the reversible transformation between the monohydrate and the anhydrous forms
(Fig. 7).
This study also shows the ability of ambazone to form a
salt solvate with acetic acid with a (1:1:1) stoichiometry, its
nature being identified from structure solution by SC-XRD.
[AMBAc]·HAc has substantially higher aqueous solubility and
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Figure 7. Stability relationships between the ambazone monohydrate, anhydrous, and the acetate salt solvate forms reported in this
study.

poorly water-soluble ambazone. The instability of the salt solvate at elevated temperature and RH represents a development
risk that could be mitigated by a careful control of the storage
conditions.
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