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Abstract

The effects of high static pressure on the polymorphic modifications A and B of famotidine were examined by differential scanning
calorimetry, infrared and Raman spectroscopy, and X-ray powder diffractometry. The obtained effects appeared to differ significantly depending
on whether they were monitored by DSC or any of the other above techniques. In particular, DSC measurements tend to deceptively amplify
a tendency of the pure modification B to turn into the more stable form A under pressurization, while the spectroscopic methods and XRPD
exhibit no essential change in the crystal structure of the metastable form B. The apparent morphological transformation in the pressed samples
stems from the nature of the DSC method itself.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction in a mortar. The resulting effects were examined only by DSC
which was the basis of the conclusions formed by the authors:
Famotidine (3[[[2-[(amino-iminomethyl)amife4 - thia- they state that grinding produces no changes in modification

zolyl]-methyl]thio]-N-(aminosulfonyl)-propanimidamide) is A, but reduces the melting point of form B. On the other
awidely used histamineHreceptor antagonistwhichwasin- hand high pressure affected on famotidine B results in the
vented by the Japanese firm Yamanouchiin 1979. Famotidineappearance of some new entities, called “modifications” by
exhibits two major crystalline polymorphs B and A, where B  the authors, which were characterized only through the obser-
is the metastable forifi]. A detailed physical characteriza-  vation that their melting points differ from that of the original
tion (DSC, IR, XRPD) of these modifications was reported B form; however, the identity of those “modifications” was
by Hegedis et al.[2], while a comparison of their energetic  not discussed.
and conformational features, based on single-crystal X-ray = Based onthese data we became interested in exploring any
and quantum mechanical studies, was published by Ferenczypotentially new polymorphic modifications of famotidine that
et al.[3]. may be formed under such extreme conditions. In this article
Recently the effect of pressurization and grinding on the we report our results obtained upon attempting to reproduce
polymorphism of famotidine was discussed by Roux et al. the investigations of Roux et gl]. Because of the diffi-
[4]. The two pure modifications A and B were, on the one culties in reproducibly controlling the grinding procedure as
hand, subjected to different pressures of 200—-1000 MPa in awell as in adequately separating the complex and simulta-
high pressure press, and on the other hand they were grounaheously occurring local and global influences (particle size
reduction, mechanical pressing and shearing effects, sample
warming) herein we focus only on the better-quantifiable ef-
fects of pressurization. (Our observations in that regard will
* Corresponding author. Tel.: +36 1 431 4951; fax: +36 1 432 6003. serve as a sound basis for discussing the influences of grind-
E-mail addressh.hegedus@richter.hu (B. Hedés). ing in a subsequent publication).
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We have approached the pressurization problem throughindium standard. Hermetically sealed aluminum pans were
a complex analytical examination (DSC, IR, Raman, XRPD) applied without purging gas flow. Mass of samples varied
rather than just using one method and our conclusions arein 1.750-3.670 mg range. Similarly to the published exper-
somewhat different from those reported by Roux ef4l. iments[4], the heating rate was min—1 and was started
from 140°C.

2. Experimental
3. Results
2.1. Sample preparation
3.1. Preliminary investigation of non-pressed

Famotidine samples were taken from the manufacturing modifications
plant of Gedeon Richter Ltd. The chemical purity of the in-
vestigated samples was about 99.5% and they had no initially = Because of the monotropic character of famotidine it is
detectable morphological cross contamination. reasonable to formulate the initial expectation that high pres-

Pressurization was carried out in a Graseby/Specac elecsures may to some extent transform the metastable form B
tro hydraulic press normally used for the preparation of the into the more stable form A. In anticipation of that process,
13 mm KBr pellets for the FT-IR examinations. Famotidine we first conducted experiments aimed at gaining some initial
samples (100 mg) were placed into the equipment as a flatinsight into the analytical capabilities of the aforementioned
layer and were pressed with preset different forces for 15 min. methods regarding the pure, non-pressed A and B forms and
The applied pressing forces were about 13.3, 26.6, 53.2,their homogeneous model mixtures (in this sense “homo-
106.4kN (1.3,2.7,5.4and 10.8 t seton the press); consideringgeneous” means well admixed). The following observations
that the surface of a pellet is 1.33&nthis is equal to 100,  constitute a brief preliminary summary of those aspects of
200, 400 and 800 MPa pressures. The obtained famotidinethat study that are required for the interpretation of the sub-
pellets were examined by different techniques. Except for sequent pressurization experiments (a more detailed account
the IR measurement, whole pellets or pieces of pellets werewill be reported elsewhere).
analyzed so as to avoid the simultaneous effect of grinding  XRPD proved to have a limit of detection (LOD) of about

and pressure on the sample. 5-10% in model A/B mixtures, and the diffraction pattern of
modification A is less repeatable in spite of the fact that it
2.2. FT-infrared spectroscopy consists of tabular, while form B of acicular crystals (form A

has a greater particle size possibly leading to a preferred ori-
IR spectrawere recorded in KBr pellets on a Perkin-Elmer entation effect, which may be responsible for this decreased
Spectrum 1000 spectrophotometer equipped with DTGS de-repeatability in the case of form A).
tector. An amount of 2 mg of famotidine was gently ground Similarly to XRPD, Raman spectroscopic examination
with 200 mg of KBr for 30 s in an agate mortar and then sub- also has the advantage that it does not require sample prepa-
jected to 800 MPa pressure in a high pressure press for 20 sration prior to measurement, on the other hand it has a much
The applied scan number was 10 and the spectral resolutiorbetter LOD: about 2% in the case of both modifications.

was 4cnrl, By IR spectroscopy the LOD of modification B in A is
about 0.5%, however, the LOD of form A in B is higher than
2.3. FT-Raman spectroscopy 10%. It should be pointed out that IR spectroscopic measure-

ments using KBr pellets may involve the potential risk of

FT-Raman investigations were performed on a Perkin- polymorphic transformation (most likely that of the-B A
Elmer Spectrum 2000 spectrophotometer equipped with akind) during sample preparation. A comparison of the IR
Nd:YAG laser. The power of the irradiating beam was set to spectra of the model A/B mixtures indicated that the pure

300 mW; the applied scan number was 30. B form undergoes naletectableamount of B— A transi-
tion during sample preparation; nevertheless some amount
2.4. X-ray powder diffraction of such transformation cannot be ruled out in light of the rel-

atively high LOD for A in B. For the sake of correctness, in

XRPD examinations were carried out on a Philips PW the following we will regard the IR spectra obtained from
1729 model on the wavelength of the Cu Kadiation, with the pure A and B forms as those of the “non-pressed” sam-
40 mA anode current and 40kV accelerating voltage at a ple, relative to which the effects of high pressures on the IR

scanning rate of 32@min—1. spectra will be discussed below. (Diffuse reflectance IR spec-
troscopy which would in principle circumvent the problem
2.5. Differential scanning calorimetry of unintended pressurization during sample preparation was

not included in our study).
DSC measurements were carried out on a TA Instruments By means of an appropriate choice of the measurement
2920 Modulated DSC equipment. Calibration was done with conditions DSC has the best LOD, allowing the detection
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Fig. 1. DSC curves of homogeneous mixtures of the famotidine A and B forms. Percentages indicate the prepared composition of the mixtures.

of 0.5% of modification A in B. The quantitative measure- 3.3. Pressurization of modification B
ment, however, is affected by the decomposition of famoti-
dine during melting as well as by the length of time the sam-  Pressurization of form B resulted in the appearance
ple is kept below the melting point. Another disadvantage of a new endothermic DSC peak at higher temperatures
of the method is a certain systematic error in measuring the (about 167 C) whose peak intensity increased when the ap-
melting enthalpies in homogeneous morphological mixtures. plied pressure had been increased. The sample pressed with
In particular, measurements based on the melting enthalpies800 MPa exhibited a strong endothermic peak at aboutC70
tend to overestimate form A, and this error increases with the (Table 3 Fig. 2) besides a small residual peak at about’153
amount of A (Fig. 1). (Suitable calibration, coupled with val- (Table 3Fig. 2), which is consistent with the initial modifica-
idated sample preparation and measurement parameters cation B (Table 1). We could not reproduce the DSC curves pre-
circumvent this problem). sented by Roux et d]; in particular, the monotonic growth
Table 1shows the melting characteristics of the pure poly- and broadening of the peak above *T2was missing. The
morphic forms of famotidine: the endothermic peak maxi- temperature of fusion of the residual B form decreased sig-
mum, the temperature of fusion (onset of the melting peak) nificantly by increasing the pressure; this tendency is clearly
and enthalpy of fusion, as measured by DSC prior to pressur-related to the decrease of the apparent amount of form B.

ization. Itis noted that the large estimated uncertainty of the fusion
enthalpies is not due to measurement variation since the mea-
3.2. Pressurization of modification A suring conditions in the DSC cell were well controlled and

repeatable. The intensity change of the endothermic peaks is

In the case of the pure modification A, pressurization did not a monotonic function of the pressing force (Fig. 3). A
not result in any significant change in the melting character- similar tendency manifested itself when the sample had been
istics (Table 2). pressed with 800 MPa. Consequently we may assume that the

Similarly, no appreciable difference was detected in the IR Pressure distribution might have been inhomogeneous on the
and Raman spectra upon pressurization. However, there weréample surface during the pressurization. This inhomogene-
significant changes in the relative intensities of the diffraction ity in the local effect of the pressing force may be explained

lines in the XRPD pattern (Fig. 5). by the lumpy character of famotidine B.

Table 1 Table 2

Melting characteristics of the B and A polymorphic forms of famotifiine Melting characteristics of the pressurized A modification

Form Tpeak(°C) Trus (°C) AHgs (3gh) No. Tpeak (°C) Trus (°C) AHgs (3gh)
B 164.1+0.4 162.9+£0.3 151.44.6 1 171.7 170.7 158.9

A 172.3+0.2 170.6£0.2 164.2£2.0 2 171.6 170.9 155.5

2 The results are averages of four non-consecutive measurements; the un- @ Results from two DSC measurements of modification A that had been
certainty is estimated as standard deviation. subjected to a pressure of 800 MPa for 15 min.
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Table 3

Melting characteristics of the pressurized B modification

p (MPa) Tpeak (°C) Tius (°C) AHs 3gh)

100 164.6+0.4 £ 163.9+0.1 - 149.14-5.7 6.0£5.7
200 164.8+0.2 168.1+0.1 163.4-0.5 - 139.5+3.7 13.8+8.1
400 164.0+0.4 169.1+1.1 161.5£1.2 166.8+ 1.2 71.3+-41.7 86.9+43.3
8o 163.1+ 0.5 170.4£0.2 159.9+ 0.5 167.8£0.2 25.8+29.7 134.8+-29.8

@ The uncertainty is estimated as standard deviation.
b Calculated from two measurements.

¢ There is no definite peak at higher temperature.

d Calculated from four measurements.

Although the higher-temperature peak (about 168170 slight broadenings on the spectral bands could be detected
°C, Table 1) is not specifically characteristic of modification (Fig. 4).
A, in comparing the DSC curves of the pressed samples with  However, the relative intensities of the characteristic lines
those of the artificially prepared morphological mixtures of A exhibited appreciable changes in the XRPD pattern. Itis rea-
and B, the similarity is obvious (Fig. 1). Clearly the melting sonable to assume that the pressurization-incurred changes
temperature of modification A is dependent on the morpho- in the sample’s particle size as well as in the properties of the
logical cross contamination so that the presence of modifica-analyzed surface have a small effect on the Raman scattering
tion B reduces the melting range of form A (Fig. 1). In that [5,6]. The same effects however may influence much more
light the higher-temperature peaks can safely be assigned tcheavily the relative intensities of the X-ray diffraction lines
the A form (Table 1). [7]. XRPD measurements were performed on the flat layer of

To our initial surprise, in contrast to the DSC results al- pellets made by the electro hydraulic press, so that the pellet
most no change was observed in the FT-IR and FT-Ramanwas fixed to the glass plate of the sample holder. Due to slight
spectra of the pressurized B form with respect to those variations in the positions of the sample pellets the positions
of the pure, non-pressed B form, and practically no sign of the diffraction lines shifted by 0.2—0.2® values. Itis in-
of the presence of the A modification was observed. Only teresting to note that the alteration of the relative intensities
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Fig. 3. DSC curves of four consecutive measurements for a pellet pressed
Fig. 2. DSC curves of pressurized modification B of famotidine. with 400 MPa for 15 min.
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Fig. 4. Effect of pressurization on the Raman spectrum of modification B: intact sample (bottom) and sample pressurized with 800 MPa for 15 min (top).
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Fig. 5. Effect of pressurization on the XRPD pattern of modifications B and A, respectively: intact samples (bottom) and samples pressurizedReth 800 M
for 15 min (top).
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was more significant in the diffraction pattern of modifica- As for rationalizing this effect of the B form being “sensi-
tion A. The diffraction pattern of the pressurized samples of tized” to B— A transformation following high pressure, we
both modifications was less informative because of an ensu-note that the B> A conversion, as is indicated by the melt-
ing line broadening, whereby less intense lines merged with ing enthalpies in intact mixtures, was not observable in inho-
the background; characteristic lines of modification A were mogeneous A/B mixtures, when for instance the two forms
not detectable (Fig. 5). were present side by side in the pan during the DSC mea-
surement. Presumably a direct B-to-A contact is needed for
the morphological change to occur and, as is widely known
4. Discussion in the case of solid-state reactions, mechanochemical activa-
tion produced by high pressure can effectively promote the
An important conclusion that can be established from transformation.
the above results is that high pressure does not induce As a result of this activation, high pressure may produce
a B— A transformation to the extent that this would be some amorphous modification X of famotidine, the amount
detectable by IR, Raman or X-ray diffraction measure- of which may increase by increasing the pressing force; the
ments. In contrast, the DSC method is clearly indicative B — A transformation may then be mediated by this amor-
of such a transformation. Considering the above discussedphous form (B— X — A).
B — A transformation observed during the DSC measure-  Another possible interpretation is that the free energy con-
ment (Fig. 1), this contradiction can be resolved by as- tent of the metastable state B increases due to pressuriza-
suming that, although pressurization itself may not produce tion, thus decreasing the kinetic energy barrier for the direct
any appreciable B> A transformation, nevertheless it can (B — A) transformation.
“sensitize” the sample (see below) to such transition during ~ With the knowledge that there is a possibility of formation
heating. of the kinetically unfavoured modification during the forma-
The B— Atransformation in the DSC measuring cellwas tion of the solid-state, the presence of nuclei (or aggregates)
verified also by the IR examination of form B previously of the A modification cannot be ruled out in the crystal lattice
pressed with 800 MPa pressure for 15 min. The pieces of pel-of a practically homogeneous B form. A real crystal cannot
let were heated to different temperatures near the meltingbe perfect and in addition to structural defects there are of-
point in the DSC cell in four consecutive attempts, and there- ten inclusions, which may cause chemical or morphological
after their IR spectra were taken in KBr pellets. The growth inhomogeneity. Consequently the level of homogeneity of
of the characteristic spectral bands of form A (e.g. 3453 and a given sample is basically defined by the applied analyti-
1672 cnt1) is distinctly visible while the bands due to form  cal method’s limit of detection for a given contamination.
B (e.g. 3506 cm?) disappear (Fig. 6). The investigation of the behavior of mixtures of famotidine

T/% | 3

4000 3000 2000 1500 1000 400
wave number / cm™

Fig. 6. Transformation of modification B into A as monitored by IR spectroscopy — 1: form B, 2: form B pressurized with 800 MPa, 3: pressurized B form
heated to 150C, 4: pressurized B form heated to 182, 5: form A.



Z. Néemet et al. / Thermochimica Acta 430 (2005) 35-41 41

polymorphic forms under the effect of pressurization may  Since famotidine is an active pharmaceutical ingredient
serve with useful information about the mechanism of trans- produced on an industrial scale and as such may be exposed
formation. Assuming the presence of modification A in the to significant mechanical influences during the manufactur-
apparently homogeneous form B, a small quantity of A may ing procedure, one has to be careful with the exclusive appli-
induce the transformation produced by heating in samplescation of DSC in the morphological control of the product. A
previously treated under such extreme circumstances. complex analytical approach to this problem is needed, keep-

A better understanding of the transformations taking place ing in view all the effects which the sample may be exposed
during DSC measurements requires further investigationsto and which can modify its characteristics in an analytical
into the behavior of homogenized morphological mixtures assay.
under high pressure, as well as the exploration of the afore-
mentioned hypothetical amorphous maodification.
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