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Polymorphism, defined as the ability of a compound to exist
in more than one crystalline modification, is a widespread
phenomenon and of extreme importance in a number of areas
like material science and pharmaceutical development.[1,2]

For polymorphic drugs several aspects are of importance:[2]

Before a new drug is approved by the authorities for sale, it is
subjected to a battery of tests, also including investigations of
its polymorphism. In addition, information on the influence of
a particular corresponding phase on the chemical, biological,
and physical properties of a drug are needed, and under
certain circumstances different modifications can be patented
separately.

The glucocorticoid triamcinolone acetonide (1) is an
extremely versatile and effective drug and has been used, for
example, for treating autoimmune diseases for several years.[3]

In most cases it is administered as a suspension of a crystalline
form and hence marketed in glass ampules. In the preparation
of its dosage form the drug must be sterilized, and different
methods exist. Sterile filtration is a very interesting method in
which the compound is dissolved in a given solvent, filtered
off, recrystallized, and dried. After the drug has been ground
into a fine powder it must be guaranteed that the phase
formed is exactly that used in therapy or preferred by the
producer. Surprisingly there are very few investigations on

the polymorphism of this drug, and the only crystal structure
available in the CSD is that of the methanol solvate.[4, 5]

We started our research by recording powder diffraction
data for several batches of commercially available triamci-
nolone acetonide prepared by sterile filtration.[6,7] While most
batches were found to contain the form used in therapy
(modification I), one batch exhibited an additional reflection
indicating the presence of a second form. To determine the
thermodynamically most stable modification at room temper-
ature, we stirred suspensions of the crystalline form of the
drug in several solvents, and the products were examined by
powder diffraction. In most solvents, for example, acetone,
modification I was obtained, whereas in ethanol a new and
hitherto unknown modification was discovered (form II).
Interestingly, this form corresponds to that observed as a
contamination in one of the batches investigated. Modifica-
tion I crystallizes in different morphologies, whereas form II
crystallizes mostly as plates (Figure 1).

Differential scanning calorimetry (DSC) shows that
form II melts at about 288 8C without any further trans-
formation, while the DSC curve of form I exhibits a very
broad signal only in a few cases before its melting point at
288 8C (Figure 2).[7] The powder pattern of the residue of
modification I obtained at 220 8C unambiguously shows the
formation of form II. Thermogravimetric (TG) measure-

Figure 1. Microscopic images of crystals of modifications I (left) and II
(right).

Figure 2. DSC curve of modification I (Tp=peak temperature,
Te=onset temperature).
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ments of form I using small sample weights did not show
appreciable weight loss.

Crystal structure analysis of I shows that it crystallizes in
space group R3.[8] In the structure the molecules are
connected by O�H···O hydrogen bonds into layers, which
are parallel to (001). This arrangement leads to the formation
of trigonal channels in the direction of [001], within which two
small residual electron density peaks were found after
refinement which were assigned to water (Figure 3). Form II
crystallizes in space group P41212 with the molecules con-
nected by O�H···O hydrogen bonds into layers parallel to
(001) (Figure 3).[8] In contrast to form I a dense structure is
observed.

As the structural results indicated that form I is a hydrate,
transformation of I into II in ethanol can be explained if one
assumes that the dry solvent dehydrates form I. To prove this,
a suspension of crystalline I was stirred in ethanol until
form II formed. Afterwards a few drops of water were added,
and the suspension was stirred for a few hours. As expected,
the powder diffraction pattern of the product thus obtained
corresponds to that of form I. In addition, I can also be
transformed to II by evacuation at room temperature or by
storage at about 100 8C. TG measurements of form I in

combination with mass spectrometry using large sample
weights show clearly that this form contains 1.7% water
(Figure 4).[7] Further investigations using microgravimetry
under controlled humidity add credence to our findings.

Figure 3. Crystal structures of modifications I (left) and II (right) (ellipsoids at 50% probability).

Figure 4. DTG, TG and MS trend-scan curves of I (m/z 18 (water and
triamcinolone acetonide); m/z 43 (triamcinolone acetonide). MID:
multiple-ion detection.
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In summary, our investigations clearly show that the
modification of triamcinolone acetonide used in therapy is a
hydrate and contains a small amount of water, which is
responsible for the stability of this form. When the water is
removed, a transformation into the new and hitherto unkown
form II was observed. It is to be noted that the melting point
given in the patent of this drug does not correspond to that of
I ; it actually corresponds to that of II. Based on our results the
entire process of sterile filtration was improved so as to yield
form I as a pure phase. Since this drug is mainly used as a
suspension of the crystalline form in water, our results
indicate that II can also be used as it will transform in water
into modification I. We note, however, that the stability of the
suspension depends, for example, on the particle size, which is
difficult to control if the hydrate is formed in situ by
transformation of modification II.
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STOE STADI P transmission powder diffractometer (MoKa

radiation) equipped with a position-sensitive detector (scan
range: 5–458) from STOE & CIE. DSC experiments were
performed on a DSC 204/1/F instrument from Netzsch. DTA-

TG-MS measurements were performed using the STA-409CD
with Skimmer coupling from Netzsch, which is equipped with a
quadrupole mass spectrometer from Balzers. The MS measure-
ments were performed in analog and trend-scan mode (Al2O3

crucibles, dynamic helium atmosphere, heating rate: 4Kmin�1).
[8] I : C24H31.82FO6.41 (Mw = 441.89), a=b= 17.684(1), c=

18.143(1) P, V= 4913.6(4) P3 (170 K), 1calcd = 1.344 gcm�3, trigo-
nal, R3, Z= 9, STOE IPDS-1, MoKa radiation, m= 0.102 mm�1,
9159 measured (58� 2q� 568) and 2628 independent reflections
(Rint = 0.0299%), structure solution: SHELXS-97, structure
refinement: SHELXL-97, 295 parameters, R1 for 2491 reflections
with I> 2s (I)= 0.0298, wR2 for all data= 0.0778, GOF= 1.055,
residual electron density: 0.22/�0.20 eP�3. II : C24H31FO6 (Mw =

434.49), a=b= 9.1692(4) P, c= 49.946(4) P, V= 4199.1(4) P3

(170 K), 1calcd = 1.375 gcm�3, tetragonal, P41212, Z= 8, STOE
IPDS-2, MoKa radiation, m= 0.103 mm�1, 24250 measured (58�
2q� 518) and 2418 independent reflections (Rint = 0.1099%),
structure solution: SHELXS-97, structure refinement:
SHELXL-97), 287 parameters, R1 for 1601 reflections with I>
2s (I)= 0.0352, wR2 for all data= 0.0698, GOF= 0.834, residual
electron density: 0.15/�0.15 eP�3. Non-hydrogen atoms were
refined anisotropic. C�H and O�H hydrogen atoms were
positioned with idealized geometry (the position was optimized
for OH) and refined using a riding model. The hydrogen atoms of
water in form I were not located. Friedel opposites were merged
in the refinement. CCDC 604474 (I) and CCDC 604475 (II)
contain the supplementary crystallographic data for this paper.
These data can be obtained free of charge from The Cambridge
Crystallographic Data Centre via www.ccdc.cam.ac.uk/data_
request/cif.
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