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Polymorphism, the existence of more than one crystalline form
of a compound, is an intensely studied phenomenon, yet it remains
poorly understood and controlléd?olymorphism in active phar-
maceutical ingredients, API’s, is critical from both regulatory and
intellectual property perspectii@ssince polymorphs can exhibit
different physical and/or chemical properties. However, the very
nature of API's, which typically exhibit exterior hydrogen bonding
sites and/or conformational flexibility, makes them ideal candidates
for polymorphism control using additives or templatesurther-
more, whereas API’s have traditionally been limited to polymorphs,
solvates, and salfsin recent years, an alternative form, pharma-
ceutical co-crystals, has been targeted.this context, aspirin is
somewhat of an enigma. Aspirin was first synthesized in 853
and had by the turn of the 19th century become the world’s best-
selling drugf In the 1960s and 1970s, aspirin was subjected to a
series of studigsto determine whether it exhibits polymorphism,
and there were indications that there could be a metastable’form.
However, these studies were inconclusive. In the end, differences
in physical properties were attributed to salicylic acid impurities.
Most recently, computational studies have addressed polymorphism
in aspirin?

In this contribution, we report the results of a series of studies
concerning pharmaceutical co-crystals of aspirin, resulting in
isolation and structural characterization of the elusive form Il of
aspirin as well as a pharmaceutical co-crystal involving aspirin and
another API, carbamazepine.
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Figure 1. Crystal packing of aspirin forms I, I, and S. L. Price predicted
form Il. (&) Form |: 1D chains sustained by alternating carboxylic acid

and acetyl group centrosymmetric dimers. (b) Form Il: acid dimers are
connected via catemeric methy-&i---O and phenyl €-H-:-O (not shown)

- . hydrogen bonds. (c) Acetyl group-&1---O dimers in form | and catemers
The crystal structure of aspirin form | has been studied by both in form II. (d) S. L. Price predicted form Il. Note the similarity with the

X-ray'®and neutron diffractiof Herein we shall use as a reference  crystal packing of form I (b).
point Wilson’s 100 K structuf@ (CSD refcode: ACSALAQ2) to
compare with form Il since our data were also collected at 100 K.
Form | consists of centrosymmetric carboxylic acid dimer moieties
(O-++0: 2.635 A, 177.7) that are, in turn, linked via centro-
symmetric methyl C—H---O (€-O: 3.553 A 164'0)12 contacts for form Il versus a melting transition at 143°@ for form |. The
of acerI groups, thereby forming 1D c;hams (Elgure 1a). chemical composition of bulk samples of form Il aspirin was
Aspirin forn_1 Il was r_e_peatedly ob_talned during attempted_ 1_:1 determined by HPLC to be consistent with those of form I, salicylic
co-crystallization of aspirin and levetiracetam from hot acetonitrile acid content of 0.53.0% in form | versus 1.7% in a form Il sample.
and was subsequently also observed in the presence of a molar There are clear differences between the unit cell parameters:
equivalent of acetamide. Small plate-like crystals form in ap- form | (P2i/c): a = 11.233(3) Ab = 6.544(1) A,c = 11.231(3)
proximately 3 days, and one was mounted on a diffractometer A, = 95.89(2}, V= 821.218 &, form Il (P2:/c):13a = 12.095(7)
directly from the viscous mother liquor to avoid conversion into A b=6.491(4) Ac=11.323(6) A = 111.509(9)°V = 827.1(8)
form 1. In addition to single crystal structure determination, form A3, The molecular geometry of aspirin molecules in form Il is
Il was also characterized by melting point, IR, DSC, and HPLC slightly different in terms of the torsion angle defined by the

carboxylic acid and acetyl groups, although the centrosymmetric

Aspirin

(see Supporting Information). Crystals of form Il convert to form
I under ambient conditions; however, they are relatively stable at
100 K. DSC thermograms reveal an endothermic peak at 8.5
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1:1 co-crystal packing diagram,
bond tables. This material is available free of charge via the Internet
at http://pubs.acs.org.
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Figure 2. Simulated powder X-ray diffraction (PXRD) patterns of aspirin
form I, Il, and S. L. Price predicted form Il crystal structures. See the

noticeable additional peaks in form Il and S. L. Price predicted form ||
compared to form | near®@ 20 and 28.

However, the crystal packing of adjacent dimers is different; methyl
groups form catemeric €H-:-O [C:--O: 3.85(2) A, 164.0]
hydrogen bonds with the carbonyl oxygen (graph set C(4)) of the
acetyl group versus centrosymmetric dimers (graph 348R in
form | (Figure 1). The existence of competing catemer/dimer motifs
is well documented in polymorphs of carboxylic acids and primary
amidesta*14 Simulated powder X-ray diffraction patterns also
exhibit significant differences (Figure 2). It is interesting to note
that a computational study concerning polymorphism in aspirin
predicted a low energy polymorph with a low shear elastic constant,
implying a low barrier to transformation. This calculated structure
is consistent with that of form R2

The discovery of a new form of aspirin through attempted co-
crystallization of amides and acids is perhaps unexpected when one
considers that acids and amides are known to form reliable
supramolecular heterosynthotftdndeed, attempted co-crystalliza-
tion of carbamazepine and aspirin resulted in the expétted
co-crystal, the structure of which is illustrated in Supporting
Information (Figure S3). This crystal structiffeeveals that aspirin
molecules form acid—amide supramolecular heterosynthons to
carbamazepine molecules through O—H---O-}0: 2.564(2) A,
167.5°] and N—H--O [N---O: 2.914(3) A, 168.9 hydrogen
bonds.

The salient feature of this study is not just the identification of
aspirin form Il, it is also the manner in which it was prepared.
That crystallization of aspirin form Il can occur in the presence of
certain amides, whereas a co-crystal with carbamazepine can also
occur and might appear to be counterintuitive. However, these

observations are consistent with studies that have demonstrated how

tailor-made additives can disrupt nucleation and induce polymor-
phism? Supramolecular heterosynthons, therefore, seem to have
implications for control of polymorphism.

To summarize, we have obtained and characterized a new
polymorph and a new co-crystal of aspirin. In our opinion, the most
salient features of the results reported herein are the method by
which the once elusive form Il of aspirin was isolated and the fact
that it had been hitherto predicted.

Supporting Information Available: X-ray crystallographic in-
formation in CIF format, IR, DSC, HPLC, aspirin and carbamazepine
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