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I. METHODS EMPLOYED TO OBTAIN UNIQUE 
POLYMORPHIC FORMS 

Organic medicinal agents that can exist in two or more solid phases 
often can provide some distinct advantages in particular applications. 
The metastable solid may be preferred in those instances where absorp- 
tion of the drug is dissolution rate dependent. The stable phase may 
be less susceptible to chemical decomposition and may be the only 
form that can be used in suspension formulations. Often a metastable 
polymorph can be used in capsules or for tableting, and the thermody- 
namically stable form for suspensions. Factors related to processing, 
such as powder flow characteristics, compressibility, filterability, or hy- 
groscopicity, may dictate the use of one polymorph in preference to 
another. In other cases, a particular form may be selected because of 
the high reproducibility associated with its isolation in the synthetic 
procedure. 

It is essential to ascertain whether the crystalline material that 
results from a synthetic procedure is thermodynamically stable before 
conducting pivotal trials, since a more stable form may be obtained 
subsequently, and it may be impossible to produce the metastable form 
in future syntheses. Conversion from one polymorph to another can 
occur during processing or upon storage. An additional incentive for 
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Generation of Polymorphs 185 

isolating and identifying polymorphs that provides certain advantages 
is the availability of subsidiary patents for desirable polymorphic 
forms, or for retaining a competitive edge through unpublished knowl- 

- edge. In 1990 Byrn and Pfeiffer found more than 350 patents on crystal 
forms granted on the basis of an advantage in terms of stability, formu- 
lation, solubility, bioavailability, ease of purification, preparation or 
synthesis, hygroscopicity, recovery, or prevention of precipitation [1]. 

One question that is likely to arise during the registration process 
is "What assurance can be provided that no other crystalline forms of 
this compound exist?" It is incumbent on the manufacturer of a new 
drug substance to show that due diligence has been employed to isolate 
.and characterize the various solid-state forms of a new chemical entity. 
This may seem to be a daunting task, particularly in light of the widely 
quoted statement by Walter C. McCrone [2] that "Those who study 
polymorphism ate rapidly reaching the conclusion that all compounds, 
organic and inorganic, can crystallize in different crystal forms or poly- 
morphs. In fact, the more diligently any system is studied the larger 
the number of. polymorphs discovered." On the other hand, one can 
take comfoi~ from the fact that some important pharmaceuticals have 
been in use for many years and have, at least until now, exhibited only 
one stable form. Indeed, it seems to this author that there must be partic- 
ular bonding arrangements of some molecules that are so favorable 
energetically as to make alternate arrangements unstable or nonisolat- 
able. 

In the future, computer programs, using force-field optimization 
should be perfected to the point where it will be possible to predict, 
with confidence, that a particular crystalline packing arrangement is 
the most stable that is likely to be found. These programs also may 
make it possible to predict how many alternate arrangements having 
somewhat higher energy can potentially be isolated [3,4]. Until that 
time, the developmental scientist is handicapped in attempting to pre- 
dict how many solid forms of a drug are likely to be found. The situa- 
tion is further complicated by the phenor6enon of "disappearing poly- 
morphs" [5], or metastable crystal forms that seem to disappear in 
favor of more stable ones. 

Some polymorphs can be detected, but not isolated. Hot stage 
microscopy has been used extensively to study polymorphic transfor- 
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