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Antifongal activity of saperconazole (R 66 905). in vitro 

F.C.Odds 

Department of Microbiology, University of Leicester, PO Box 138, Medical Sciences 
Building, University Road, Leicester LE} 9HN, UK 

Saperconazole, a novel orally active triazole antifungal, inhibited Candida spp., 
Aspergillus spp. and dermatophyte fungi in vitro. Its minimal inhibitory concentra­
tions for Candida spp. and derrnatophytes were relatively high, like those of 
comparable triazole antifungals, but all of the Aspergillus isolates tested were 
inhibited by less than O· l mg/I. Relative inhibition factors of saperconazo!e were in 
the range 31-76% for Candida isolates, 6-18% for Aspergillus isolates and 5-10% 
for dermatophytes. These figures predict a good inhibitory activity of saperconazole 
for all the fungi tested, with particularly strong activity against Aspergillus spp. and 
dermatophytes. Saperconazole inhibited hyphal branch formation in C. albicans at 
concentrations as low as 108 M. 

Introduction 

Saperconazole (Figure l) is a novel, fluorinated triazole derivative with potential as a 
clinical antifungal agent given by oral administration (Van Cutsem & Janssen, 1988). 
This study evaluated the arttifungal activity of saperconazole in vitro in tests for 
minimal inhibitory concentrations (MICs) and relative inhibition factors (RIFs) against 
Candida species and other fungal pathogens. Ketoconazole was used throughout as a · 
reference compound. 

Materials and methods 

The fungal isolates tested were all originally obtained from clinical material: they were 
maintained on Sabouraud's glucose agar (Oxoid) at 37°C (Candida and Aspergillus 
isolates) or 30°C (dermatophytes). The isolates of C. albicans included three known to 
be resistant to azole antifungals, and the isolates of other Candida species included 
C. kefyr Holt, known to be exquisitely sensitive to azoles. C. glabrata, C. guilliermondii, 
C. krusei, C. parapsi/osis and C. tropicalis were all included among the Candida species 
tested. The Aspergillus isolates consisted of two strains of A.fiavus and six strains of 
A.fumigatus, and the dermatophytes comprised three strains of Trichophyton mentagro­
phytes, two strains of T. rubrum and a single strain of Microsporum canis. All the 
Aspergillus and dermatophyte isolates were the same as were used in previous studies 
(Odds & Abbott, 1984; Odds, Webster & Abbott, 1984). 

For MIC tests, isolates were suspended in water at a concentration of 105 cells or 
conidia per ml and inoculated on phosphate-buffered yeast nitrogen base/1 % glucose 
medium, pH 7·0 (Shadomy & Espinel-Ingroff, 1980) and on Eagle's minimal essential 
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Figure l. Saperconazole (R 66 905): molecular weight = 673 Da. 

medium without glutamine (Gibco ), buffered at pH 7·2 with 0·02 M HEPES and gelled 
with agar (16 g/l). Saperconazole was prepared as a 100 x concentrated stock solution 
in dimethyl sulphoxide (DMSO), and stock dilutions in DMSO were added to molten 
agar media at 56°C to give final drug concentrations over the range O· l to 100 mg/l. The 
final concentration of DMSO was therefore 1 % (v:v), at which level no inhibitory 
effects of the solvent were noted: DMSO was routinely included in drug-free control 
media at this concentration. Ketoconazole was used as the reference compound in the 
same way as saperconazole. 

Relative inhibition factors (RIFs) were determined as previously described (Odds & 
Abbott, 1984) with ketoconazole again used as the reference compound. The RIF tests 
were performed in duplicate. Effects of saperconazole on hyphal branching in C. albi­
cans were determined with strain 73/055 as previously described (Odds et al., 1985; 
Odds, Cheesman & Abbott, 1986). No reference compound was tested in these 
experiments. 

Results 

MICs of sape_rconazole and ketoconazole for a selection of fungal pathogens are 
summarized in Table I. Saperconazole was less active than ketoconazole against 
C. albicans on both the test media, although the MICs of both compounds were similar 
for other Candida species. Against Aspergillus species, saperconazole possessed impres­
sive inhibitory activity, with MICs for all isolates below the minimum concentration of 
compound tested. The MI Cs of saperconazole for dermatophytes were generally higher 
than those of ketoconazole. 

RIFs for saperconazole and ketoconazole against the panel of test fungi are 
summarized in Table II. In terms of RIF, the two compounds possessed broadly similar 
activity against all the Candida species tested, but saperconazole was notably superior 
to ketoconazole against Aspergillus and dermatophyte isolates. The data for sapercona­
zole suggest an even greater anti-aspergillus activity for saperconazole than for 
itraconazole, which was previously found to have a mean RIF of 25% against the same 
Aspergillus isolates. 

The inhibitory effects of saperconazole against hyphal branching in C. albicans 
revealed behaviour characteristic of the more recent azole compounds (Table III). It 
showed less activity than ketoconazole at 10-9 M, less activity than itraconazole at 
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Table I. Minimal inhibitory concentrations (MICs) of saperconazole and ketoconazole against pathogenic fungi in vitro. Tests were 
done on yeast nitrogen base/glucose (YNBG) agar, pH 7·0 and on Eagle's minimal essential medium (EMEM) agar, 7·2 

Ketoconazole MICs (mg/I) Saperconazole MICs (mg/I) 
Fungal species Medium no. range gmean° MIC5/ MICw0 range gmean° MIC5o" MIC90° 

C. albicans YNBG 20 6·3-50 14·0 12·5 25·0 6·3-> 100 >100 > 100 > 100 
EMEM 20 0·4-50 15·0 25·0 50·0 0· l-> 100 33·0 l00·0 >l00 

Candida spp. YNBG 12 0· 1-25 0·7 0·4 25·0 0·1->100 0·7 0·2 >100 
EMEM 9b 0· 1-6·3 0·3 0·2 6·3 0·1-50 0·2 O·l 50·0 

Aspergillus spp. YNBG 8 0·4-6·3 2· 1 3·2 6·3 <0·1 <0·1 <0·1 <0·1 
EMEM 8 3·2-12·5 8·9 12·5 12·5 <0·1 <0·1 <0·1 <0·1 

Dermatophytes EMEM 6 0·8-6·3 2·3 3·2 6·3 3·2-25 11·0 12·5 25·0 

0 Geometric mean; 6three isolates of C. glabrata did not grow on EMEM. 
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Table II. Relative inhibition factors (RIFs) of ketoconazole and saperconazole 
against pathogenic fungi in vitro 

Ketoconazole RIFs (%) Saperconazole RIFs (%) 
Fungal species No. range mean± s.E.M. range mean ± S.E.M. 

C. albicans 16 33-76 51 ± 3 33-76 51 ±4 
Candida spp. 12 39-74 57 ± 3 31-68 47±4 
Aspergillus spp .. 8 42-75 61 ±4 6-18 14± I 
Dermatophytes 6 7-28 17 ± 3 5-IO 7±1 

Table m. Effects of saperconazole on hyphal branching in C. albicans 
strain 73/055. Hyphae were grown for 7·5 h at 37°C in EMEM pH 7·3 
containing various concentrations of saperconazole, then numbers of 
hyphal branches per mycelium were counted for determination of % 
inhibition of branching. Figures for other antifungals are historical data 

Antifungal 

Saperconazole 
Fluconazole 
Ketoconazole 
Itraconazole 

•Not tested. 

from Odds et al. (1985, 1986) 

% reduction in branches/mycelium at: 
109 M J08 M 107

M I06 M 105 M 

15 
NT• 
74 
25 

23 
2 

98 
95 

88 
15 
94 
88 

86 
94 
96 
94 

94 
98 
98 
97 

10-s M and more activity than fluconazole at 10-7 M. Comparison with historical data 
on hyphal branching was considered reliable since the effects of ketoconazole on hyphal 
branching in C. albicans 73/055 have been found consistently reproducible over a 
period of four years. 

Discussion 

Saperconazole behaves in a broadly similar manner to itraconazole, to which it is 
closely related chemically, in terms of its antifungal activity in vitro. Its activity in vitro 
against Aspergillus species, however, is clearly superior to that of itraconazole, the RIFs 
of which ranged from 19 to 30% in studies from this laboratory (Odds et al., 1984). 
This compound seems to have the potential to be a useful addition to the range of azole 
antifungals available for oral treatment of mycoses. 
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1,4-Dicarboxylic Acids 
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Crystal engineering of phannaceutical solids represents a fertile, 
emerging area of research. 1•2 The impetus for discovery of diverse 
crystal forms of drugs stems from the critical need to balance 
stability, bioavailability, and other performance characteristics, and 
also to provide valuable intellectual property protection. In the case 
of poorly water-soluble drugs, the dissolution rate and oral 
absorption of the compound can be strongly influenced by the 
physical state of the drug.3 Current strategies to deal with inadequate 
solubility, dissolution rate, and absorption of neutral crystal forms 
include salt forrnation,4 physical stabilization of amorphous solids,5 
complexation,6- 8 or encapsulation of organic solutions.9 The use 
of a crystalline solid is nearly always the best approach for limiting 
physical and chemical instability of a marketed drug.5 In addition 
to stability and bioavailability, crystal form characteristics such as 
morphology and moisture sorption can impact pharmaceutical 
development. The challenges of pharmaceutical research and 
development provide a unique opportunity to showcase the power 
and utility of crystal engineering to solve real-world problems. 10 

ltraconazole (1) is an example of an extremely water-insoluble 
antifungal drug that is marketed in the amorphous form (Sporanox 
capsule) to achieve the required oral bioavailability (Table I ). 11 

Co-administration of acidic beverages with Sporanox capsules is 
required to achieve maximum absorption of the weak base. 1-2 

Although the use of an acid addition salt would seem to be a logical 
strategy for improving the absorption properties of 1, a survey of 
the patent literature failed to reveal specific reports of crystalline 
salts of 1. Solution chemistry suggests that a pK, difference of two 
units between acid and base is needed to form a salt that is stable 
in water. 13 Given the pK, value of 3.7 for the piperazine of 1, 
conventional wisdom would limit a salt screen to those strong 
acids having dissociation constants below I. 7. However, recent 
examplesl.2 illustrate that crystalline phases can be engineered by 
combining molecules 14 selected to match hydrogen-bond donors 
with acceptors and by considering structural complementarities. ln 
short; it is becoming clear that supramolecular synthesis 15 can be 
applied to active pharmaceutical ingredients in the same way that 
it has been applied in model compounds. 16 These systems, referred 
to as cocrystals, could be extended to include organic acid and 
base combinations with pK, differences that-are inconsistent with 
salt formation in water. On the basis of these premises, a high­
throughput (HT) crystallization screen was conducted to search for 
salts and cocrystals of 1 with a large number of pharmaceutically 

· acceptable acids, which were chosen to provide a wide range of 
dissociation constants. shapes, sizes, and heterosynthons: 

We report here the discovery of stable cocrystals consisting of 
hydrogen-bonded trimers of two molecules of 1 and one molecule 
of a l ,4-dicarboxylic acid resulting from a HT crystallization screen 

'Transform Pharmaceuticals. Inc. 
1 University of South Florida. 
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Table 1 . . Cocrystal Forms of cis-ltraconazole (1) 

0 N7 · 
sec-Bu,N__..!z -0- t'\ -0- ~ ,N 

~::::;_;N ~ A N\__/ ~ A O N. 01.,,Ar 
1 Ar = 2,4-dichlorophenyl ~O 

[1],X X [1],X x· 

2a fumaric acid 2d L-tartaric acid 
2b succinic acid 2e ~ D-tartaric acid 
2c L-malic acid 2f DL-tartaric acid 

for 1. The crystal structure of one congener (Figure l) reveals an 
unanticipated and specific interaction between the triazole of 1 and 
the diacid in the solid state, which suggests a new heterosynthon 
for cocrystallizing triazole-containing compounds into binary (and 
potentially higher order) phases. 17 

Figure 1. Trimer unit_ of 2b from the single-crystal X-ray structure. 

Multicomponent crystals of 1 formed from polar aprotic solvents 
or solvent mixtures of hydrocarbons with polar aprotic solvents 
and required the presence of dicarboxylic acids. Polar protic 
solvents, including water and C1-J alcohols, yielded only crystalline 
free base of 1, suggesting that H-bond donating solvents interfere 
with cocrystal formation. Likewise, no salts or cocrystal forms of 
1 were found with monoprotic carboxylic acids, such as acetic and 
benzoic acid. The ratio of 1 to diacid in the binary phases of I 
with fumaric acid (2a) and DL-tartaric acid (2f) was shown to be 
2: I by solution I H NMR of dissolved crystal samples. Thus, it 
appeared that I equiv of a dicarboxyiic acid was tethering two drug 
molecules. Additional diacid-1 combinations, selected on the basis 
of their similarity to fumaric and tartaric acid; containing 0.5 equiv 
of diacid relative to I yielded crystalline compounds 2b-2e from 
THF. Compound 2b is perhaps the most surprising of these. because 
succinic acid has pK, values of 4.2 and 5.6, both of which exceed 
the pK, of the conjugate acid of 1. Maleic acid, with Z regio-

. chemistry around the C=C bond_, is the only 1,4-dicarboxylic acid 
tested that has not produced cocrystals with 1. despite being the 
strongest acid (pK, 1 of 1.9). Cocrystals could not be made with 1 
and malonic, glutaric. or adipic acid. The results indicate that 

10.1021/ja035776p CCC: $25.00 © 2003 American Chemical Society 
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Hexagonal platelike crystals of 2b were grown for single-crystal 
X-ray structure determination from a solution in 10/2/1 l,2-dichloro­
ethane/ethyl acetate/1,4-dioxane. Figure I shows the trimeric 
building block from the single-crystal structure. The two molecules 
of 1 are oriented in antiparallel fashion to form a pocket with a 
triazole at either end. The extended succinic acid molecule fills 
the pocket, bridging the triazol_e groups. 18 Interestingly, interaction 
between the 1,4-diacid and the strongest base ·on 1 (piperazine) is 
absent in the structure of 2b, but we cannot rule out an interaction 
of the o. hydroxyl groups on tartaric or malic acid with the 
piperazine nitrogens. 19 There are no current examples of a 1,2,4-
triazole-1,4-dicarboxylic acid cocrystal structure in the Cambridge 
Structural Database (CSD).20 It should be noted that the crystal 
structure contains only two of the four stereoisomers of 1; studies 
probing enantiomeric enrichment are ongoing. 

Identification of multiple crystal forms of the same drug with 
acceptable solubility, dissolution, and stability allows for selection 
·of the optimal form for dosage form development. To demonstrate 
this feature, the dissolution of the cocrystals in aqueous medium 
was studied to assess their potential impact on bioavailability of 
the drug from a solid dosage form. Figure 2 compares the 
dissolution profiles of 2b-d into O. l N HCI to those of crystalline 
1 (95% of all crystalline particles < 10 µm) and commercial 
Sporanox beads (amorphous 1). Crystal form 2c rivals the dissolu­
tion of the commercial product containing amorphous l. In general, 
the cocrystals behave more similarly to Sporanox than to crystalline 
1. The cocrystal forms achieve and sustain from 4- to 20-fold higher 
concentrations than that achieved from crystalline 1. The practical 
implication is significant, because the ability to form a supersatu­
rated solution, even transiently, can have a dramatic impact on 
absorption and bioavailability.21 
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Figure 2. Dissolution profiles into 0.1 N HCl at 25 °C for Sporanox beads 
(11), 2c ('1"), 2d (e), 2b (A), and l (♦). 

Crystal morphology and particle size are important for handling 
of a drug substance and for reliable manufacture of dosage forms 
with uniform drug content. The morphology of the cocrystals of 1 
ranges from fine needles for 2a and 2d-f, to needles or rectangular 
plates for 2c, and hexagonal plates for 2b. Form 2b is particularly 
easy to filter and dry to a free-flowing powder. 

In conclusion, cocrystals of 1 possessing diverse physical 
properties have been engineered on the basis of structures identified 
from HT crystallization. The solubility and dissolution properties 
of cocrystals can be similar to those of the amorphous compound 
and superior to the crystalline pure phase, thus presenting op­
portunities to increase bioavailability even in cases where stable, 
crystalline salt forms cannot be found. It is clear that satisfying the 
geometric constraints is a criterion of cocrystal formation and must 
be considered when attempting to tailor crystal forms. The 
observation that the acid moieties in 2b do not associate with the 

COMMUNICATIONS 

strongest base in 1 is inconsistent with the principle of strongest­
to-strongest interactions dominating self-assembly.22 Differences 
in pK. in water may not reliably predict interactions in the solid 
state or the capacity for a drug and salt-former to form cocrystals. 
Thus, studies limited to systems that follow the generally accepted 
rules of matching pK. values to ensure a strong salt pair in water 
are likely to overlook real opportunities for producing optimal 
medicines with minimal process and formulation issues. 
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Supporting Information Available: Micrographs and powder 
X-ray diffraction patterns for 2a-2f (PDF); crystallographic data from 
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acid that is closest to a piperazine nitrogen is 2.65 A., and the angle is 
131°. 

(20) A search of the CSD using ConQuest v. 1.5 revealed one example of 
intennolecular hydrogen bonding between a triazole and a carboxylic acid 
(REFCODE KOPSOX) and seven examples where a triazole is pro1ona1ed 
by a carboxylic acid. There are many examples of hydrogen-bonding 
interactions between carboxylic acids and heterocydic nitrogen in the CSD. 

(2 l) Kwei, G. Y.; Novak, L. B.; Hettrick. L. A.; Reiss, E. R.; Ostovic, D.: 
Loper. A. E.; Lui, C. Y.; Higgins, R. J.; Chen, L W.; Lin, J. H. Phann. 
Res. 1995, 12. 884-888. 

(22) Etter, M. C. Acc. Chem. Res. 1990, 23, 120-126. 
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Advances in the Chemistry of Novel Broad-Spectrum 
Orally Active Azole Antifungals: Recent Studies 
Leading to the Discovery of SCH 56592 
A. K. Saksena,* V M. Girijavallabhan, R. G. Lovey, R. E. Pike, 
H. Wang, Y. T. Liu, P. Pinto, F. Bennett, E. Jao, N. Patel, J. A. Desai, 
D. F. Rane, A. B. Cooper and A. K. Ganguly 
SCHERlNG-PLOUGH RESEARCH INSTITUTE. KENILWORTH, NJ 07033, USA 

INTRODUCTION 

Therapeutic breakthroughs in certain areas of medicine (e.g. diabetes mellitus, 
cancer chemotherapy, extensive surgery and organ transplantation) have created a 
sharp increase in the number of immunocompromised hosts highly susceptible to 
systemic fungal infections. Widespread incidence of life threatening Candidiasis, 
Cryptococcosis and Aspergillosis in patients with AIDS has underscored the need 
for safe and efficacious anti.fungal agents. 

In marked contrast to other ant.iinfectives, the pace of discovery of newer 
anti.fungals for systemic infections has been rather slow. Thus for over forty years, 
Amphotericin B (AMB) remains the only broad-spectrum drug for the 
management of most systemic infections. However, severe toxicity of 
amphotericin B continues to be a major problem not easily dealt with even today.1 

ltraconazole (X = Cl) 
Saperconazole (X = F) 

The Azole Antifungals: Two decades of early research in the azole area led to 
only topically active agents until ketoconazole (KTZ, Janssen) the first orally 
effective agent was introduced into clinical practice. However, some of the side 
effects associated with prolonged therapy with KTZ (e.g., hepatotoxicity and 
testosterone biosynthesis inhibition) result from marked inhibition of mammalian 
cytochrome P-450-dependent enzymes. Due to the very nature of fungal growth 
inhibition by azoles, specific binding to fungal rather than mammalian cytochrome 
P-450 is imperative. Itraconazole (ITZ, Janssen), a relatively selective inhibitor of 
fungal cytochrome P-450, now in clinical use, offers certain advantages over 
ketoconazole in terms of oral efficacy, broader spectrum and fewer side effects. 
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ITZ is the most effective azole for the treatment of Aspergillosis.2 Fluconazole (FLZ, 
Pfizer), the most recently introduced azole is a relatively narrow spectrum agent 
used extensively against Candida and Cryptococcus infections.3 However it lacks 
efficacy against Aspergillus infections. There have been increasing reports of FLZ 
resistance in AIDS patients with oropharyngeal and/ or esophageal Candidiasis; 
resistance to FLZ in Cryptococcus neoformans has also been reported.4a,b 

OBJECTIVES: 

At Schering-Plough we sought to develop a novel antifungal agent with broad­
spectrum activity against the key pathogens Candida, Histoplasma, Cryptococcus, 
Blastomyces and Aspergillus with reduced host toxicity. The new agent should not 
be a P-450 enzyme inducer, should have superior activity against Aspergillus 
versus ITZ and comparable activity against Candida versus FLZ and ITZ. In view 
of reported emergence of intrinsically FLZ resistant strains of C. glabrata and C, 

krusei,4a,b activity against these pathogenic strains would also be a very desirable 
attribute in a new azole antifungaL Further, where oral administration is 
impractical such as in critically ill AIDS and cancer patients, a water soluble 
version of the new clinical entity would be of definite advantage. 

THE NATURE OF THE PROBLEM 

The major features common to the three Janssen azoles viz KTZ, ITZ and SPZ 
include a trisubstituted 1,3-dioxolane having a defined cis-relationship between a 
azolyl methyl group and a lipophilic phenylpiperazinyl moiety. Early work on 
new analogs based on Janssen leads in several 'laboratories centered on a 
combination of azolylrnethyl and phenylpiperizinyl group either in a dithiolane 
ring [I] or in conformationally mobile acyclic systems [II]. These analogs as well as 
several hundred isoxazolidines [ill] incorporating elements of Janssen azoles did 
not provide a single analog worthy of preclinical evaluation.3 

WORKING HYPOTHESIS: 

The ketal functionality present in Janssen azoles has the potential to get at least 
partially inactivated in the stomach by acid hydrolysis. Any modification that 
would inhibit such inactivation but retain other physicochemical properties, may 
provide agents with improved absorption and efficacy. 

Early Explorations: 5 In meeting the above criteria, it was of interest to explore 
whether novel analogs of the type A, but especially types B to F would have 
certain desirable attributes in terms of oral potency, antifungal spectrum, 
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pharmacokinetics and lack of toxicity. Oxygen containing heterocycles being 
relatively flexible, it was not apparent at the outset in what manner the subtle 
conformational differences between these analogs would be reflected in their in­
vivo (PO) anti.fungal profile. 

Chemistry involved in the stereoselective construction of these ring systems 
having a defined cis relationship between the triazolylrnethyl and the nonligating 
lipophilic groups (OR") was not wen· documented. A logical understanding of 
structure-activity relationship also placed an important constraint that we bring 
about only one change at a time; in the present context the nature of the central 
ring. 

In early studies we had shown that the acetal analogs of the type A were 
equiactive to KTZ in-vitro and in-vivo (topical; Candida). Although at least two 
analogs from this series had oral activity comparable to KTZ and ITZ, their level of 
activity at 100 mpk did not offer ample prospects for any further improvement. 

Based on our original premise, the tetrahydrofurans of the types B-D were 
likely to be even more stable in a hydrolytic/metabolic sense. We were 
encouraged to find that these compounds were clearly more active than the type A 
analogs in mouse Candida as well as Aspergillus models. Of further interest is the 
fact that analogs of the types B and C were more active than KTZ and ITZ at a 
dose of 10 mpk; the type C being the most active. This interesting result could not 
have been predicted at the outset. 

We may draw attention to the fact that Janssen azoles did not provide 
adequate protection at doses below 100 mpk in the same mouse Candida infection 
model. In contrast even our least active type D analogs had excellent protection at 
50 mpk.5C 

Importance of the Central Ring Size: While the above modifications were in 
progress, we showed that increasing or decreasing the central ring size by one 
carbon (viz 6 and 4-membered analogs) had a profoundly adverse effect on oral 
activity.5, 6 Thus, the importance of a centr~l 5-membered ring was amply 
demonstrated by the lack of in-vivo oral activity of analogs of the types E and F. 

Role of Side Chains: For rapid identification of novel side chains, we had in hand 
a highly stereoselective route to 2,2,5-trisubstituted tetrahydrofurans via aqueous 
Diels-Alder reactions of electron deficient 2-aryl furans 1. Use of an aqueous 
version of the Diels-Alder reaction made possible isolation of previously 
inaccessible adducts 2 which were successfully elaborated (via 3) in a general 
stereocontrolled route to type B analogs? As we did not have an efficient 
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stereoselective route to the more active type C compounds at the time, we used 
type B template to introduce a host of side chains. This interim strategy proved 
invaluable later. 

0 H 

COOMe ~-/J COOMe ~o ,,,'"-oH 

+ I I -- X COOMe --- ~ I ~ -- ( type 8 ) 

COOMe ::::... I F ::,,.. '-tt-N-.: 

(+) k:: ~ X - N 
1 

Thus, using type B analogs as examples, considerable oral activity was 
maintained with analogs having diverse side chains. The importance of an 
aromatic spacer group for oral activity also became clear from these studies. It 

· was also shown that analogs having triazolyl functionality were more active (PO) 
than those containing imidazolyl group.5, 7 

INITIAL LEAD: SCH 45012 

Following modifications of types B and C analogs, Sch 45009 and Sch 45012 were 
synthesized and their activity compared with ITZ and saperconazole (SPZ) in 
systemic Candida and pulmonary Aspergillus infection models.Sa, c Both Sch 
45009 and Sch 45012 had comparable broad-spectrum activity in-vitro. However, 
in animal models, Sch 45012 was shown to be more active than Sch 45009, ITZ and 
SPz.5, 8b 

Sch 45009 (K=O, L=CH2) 
Sch 45012 (K=CH2, L=O) 

With its three chiral centers, two in a defined cis-stereochemical relationship 
(arrows), Sch 45012 is a mixture of four optical isomers. Having met our primary 
objectives, we sought all four stereoisomers of Sch 45012 for detailed biological 
evaluation and enzyme induction studies. 

Chiral Epoxide Route to Sch 45012 Isomers: 

Based on our synthesis of the racemic type C analogs, the Sharpless-Katsuki 
asymmetric epoxidation offered a promising approach. Indeed the readily 
available allyl alcohol 4 could be converted to both SR and 5S epoxy alcohols 
which acted as key intermediates to provide respectively the 6S and 6R cis­
tosylates from which all four stereoisomers of(±) Sch 45012 were derived.Ba 
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Predictable course of the Sharpless-Katsuki asymmetric epoxidation and 
origin of the chiral side chains from the known (R) and (S)-2-butanols, enabled us 
to assign relative and absolute stereochemistry to each stereoisomer. Later, the 
structure of Sch 50002 was also verified by X-ray crystallography. 8d (Scheme I) 

~~ 
FU\OH 

~s 

Sch 47999 ~h 50002 

(i) Alkylation ,( 
(isomer a) 1 Me mer d) 

~ (ii) 0-Demeth. TsO H Me H 

F v.OTs ~-''oTs 

0 ,,, 0 -0" -0- 5l 0 
N 

Meo ~ /J N N ~ A N ~- -
F N' \_/ '=N F N N 

~~ ~~ 

§.S ~N ~(!) Alkylation j .~!Me /4 §_R N 

Sch 50000 (u) O-Demelh. Tso H Me Sch 50001 
(isomer b) (isomer c) 

Me 

-0 ,---.-o-Ji Ho N N ~ /J N · ~ H Me 
\_/ '=N 

Initial supplies of all four isomers of (±) Sch 45012 provided sufficient 
material for preliminary in vitro and in vivo biological evaluation. Results 
indicated the two (5S)-(+) isomers, Sch 49999 and Sch 50000 to be virtually inactive 
"dystomers" and the two (5R)-(-) isomers, Sch 50001 and Sch 50002 identified as 
the two "eutomers" of(±) Sch 45012.Ba, c 

Although we had made significant progress, we were far from a situation to 
provide sufficiently large quantities of Sch 50001 and Sch 50002 for detailed 
biological evaluation and enzyme induction studies. Nonethless, at this point we had 
discovered an important absolute stereochemistry requirement for optimal oral activity in a 
given series . 

A Rapid Synthesis of Sch 45012 Isomers via(±) cis-Tosylate: The racemic cis­
tosylate 6, available in large amounts at the time, when coupled with the 
phenylpiperazinyl side chains derived from (R) and (S)-2-butanols produced a pair 
of mixtures. These two-component sets were composed of in each case, the so­
called isomers a/ d {Sch 49999 /Sch 50002) and b / c (Sch 50000/Sch 50001) 
respectively. Unlike the original four-component mixture of Sch 45012 isomers, 
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preparative separation of these two pairs on a ChirakeJ® OD column proved 
relatively trivial. In this manner adequate quantities of all four isomers were 
quickly made available for detailed biology. 

SCH 50001 vs SCH 50002 

In terms of in-vitro activity both Sch 50001 and Sch 50002 were equiactive. Both 
compounds were devoid of liver P-450 enzyme inducing capability. In-vivo 
however, Sch 50002 was more efficacious (PO) than Sch 50001 in Candida as well 
as Aspergillus infection models, both compounds being dearly more efficacious 

· than ITZ and SPZ. 8 

ACHIRAL SIDE CHAIN SUBSTITUTION: 

With the identification of Sch 50002 as an excellent lead structure, concerted efforts 
were devoted to introduction of a variety of side chains. A number of saturated, 
unsaturated and polar side chains were shown to have excellent in vitro activity . 
In general, branched alkyl chains appeared to have a desirable effect on in vivo 
activity. The presence of either relatively basic or acidic side chains also resulted 

· in profound loss in activity.9 

-0- '""' -0- j_ RH ,,,.-o N,_l ~ /J \=l-z 

-N Sch 51047 Z = -( Sch 53104 Z = Me 
Me . ~ 

F k:,-, Me Me 

N -CMe -0 * Sch 51048 Z = Sch 51767 Z = 
Me 

SCH 51048, A BROAD-SPECTRUM ANTIFUNGAL: 

In a most productive study aimed at elimination of chlrality of the side 
chain of Sch 50002, two analogs, Sch 51047 and Sch 51048 were prepared. 
Interestingly the 3-pentyl analog, Sch 51048 was found to have greatly improved 
therapeutic potential over Sch 50002 and other existing drugs against a variety of 
systemic fungal infections in normal and immunocompromised infection models; 
the isopropyl analog, Sch 51047 was the least active compound in this comparison. 
Sch 51767, a conformationally rigid cydopentyl side-chain analog, was also shown 
to have reduced albeit significant percent survival compared to ITZ. The lack of 
activity of Sch 53104 a 9-carbon branched chain analog highlighted the importance 
of optimal carbon chain length. 

Biology of Sch 51048 and other analogs has been discussed in some detail 
elsewhere.9 In view of this new development, further efforts on Sch 50002 were 
curtailed in support of this promising new azole. With one chiral center 
eliminated from its side chain, Sch 51048 would also be a relatively less expensive 
compound to synthesize. 
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NEW SYNTHETIC ROUTES TO SCH 51048 AND ANALOGS: 

Synthetic problems associated with our original route to the cis-tosylate 6R were 
mainly associated with our inability to take advantage of the chirality induced at 
the benzylic carbon via the Sharpless-Katsuki epoxidation, an excellent step by 
itself. In the meantime a few kg of Sch 51048 was made available for preclinical 
toxicity by this first route in its original tedious version. 

Attempts to overcome these problems required extensive exploratory 
chemistry culminating in at least three practical enantioselective routes to Sch 
51048 and its analogs. 

ACYCLIC STEREOSELECTION VIA HALOCYCUZATION: 

A conceptually different approach not involving chiral epoxide intermediate was 
next considered. Halocydization is an effective way to construct the 
tetrahydrofuran ring system although stereoselectivity is often difficult to predict 
or rationalize. The major activity and success in this regard has been in the 
formation of 2,5:-substituted tetrahydrofurans in which the chiral centers in the 
product bears a 1,3-relationship. lOa These cydizations not unexpectedly lead to 
the thermodyanamically more stable trans-products. In contrast Rychnovsky and 
Bartlett have shown that cydization of appropriate benzyl ether derivatives can 
give thermodyanamically less stable cis-2,5-substituted tetrahyd.rofurans with high 
diastereoselectivity _ lOb 

A careful search in the literature led us to conclude that no examples 
existed of stereoselective halocyclizations leading to the uncommon 2,2,4-cis­
trisubstituted tetrahydrofurans needed in our present studies. In any case we 
speculated that the bulky 2,4-difluorophenyl substituent on the electrophilic 
olefinic end may enforce a directive influence in favor of the desired 2,2,4-
trisubstituted tetrahydrofurans. Two approaches were investigated which are 
now described. 

(i) 5-Endo-trig-cydization Approach: Our original idea was to take advantage of 
halocyclization of a chiral olefin such as 7. Specific conditions to obtain either 2,5-
cis or trans substituted tetrahydrofurans via 5-endo halo- (and seleno) cyclizations 

' of ~-hyd.roxyalkenes have been described. Interestingly depending on the nature 
of electrophile, either E or Z olefins could be used in these cases as long as their 
geometrical homogeniety was ensured. me It appeared 2,2,4-cis-trisubstituted 
tetrahydrofurans could also be obtained by application of this methodology. 

-------
F 
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Due to lack of energetic barriers, geometrically homogeneous trisubstituted 
olefins are all the more difficul.t to prepare. We succeeded in devising a specific 
methodology to prepare exclusively the Z olefin 12 by Homer-Wittig reaction of 
the 2,4-difluorophenyl pyruvate ester 10 with the phosphine oxide 11.11 

Conversion of 12 to the desired olefin 7 could be foreseen as a straightforward 

F 0 

~COOMe 

FJ:J 
10 

+ 

Me)<Me ~o'/..Me 
o o F I O Me 

V ----- ::;, l COOMe 
8~ F ~ 

_1:>.Ph2 
.ll 0 12 

transformation. But we did not pursue this route, as a more promising approach 
involving a novel 5-exo type halocyclizations emerged. 

(ii) 5-Exo-cydization Approach: While the above studies were in progress, we 
discovered a unprecedented yet remarkably simple 2,4-diastereoselective 5-exo 
halocydization of 2,2-disubstituted olefins.12 Synthesis of the key olefinic 
homochiral diol 15 was accomplished quite simply and in high yields from the 
allyl alcohol 4. (Scheme II) 

In the very first iodocyclization attempt at room temperature, the cis:trans 
ratio of the iodoalcohols 16 and 17 was an impressive 88:12. 1his stereoselectivity 
improved at lower temperatures (0°->5°C) to better than 90:10 in favor of the 
desired cis-diastereomer 16. An attractive feature of this 5-exo-cydization 
approach is that the resulting iodomethyl functionality presents itself as an 
electrophile for the direct introduction of the azolyl moiety. The scope and 
limitations of this 2,4-diastereoselective 5-exo-halocyclization process have been 
discussed elsewhere. The presence of a 2-aryl substituent on the olefinic end 
appears to dictate the observed 2,4-diastereoselectivity.12 

F 
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12, NaHC03 

MeCN, R.T. 

Scheme II 
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Displacement of iodine in a neopentyl-like system by the highly 
nucleophilic triazolyl anion posed no problems. In preliminary experiments, 
protection of the alcohol functionality during triazole anion displacement was 
considered necessary only as a precaution to prevent intramolecular oxy-anion 
displacement of iodine. As we will show later this was found quite unnecessary 
thus saving two steps. In this manner we accomplished the shortest and most 
efficient synthesis of the racemic cis-tosylate 6. 

From this success it appeared that we were close to a breakthrough if only 
we could devise an efficient synthesis of a desymmetrized derivative of the diol 
15. An elegant enzymatic desymmetrization of 15 will be described later. In this 
conceptually distinct approach, the chiral induction on the benzylic carbon would 
follow by the very nature of the iodocyclization process. 

ASYMMETRIC SYNTHESIS VIA CHIRAL IMIDE-ENOLATES: 

Enantioselective chemical routes to 6R (and 6S) were viewed as being directly 
accessible via the chiral imide technology developed independently by the 
Evans13a and Oppolzer13b groups. A wide choice of electrophiles, excellent 
diastereoface selective alkylations, and aldol condensations led us to choose 
Evans' methodology. However it was not clear at the outset in what manner the 
2,2-disubstituted olefin functionality placed ~ to the site of an enolate would 
influence overall efficiency of electrophilic substitutions; to the best of our 
knowledge these type of substrates have not been studied earlier.14 

(a) From Valinol Derived Chiral Auxilliary: In a one-pot sequence, the readily 
available allyl alcohol 4 was subjected to Claisen-Johnson orthoester 
rearrangement (via 18) providing the olefinic acid 19 in virtually quantitative 
yield. Our first experiments were conducted with lithium enolates of 20 using 
benzyloxymethyl bromide as the electrophilic reagent. Although high 
diastereoselectivity of the desired benzyl ether 21 was observed, the chemical 
yields were unacceptably low (-30%). 

Scheme Ill 

F ~OEt 
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F ,,,''oBn 
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In a marked improvement, alkylation of 20 with benzyloxymethy1 chloride 
via Evans' titanium enolate protocoI13c gave 21 in excellent yields. Most 
importantly no isomerization of the 2,2-disubstituted olefin was detected during 
either lithium or titanium enolate formation, a requirement crucial to success in 
this chiral imide route to 6R. Reduction of 21 with LAH in tetrahydrofuran gave 
the desired (S)-diol monobenzyl ether 22 (85% yield) with the oxazolidinone 
auxilliary recovered in 70% yield by chromatography. The remaining steps from 
the iodocyclization onwards proceeded as expected according to Scheme II. Thus 
the desired (-)-(2R)-cis-tosylate 6R was obtained in excellent yields and over 99% 
optical purity. (Scheme ill) 

(b) From Phenylalinol Derived Chiral Auxiliary: The following alternative 
approach was undertaken as we were keen to avoid yield limiting protection­
deprotection operations. The allyl alcohol 4 we had been using so far was 
prepared in 4-steps from 2,4-difluorobenzene. Thus synthesis of the olefinic add 
19 used above required a total of 6-steps. We were able to obtain 19 in two simple 
steps by Friedel-Craft reaction of 2,4-difluorobenzene with succinic anhydride to 
provide the keto acid 25. Wittig reaction of 25 with 2 equivalents of methylene 
triphenyl phosphorane then gave 19 in -60% yield over 2 steps. 

A 
FA)! 

Ph 
I 

Scheme IV 

--------~:;o 
~ -- 0 0 ----------,► 

26 

--------0 0 
)l N)'-...0 

F R ,, r-1 
F{ff? Ph--. 

28 
(cis:trans, >90:10) 

X 

~COOH 

F,4J 
r- 25 X == 0 
L.- 19X = CH2 

,J:Jr;f'o• 
C:. 29 X' = I; R == H 
r- 30 X' == 1-N-triazolyl; A = H 
,..__ §R X' = 1-N-triazolyl; R = Ts 

· Diastereoface hydroxymethylation of 26 was best carried out with sym­
trioxane using Evans' titanium enolate protocol to give 2 7. The direct 
iodocyclization of 2 7 at room temperature with a high degree of 
diastereoselectivity in favor of the desired cis-iodo imide 28 is noteworthy. 
Lithium borohydride reduction of 28 provided the iodoakohol 29 which was 
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displaced directly with sodium-triazole followed by tosylation; the 6R cis-tosylate 
so obtained was identical in all respects to the authentic material. (Scheme IV) 

Notably, as we had hoped, no protecting groups were required throughout 
this entire sequence. This "protecting group free" new route to 6R offers excellent 
opportunity for large scale operations.14 

Dichloro Analogs: No problems arose in the successful application of the above 
2,4-diastereoselective 5-exo iodocyclizations combined with Evans' chiral im.ide 
enolate chemistry to prepare the dichloro analogs of Sch 50001, Sch 50002 and Sch 
51048. As reported earlier,12 presence of the bulkier ortho-chlorine substituent 

· considerably slowed down the rate of iodocyclization but the cis:trans selectivity 
was still a respectable 78:28. These dichloro analogs had excellent broad-spectrum 
antifungal activity in vitro but they were found to be less active in animal infection 
models than the corresponding difluoro analogs. 

a . ~ 
~"1° 

a 31 ~H ,,,, -0 " -Q- A ' 0 ~ /J N N ~ /J N ~-z L O \_/ . '=N . 

- a N N Sch 55198, Z = (R)-[CH(Me)Et] 
k:, ~ Sch 55200, Z = (S)-[CH(Me)Et] 

N 
Sch 55202, Z = CH(Et)2 

HYDROXYLATED ANALOGS OF SCH 51048: 

In an effort to further improve oral absorption properties of Sch 51048, 
sythesis of analogs having polar side chains was undertaken. An added incentive 
behind this investigation was to see if we could prepare water soluble salts and/ or 
derivatives from these polar side chains for possible parenteral use. 

Key Triazolone: A synthesis of the triazolone 35 via a linear sequence was 
reported earlier.9 In a more direct approach to this key intermediate, the side 
chain triazolone 32 was first demethylated, then partially N-SEM protected to 
provide a suitable fragment 33 which was used to alkylate the cis-tosylate 6R. The 
resulting N-SEM protected intermediate 34 from this convenient source was used 
to introduce a variety of side chains. (Scheme V) · 

Sacrificing methodology development and efficiency for speed, the two 
isomeric olefins 36 and 37 and the allylic alcohol 38 were converted to the 
mesylates 39, 40 and 41 which could be coupled to the triazolone core 35 in the 
presence of sodium hydride. This effort took barely three weeks to give the 
resulting three pairs, Sch 55801, Sch 55803 and Sch 55805, in amounts sufficient for 
MICs. Biological evaluation of these diastereomeric pairs provided unexpectedly 
promising results. Thus while introduction of relatively basic or acidic side chains 
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resulted in reduced activity, incorporation of hydroxyl groups led to greatly improved in­
vivo activity. (Scheme VI) 

Scheme V 

Scheme VI ·oMs 

Me~Me Me~Me 
39 OSEM 

36 (i) H202, HCOOH; (ii) NaOH 
OMs 

.~Me (iii) NaH, SEM.CI 

Me~Me Me (iv) MsCI, Pyridine 40 
37 OSEM 

Me~ 
(i)BH3, THF; (ii)H202 

Me~OSEM 
(iii) NaH, SEM.CI OH (iv) MsCI, Pyridine OMs 

38 41 

0 0 0 

·Ar-NJl.N,.":<;e Ar-N)l_N~Me Jl -Ce Ar-N N * 6N OH bN * OH br..i Me Me OH 

SCH 55801 (*R,R/S,S) SCH 55803 (*R,S/S,R) SCH 55805 (*R/S) 

Coupling Step: Compared to the methanesulfonate used above, the 
bromophenylsulfonate group proved to be a better choice leading to nearly 
complete reactions and higher isolated yields of N-alkylated products. Analysis of 
comparative kinetic data for substitution and elimination reactions of various 
leaving groups led us to surmise that a spatially more bulky group would actually 
be more desirable here and one with higher acidity of its conjugate acid. At the 
same time, use of cesium carbonatel5 as base in place of sodium hydride or 
hydroxide significantly improved N-alkylation yields in reactions virtually free of 
by-products. 

With the new procedure to synthesize the triazolone segment 35 and 
efficient methodology to attach hydroxylated side chains in place, we now 
describe synthesis of all six hydroxylated analogs of Sch 51048. 
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(i) Secondary Hydroxy Analogs: 

Among the various approaches that we considered, use of (R) and ($)-lactic 
acids appeared most appropriate as chiral sources to prepare the four secondary 
hydroxy analogs of Sch 51048. 11\is may be exemplified in the synthesis of Sch 
56586 and Sch 56590, the (R),(R) and (R),(S) isomers respectively. 

Protection of (R)-methyl lactate as a benzyloxymethyl (BOM) ether 
followed by DIBAL reduction provided the aldehyde 42. Grignard reaction of 42 
with EtMgBr in tetrahydrofuran gave the (S),(R) and (R);(R) monoprotected dials 
43 and 44 (-50:50) which were separated by chromatography. Paradoxically, this 
lack of stereoselectivity in the presence of tetrahydrofuran by design, proved 
extremely useful especially since we needed initially both 43 and 44. The 
brosylates 45 and 46 derived from these alcohols were then used to N-alkylate the 
triazolone 35 according to conditions described above. Acid catalysed deprotection 
of the BOM ether finally gave the targeted Sch 56586 (R),(R) and Sch 56590 (S),(R) 
analogs. 

Scheme VII 

oj~.:·H - 0{,0.BO;--
Me Me 

(R)-Lactic Acid 42 

OMe 

otOH 

Me 

(S)-Lactic Acid 

i as above 

0 iMe Ar-NJl..N.., R 

kN s OH 
Me 

Sch 56588 

as above 

O Me 
Ar-NJl..~..,/; 

'=N s}-o H 
Me 

Sch 56592 

iM• tM• HO + HO" 

O.BOM R O.BOM 

Me Me 
43 44 

+ t iM• tM• Bs.O Bs.Qu, 

O.BOM R O.BOM 

Me Me 
45 46 

i as above i as above 

~ tMe Jl i.Me Ar-N N"' R Ar-N N s 
\.::r,j RuQH '=N R"'OH 

Me Me 

Sch 56586 Sch 56590 

Following the above set of reactions using (S)-methyl lactate, the remaining 
secondary hydroxy analogs, Sch 56588 (R),(S) and Sch 56592 (S),(S) were 
synthesised. 

(ii) Primary Hydroxy Analogs: 

The commercially available methyl (R)-3-hydroxyvalerate acted as a 
common source for the two remaining optical isomers of hydroxylated Sch 51048. 
LAH reduction of (R)-3-hydroxyvalerate gave the diol, which was selectively 
protected as the mono SEM ether 47. A portion of this rnonoprotected (R)-diol 
was used to provide the monoprotected (S)-akohol 49. Now both (S) and (R)-
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Sch No. 
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MICs of Polar Side Chain Analogs: 
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R \_I ~ Ii '=N 
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k, ') -N 
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Sch No . 

~,,.,OH 
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"'~)• 11 NH2 0 
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OH 
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OH <OH 
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,.,.[R"Me 
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#) 11 0H 
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alcohols were converted to the brosylates 48 and 50 respectively. Finally, N­
alkylation of the triazolone 35 with these brosylates under the above established 
conditions followed by deprotection, completed synthesis of Sch 56594 and Sch 
56596, the two primary hydroxy isomers. 

Scheme VIII 

,, R 0 HO,~e 

H 
,,, R (i) alkylation x~e 

H (ii) deprotection,. 

OMe 

Methyl (R)-3-
hy<l,oxyvale'81e j 

's x~e 
H'' 

OSEM 

OSEM 
47 (X=OH) --, 
48 (X=O.Bs)---1 

~i) alkylation 
11) deprotect1on 

49 (X=OH} --i 
50 (X=O.Bs)----1 

.. 

Sch 56596 

Sch 56594 

This successfully completed synthesis of all six optical isomers of 
hydroxylated Sch 51048 for in vivo evaluation. Although presented in only its 
essential details, the entire effort was a major undertaking on our part involving 
considerable methodology development. 

(iii) Synthesis of Additional Hydroxy Analogs: 

Synthetic methodology devised in the course of preparing the above six 
hydroxy analogs was successfully applied to synthesis of a variety of rational 
hydroxylated analogs of Sch 51048 within a short period of time. For example all 
eight hydroxylated analogs of Sch 50001/Sch 50002 were synthesized. In all, over 
50 hydroxylated analogs were synthesized for biological evaluation. Without 
going into a detailed discussion of synthetic operations, we are giving MICs of 
some of the more significant analogs. One purpose of this investigation was to 
look for more accessible hydroxy side chains which may show at least comparable 
anti.fungal activity in vivo to the original six hydroxylated analogs of Sch 51048.18 

SELECTED COMPOUND: SCH 56592-

Preliminary biological evaluation (in vitro ) showed most hydroxylated analogs of 
Sch 51048 as having excellent broad-spectrum anti.fungal activity against Candida 
albicans (31 strains) and Aspergillus (38 strains). The in vitro activity of a selected 
number of analogs was compared with ITZ, FLZ and AMB against 285 strains of 
yeasts and filamentous fungi, comprising 19 different genera and 37 different 
species, including FLZ resistant strams.19 In order to select one compound with 
the best overall biological profile for further preclinical evaluation Sch 56588, Sch 
56592 and Sch 56984 were subjected to detailed in vivo evaluation in several 
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normal and immunocompromised infection models (Candida and Aspergillus ).Sc A 
comparision of in vivo efficacy and pharmacokinetic profile of these three 
compounds is shown. Based on the overall efficacy and bioavailability in 5 
animal species, Sch 56592 was recommended for further development. 

PRACTICAL SYNTHESIS OF SCH 56592: 

Enzymatic desymmetrization 17 of the hornochiral diol 15 was considered an 
,attractive possibility from the outset. Successful model reactions in the presence of 
PPL convinced us that the optical purity of a desyrnmetrized (R)-monoester of 15 
carried all the way to the 6S cis-tosylate. But it took a systematic screening of 169 
hydrolases to make it a practical proposition. Out of these hydrolases only 6 
displayed desirable reactivity and selectivity and only Novo SP 435 showed 
enhanced pro-(S) selectivity under the conditions of the screen. Complete 
consumption of the diol 15 was imperative to ensure optical integrity of the final 
product. Thus, under the optimised conditions <10% diester of 15 was also 
formed; this did not interfere with iodocyclization and subsequent triazolyl anion 
displacement reaction. The most practical route to Sch 56592 now conducted on 
over 30 kg batches was accomplished as follows.12, 18 

F 

F 

F 

Scheme IX 

SP435 

Vinyl acetate, 
MeCN, O°C 

(i) Na-triazole; (ii) NaOH; 

(iii) Tosylation 

F 

F 

/OAc 

~H 

51 (>90% yield) 
. >98% ee 

· ilodocyc. 

H ,,,'-OAc 

52 
(cis:trans, >90:10) 

.Q 

,,,,-o-Q-{=}-0-NCNN~:: 
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CONCLUSION: 

We have described here a significant effort leading to the discovery of Sch 56592 a 
potent anti.fungal agent now undergoing phase I clinical trials. Its excellent broad­
spectrum activity (P.O.) and superiority over most existing antifungal agents has 
been confirmed by outside investigators. Detailed biology of Sch 56592 has been 
discussed elsewhere.19,20 

Systematic studies directed at understanding of stereo and regiochemical 
requirements for optimal oral activity led to the discovery of tetrahydrofurans 
with specific placement of the ring oxygen (cf. type C). This significant result could 
not have been predicted at the outset. 

Efficient stereo and enantioselective synthesis of 2,4-cis-trisubstituted 
tetrahydrofurans was critical to our success in the rapid synthesis of analogs. In 
the course of these studies we discovered a unprecedented 2,4-cis-selective 
halocyclization of 2,2-disubstituted olefins, which provided a powerful 
methodology utilized in three most practical routes to Sch 56592 and its analogs. 
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CONCISE ASYMMETRIC ROUTES TO 2,2,4-TRISUBSTITUTED TETRAHYDROFURANS VIA CHIRAL TITANIUM 
INIIDE ENOLATES: KEY INTERMEDIATES TOWARDS SYNTHESIS OF HIGHLY ACTIVE AZOLE ANTIFUNGALS 

SCH 51048 AND SCH 56592 

Anil K. Saksena, • Viyyoor M. Girijavallabhan, Haiyan Wang, Yi-Tsung Liu,' Russen E. Pike and Ashil K. Ganguly. 
Schering-Plough Research Institute, 2015 Galloping Hill Road, Kenilworth, New Jersey 07033, U.S.A. 

Abstract: Two complimentary approaches to the key (-)-{2R)-ciS-losylate 1 and rts {+ )·(2S)•enantiomer 15 vie generation ol chiral 
imide enolates having a 2,2-disubstituted olefin functionality In the !}-position, are described. In a •protecting group free• sequence. 
reaclion ol 1he titanium enolale generated from (4R)-ben-zyl·2-oxa.zolidinone derived imide 5b with s-triox.ane provided a convenient 
inlennediale 19 whiell could l:>e direclly subjected lo 2.4-diaSlereoselectlve iodocyel!zalion. Copyright © !996 Elsevier Science Lid 

As part of an extensive search !or orally effective antifungal agents we recently described a practical synthesis 

of Sch 56592 which posesses improved therapeutic potential over Sch 51048 and other clinically useful agents against 

a variety of systemic fungal infections in normal and immunocompromisad infection models. 1,2 Both compounds belong 

lo an uncommon 2,2.4•1risubstituted cis--tetrahydrofuran family of orally aclive broad-spectrum antifungals. In our earlier 

chemoenzymatic route to these compounds, the key H·(2R)•cis-tosylate 1 was secured via an unprecedented and 

remarkably etlicient 2,4-diastereoselective 5-exo-halocyclization process. The (45)-diol monoester synthons 3a and 31> 

of high optical purify ( ~99% ee) were obtained in this case by organic-phase enzymatic acylation ol 2 in !he presence of 

Novo SP 435 {Novozyme 435 from Novo Norclisk).2 

WH ,.,OTs WR2 :-·•''o-0-CN-o-N!N~:e 
Rel. 1 E o Me 

F N""N F ·,,rN 
~} ~~ 

1 N N 

1t H l ~•''oAc 

F,(JT_:' 
§ 2. Fl=H 

a&R=Ac 
~Fl=lsobut. 

Sch 56592, X = OH 
Sch 51048, X = H 

Enantioselective ~ routes to 1 and its corresponding (+)·(2S)-enantiomer 15 were viewed as being 

directly accessible via the chiral imide enolate technology developed independently by the Evans3 and Oppolzer4 

groups. At ihe outset ii was not clear in what manner the unsaturation (arrow) IJ to the sile of enolate derived from 5 

would influence the efficiency of electrophilic substitutions; 10 the best of our knowledge these type of substrates have 

not been studied earlier. The wide choice of elactrophlles, excellent diastereoselectivlties for both alkylations and aldol 

condensations, and easy access to chiral auxiliaries led us to choose the Evans methodology.5 We now describe two 

complimentary routes to 1 using chiral oxazolidinones derived from (S)-vafinol and (R)-phenyfalaninol respectively. 

Synthesis of the desired olelinic acid 7 was accomplished quite simply and in high yields from the ally! alcohol 6 

available in bulk lrom our original chiral epoxide route 10 1.6 In a one-pot sequence 6 was subjected to Ciaisen-Johnson 

orthoester rearrangement 7 with triethyl orthoacetate followed by basic hydrolysis of the resulting ethyl ester to provide 7 
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as a crystalline solid, m.p. ss° C in 86% yield.8 Treatment of the acid chloride II with the lithium salt of (4S)-(-)-4-

isopropyl-2-oxazolidinone according to standard condltlons5 readily provided the chiral imide Sa in over 80% yield.8-9 

Our first experimerrts to introduce the benzyloxmethyl tuntionality were conducted with the lithium enolale ol Sa using 

benzyloxyrnethyl bromide as the alkylating reagent. Altnough excellent diastereofacial selectivity for the desired benzyl 

a, b 

(one-pot) 

6 

4H_,.,--.._OR 

0 _ __,9,.._ __ 

F 'x 96% 

12. A= Bn; X' = I .,,.,.! 5 h 
13. A= Bn; X' = 1-N-trlazolyl~ 

-100°k I 
li A = H: X' :: 1-N-triazolyl 

1 A= Ts; X' = 1-N-trlazolyl~ l 

SCHEME I 

1J2 Z :: H ---, k 
11 Z = COMe --1 

d 

F 

F V~ Yo 
0 

Reagents: (a) (EtO)JC.Me, EtCOOH (cal.), 120°: (b) KOH, MeOH, R.T.; 

(c) 6 Na-salt, oxaiyl chloride, a°c: (d) oxa.zotidinone L~salt, THF, -1s0c: 
(e)4a, CH2Cl2. TiC'4, o0c. then Et3N, BnOCHzCI, o0c: (I) LAH. THF, o0c: 
(g) l2, MeCN, pyridine, 0-s0c: (h) Na-triazole, DMF. DMPU, 100°c. 24 h: 
(i) H;i}10% Pd/C: ij) TsCI, pyridine: {I<) acotylation: (I) 12 MeCN: 

ether 9 10 (over 98:2) was realized, the chemical yields were unacceptably low (-30°k). Under these conditions -40% 

unchanged 5a was recovered, plus intractable products. Under the same conditions. saturated substrates have been 

reported to provide the corresponding benzyl ethers in over 70% yields.5 

Titanium enolates of N-acyloxazolidinones have been utilized wtth greatly improved results over li•enolates in 

terms of operational simplicity and high diastereofacial selectivity. 11 ,12 Thus in a marked improvement. alkylalion of 511 

with benzyloxymethyl chloride via Evans' titanium enolate protocot12 gave the benzyf etl1er 9 in 84% yields (>98% de). 

No isomerization of the 2,2-disubstituted olefin was detected during either ll!llium or titanium enolate formation, a 

requirement crucial to success in this chiral imide route to 1. Reduction of 9 with LAH in tetrahydroluran gave the 

desired (·)-(2S)•diol monobenzy1 ether 1013 (85% yield) with -80% recovery of the chiral auxiliary. The remaining steps 

. lrom iodocyclization onwards proceeded as expected2 to provide cis-1-N-triazolyl benzyl ether 13 and the 

corresponding trans-isomer 13a (cis:trans; >90:10).14 The undesired 13a was readily separated from 13 by 

chromatography. Hydrogenolytic debenzylation o1 13 followed by tosylation oi the resulting alcohol 14 provided the 

desired H·(2R)-cis-tosylale 16 in overall 90% yield and excellent optical purity (>99% e.e.). (Scheme I) 

In principle, synthesis of the enantiomeric (+)·(2S)-cis-tosylate 15 could be easily carried out by following the 

above sequence using an appropriate chiral auxiliary such as (4R)·(+)·4-isopropy1•2-oxazolidinone. This was found 

quite unnecessary as iodocyclizalion of 11 under the equilibrating conditions according to Aychnovsky and Bartlett15 

provided the iodoacetate of opposite configuration. As we have reported earlier,2 under these conditions the 'cis:trans' 

diastereoselectivity was relatively poor {70:30). However following established conditions, the (+)·(2S)-cis-tosylate 15 

could be prepared from the major iodocyclization product after chromatographic separation from the minor trans-isomer. 

The following alternative approach to 1 was undertaken as we were keen lo avoid yield limtting protection­

deprotection operations. n,e allyl alcohol 6 we had been using so far was prepared in 4-steps from 1,3-
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difluorobenzene. 6 In this manner synthesis of the olefinic acid 7 used above required a total of 6-steps. We were able 

to synthesize 7 in two simple steps by Friedel-Crafts reaction of m-dijluorobenzene with succinic anhydride to provide 

the crystalline keto acid 18, m.p. 11 o0c in over 90% yield. Wittig reaction of 18 in tetrahydrofuran with two equivalents 

of methylene triphenyl phosphorane then gave the olefinic acid 7 in -60% yield over 2 steps. 

The (R)-phenylalaninol derived chiral imide Sb was produced in 90% yield by activation of 7 with pivaloyl 

chloride followed by in-situ reaction of the resulting anhydride with the Li-salt of (4R)-(+)-4-benzyl-2•oxazolidinone.5 

Diastereofacially selective hydroxymethyla!ion of Sb was best carried out with sym-trioxane using titanium enolate 

chemistry 12 to provide the aldol product 19 in -60% yield. 16 The direct iodocyclization ol 19 at room temperature with a 

high degree of diastereoselectivity in favor of the desired cis-iodo imide 20 (cis:trans.->90:10; 90% yield) is 

notewonhy. 17 In contrast iodocyclization of 3a or 10 type substrates required lower temperatures (0-5°C) to achieve 

the same degree of diastereoselectivily. Lithium borohydride reduction of 20 under controlled conditions followed by 

chromatography provided the cis-iodoalcohol 21 18 and recovered (4R)-benzyl-2-oxazolidinone in ~90% and 71% yields 

respectively. As we have noted earlier, displacement of iodine in a neopentyl-like system by the highly nucleophilic 

triazolyl anion posed no problems.2 HydroK)'I protection used in our earlier study, proved unnecessary. Indeed direct 

displacement of iodine in 21 with sodium•triazole according lo conditions described eartier,2 provided the alcohol 22 in 

75% yield; tosylation then efficiently provided the (·)·(2R)-cis-tosylate 1, thus saving two steps. (Scheme II) 

a 
+ 

0 

M
H_,, . ....._OR 
4 

0 

F X 

2.1 R:::: H; X:::: I ::J g 
22 R = H; X = 1-N-trlazolyl--, h 
1 R = Ts; X = 1-N-triazolyl--' 

Ph 

~:? 
F 

C 

.m 
SCHEME II 

Reagents: (a) Friedel-Craft: {b) Ph3P=CH2 (2 equiv.). THF: (c) pivaloyt chlollde activation ol 6, oxazolidinone Li-salt. 

THF, -rs0c: (d) 18, CH2Cl2. TiCI,, o0c. then s-Trioxane. o0c: {e) 12, MeCN, pyridine, o-sOC: (I) LiBH,, THF, -7e0c to 

R.T., 2h; (g) Na·triazole, DMF, DMPU, HJ()oC, 24 h; (h) TsCI, pyridine. 

Notably, no protecting groups were required throughout this entire sequence. This concise new route lo 1 offers 

excellent opportunily for large scale operations. These examples further enhance !he scope of Evans' imide enolates 

as well as the unprecedented 2,4-diastereoselective halocyctizations2 reported recently. 

Based on its superior efficacy and pharmacokinetic profile, Sch 56592 is in Phase I clinical trials at the present 

time. 1, 19 We shall report on additional examples of diastereoselective bond constructions with chiral imides of the type 

Sa and Sb in future communications. Further chemistry relating to Seh 56592 and structure-activity relationships in this 

series of novel orally active broad-spectrum antifungals will also be reported elsewhere. 
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o0 c iodine ( 1. 78 g) was added allowing the reaction mixture to warm to room temperature. Aller -20 h the reaction was 
quenched with dilute aq. sod sullite and extracted with Et2O (2 x 20 ml): the ether extract was dried over MgS04 and 
concentrated to dryness in vacuo to provide a residue. Chromatography over silica gel using 50-75¾ EtOAc in hexane as 
eluent gave pure iodo-imide 20 (1.2 g). MS= 528 (M+H)•. 1HNMR [CDCl3j 6 2.61 - 2.95 ( m, 3H), 3.28 ( dd, J = 34 Hz. 
13.3 Hz. 1H). 3.79 ( AB quanet. J = 16.7 Hz. 2H), 4.05 - 4.33 ( m, 5H). 4.65 - 4.76 ( m. 1H). 6.75 - 7.51 ( m, SH). 
Procedure: The iodo-imide 20 {0.9 g) from above was dissolved in THF end the solution cooled to .79oc. A 2M LiBH4 
solution in THF (0.85 ml) was then added wilh stirring while warming to room temperature. Alter stirring at room lemperature 
for 2 h. lhe reaclion mixture was cooled to -10°c and quenched wijh saturated NH4CI. Evaporalion ot THF in vacuo followed 

by extractive isolation with CH2Cl2 gave 1he iodo alcohol 21 (0.45 g). Its acetate was identical to the authenlic material. 2 
35th lnterscience Conference on Ant,mir:robial Agents and Chemorherapy / ICAAC }. San Francisco. 11-20 Septemberl/J95 
(abslrac1 nos. F 61, F 62, F53. F 64, F 65. F 66, F 67, F 68, and F 83) 

(Received in USA 24 April 1996; revised 11 Jum 1996: acce11ied 12 June 1996} 
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Abstract-A novel application of Pd0-catalyzed arylation to mono N-arylated piperazines, its mechanism, and its application 
towards the novel syntheses of the key differentially N,N'-diarylated piperazine antifungal intermediate N-(4-hydroxyphenyl)-N'­
(4-aminophenyl)piperazine 5 as well as posaconazole l are described. © 2002 Elsevier Science Ltd. All rights reserved. 

Mono and diarylated piperazines are key moieties of a 
variety of biologically active compounds such as Neu­
ropeptide Y antagonists, G-Protein-coupled receptor 
ligands, cholesterol ester transfer protein inhibitors, 
5-HTID receptor agonists GPIIb/IIIa antagonist, sero­
tonin-3 antagonists, and orally active broad-spectrum 
triazole antifungals (]-4), the compounds of interest for 
the current manuscript. 1- 7 These triazole antifungals 
such as Sch 51048, Sch 56592, itraconazole, and 
hydroxyitraconazole3 utilize an unsymmetrically N,N'­
diarylated piperazine moiety 5. 

HO-o-N=N-o-NH2 
5: Common antifungal intermediate 

Typical synthetic routes 1
-6 to these differentially N,N'­

diaryl substituted piperazines encompass the reaction of 
anilines to the mono N-aryl piperazines (via carcino­
genic intermediates under high pressure and/or temper­
ature and specialized catalyst conditions) which are 
then reacted with appropriate arylhalides. Alternately 
these differentially substituted piperazines are made by 
reacting electron withdrawing groups containing aryl­
halides either with a large excess of piperazine under 
harsh reaction conditions or with mono-N protected 
piperazine, usually as a carbamate, to avoid a mixture 
of mono-, di-, and unsubstituted piperazines which 
require chromatographic purifications.7

·8 Our interest 

* Corresponding author. 

has been in seeking a mild, selective method for mono­
N-arylation of piperazine which could be utilized for 
preparation of 5. 

In previous publications1
•2 we described a direct sequen­

tial N-arylation of piperazine nitrogens for the prepara­
tion of the common antifungal intermediate 5. There it 
was shown that the reaction of equimolar amounts of 
electron deficient arylhalides with piperazine, without 
the use of catalyst, led to the mono N-arylated piperazi­
nes which were then converted to the differentially 
N,N' -diary! substituted piperazines. Electron rich aro­
matic halides do not react with piperazine under these 
conditions. Thus, towards the synthesis of antifungal 
intermediate 5 we reported that the reaction of piper­
azine 7 with p-chloro or bromonitrobenzene 6 led to 
the mono arylated piperazine 8 (Scheme 1 ), which 
reacted with boronic acid derivative 10 to generate 11. 

Interestingly, under standard Pd0 coupling 
conditions9 ·JO 8 reacted very slowly with p-bromoan­
isole 9 as after 3 days it led to 58% isolated yield of 11. 
Compound 11 produced via either of the above reac­
tions were indistinguishable from the one obtained via 
alternate synthesis and could be converted to the 
desired compound 5 as'shown in Scheme l. For a large 
scale preparation of 5, the use of 9 is more desirable 
compared to the use of 10. 11 The slow arylation of 
piperazine 9 with 8 was intriguing. Very little informa­
tion is available in the literature pertaining to Pd0-cata­
lyzed N-arylation of piperazine. 12 In view of novel and 
useful results obtained in our laboratory on piperazine 

0040-4039/02/$ - see front matter © 2002 Elsevier Science Ltd. All rights reserved. 
Pl!: S0040-4039(02 )00556-7 
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6 78r-OOM/ \:0)2B-0-0Me 
9 10 

Pd0
, ref. 13 Cu(OAc)i/DMSO 

HBr 
5 -- -Ref. 1 

01N-o-N=>-o-OMe 
Scheme 1. Reactivity of N-p-nitrophenyl piperazine. 

N-arylation with electron deficient aromatic halides,1.2 
we decided to investigate Pd0-catalyzed piperazine N­
arylation with non electron deficient aromatic halides in 
general. This work has led us to the discovery that 
almost equimolar amounts of non-electron deficient 
arylhalides and piperazine react in the presence of a Pd0 

catalyst to produce only mono N-arylated piperazines. 
This finding has been applied to the preparation of the 
common antifungal intermediate 5 as well as to 
posaconazole, l, and are described in this manuscript. 

The results of piperazine mono N-arylation with Pd0 

catalysis (experimental conditions derived from Ref. 9 
are described in Ref. 13) are shown in Table l. In 
general the stronger the electron donating group on the 
arylhalide, the higher the piperazine N-arylation yield. 
A steric hindrance played a role {entries 4 and 5) in 
lowering yields. Most importantly for our work, com­
pound 9 and 15 reacted with piperazine to produce 
intermediates that were suitable for the preparation of 
5. 

Preliminary laboratory work undertaken to understand 
factors that govern Pd0-catalyzed piperazine mono N­
arylation is detailed below. The use of racemic Binap in 
place of chiral one during the formation of 18 did not 
alter the outcome of the reaction ruling out any facial 
selectivity imparted by the catalyst. Solubility of 9, 
11-15 and mono N-aryl piperazines 16-21 in toluene, 
the use of several lots of reagents, ligands, as well as 
catalyst eliminated the possibility that the selectivity 

Table 1. Pd0-catalyzed piperazine mono N-arylation 

Ro- 1' Pd0 Ro-r--•' Br+ HN NH ;- N NH 
- \_I - \_/ 

9, 11-15 7 16-21 

# R Product/% yield Reaction time (h) 

I H (II) 164/42 24 
2 4-CHi (12) 17/69 48 
3 4-0CHi (9) 18/82 24 
4 2-CHi (13) 19/35 48 
5 2-0CH 3 (14) 20/10 96 
6 4-0CH 2Ph (15) 21/80 314 

II 

was imparted by insolubility or specific set of reagents. 
Isolated 18 subjected to the reaction conditions with 
fresh reagents and the catalyst essentially resulted in a 
recovery of 18. While this mechanism remained under 
investigation, we applied the above finding to the syn­
theses of 5 as detailed below. 

As shown in Scheme 2, arylhalide 6 was reacted with 18 
using conditions described previously for N-arylation 
of piperazine with electron deficient aryl halides 1 to 
obtain compound 11 indistinguishable from the one 
made via alternate routes shown in Scheme 1. Note that 
the one-pot, two-step conversion, i.e. Pd0 coupling to 
crude 18 followed by its reaction with 6, without acid 
base work up, can be carried out in one pot to obtain 
75% isolated yield of 11. The residual reagents and 
byproducts form Pd0 coupling reaction did not interfere 
with the conversion of 18 to 11 and the removal of one 
acid-base work up minimized the loss of mass resulting 
in an improved yield. Compound 11 was then con­
verted to the desired antifungal intennediate 5 via 
demethylation followed by hydrogenation. All yields 
reported in this manuscript are upoptimized. In this 
preparation of 5, demethylation requires an excess of 
refluxing aqueous HBr for a prolonged period (24+ h) 
of time. The isolation of nitrophenol 22 from HBr 
requires a pH control, it is labor intensive, and moder­
ate yielding (75-80%). 

Changing the reaction order, i.e. hydrogenation pnor 
to demethylation encountered difficulties as well. 
Although insolubility of 11 in many solvents slowed 
down the reduction, the main problems resided in the 
fact that the resultant aniline intermediate formed a 
HBr salt with aq. HBr. Thus, yet larger excess of HBr 
and much longer (2+ days) refluxing time was needed 
for the demethylation reaction. These difficulties were 
overcome by the use of benzyloxy group in place of 
methoxy group (Scheme 3). Benzyloxy derivative 23 is 
more soluble compared to 11, and its deprotection does 
not require harsh HBr treatment. The reaction of piper­
azine with 15 in the presence of Pd0 catalyst resulted in 
mono N -arylated piperazine 21. The use of larger 
amount of the catalyst allowed for improved yield of 21 
with short reaction time. Compound 21 readily reacted 
with the arylhalide 6 under the conditions described 
previously! to form 23. Compound 23 was then con-
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7 + 
Pd

0
, ref. JO -0- 1' 6 

9 - MeO ~ /J N NH -- 11 
acid, base '--' K2CO_1 

HBr 

work up, 18 [TBA!] 
82% 

DMSO, Ii 

77% 

Scheme 2. Preparation of 5 via Pd0-catalyzed mono-N-arylation of piperazine. 

15 + 7 
Pd0 

acid-base 
work up 
80% 21 

88% 6 I K2CO), [TBA!] 

tDMSO,/i 

Con itions: 

1. Pd/C diy, cyclohexadiene, EtOH, reflux, 24h, 8 I%. 

2. Pd/C wet, NH4HC02, MeOH, EtOAc, reflux. l2h, 80%. 

3. Pd/C wet. THF, H1• 80 PSI, 70 °C, 40h, 94%. 

4 P 0 

15 I. Pdo 7 BnO-Q-N"N-O-N02 Condition4 BnO-Q-N"N-O-NH2 

2. K2CO,, [TBA!] \__/ \.._/ 

DMSO,/i 
6 

D M 

~dition~ 78% 

5 

Scheme 3. A short, convenient synthesis of antifungal intermediate 5. 

verted to 5 via one of the several conditions depicted in 
the scheme. Further work towards streamlining the 
preparation of 5 showed that the isolation of 21 was 
unnecessary towards the preparation of 23 as 21, pre­
pared in situ, readily reacted with 6 to form 23. 
Improved yield for one-pot preparation reflects the loss 
of 21 during the acid base workup. This two-pot syn­
thesis (15 to 23 to 5) via the transfer hydrogenation 
(eliminating pressure reactor) is the most large scale 
amenable preparation of 5 reported to date. Note that 
the aniline 24 could be isolated, if needed, by using the 
milder hydrogenation conditions. Compound 24, upon 
further hydrogenation as shown in conditions l-3 could 
be converted to 5. 

Next we investigated the application of the above meth­
ods to the preparation of the azole antifungal 
posaconazole 1. The known3

--0 disconnections for the 
synthesis of the above azole antifungals are shown in 
Fig. I. In the case of Sch S l 048 and Sch 56592 the 
chiral tetrahydrofuran moiety was appended to the 
di-arylated piperazine containing the N,N'-substituted 
urea entity. This was then cyclized to the hydroxy 
protected triazolone, i.e. O-benzyl 1.4

•
6 For itracona­

zole, the original synthesis consisted of reacting the 
preformed triazolone containing piperazine to the 
dichlorophenyl dioxolane azole. This was then sub­
jected to triazolone-N-alkylation to the desired 
product. 3 Sepracor has recently used Pd0 catalysis to 
append the preformed haloaryl triazolone to the mono­
N-substituted piperazine as shown in Fig. l.5 We recog­
nized that the piperazine mono-N-arylation findings 
offered an alternate, novel convergent approach (Fig. 2) 
for the preparation of l similar to the one used above 
for the preparation of differentially-N,N' -diarylated 
piperazine 5. Furthermore, this chemistry may be appli­
cable to the preparation of a variety of bioactive classes 
of N,N'-substituted piperazines and to important piper­
azines for combinatorial library work. 1- 7 

Initial work towards the preparation of antifungal 1 
(Scheme 4) led to the following findings. The prepara­
tion of the arylhalide 27 from sulfonate 25 (available to 
us6

) progressed well. Next, the Pd0-catalyzed reaction 
between arylhalide 27 and 7 under above described 
conditions resulted in only the mono-N-aryl piperazine 
28 albeit in small amount ( ~ 5°/i, yield with 0.5 mol¾ 
catalyst). On the other the reaction of triazolone 29 15 

with 7 under previously described reaction conditions1 

led to degradation of 29 instead of the formation of 30. 

_,,' Ref. 5-.,, 
' , . 0 
' jJ'___;=\_ /\ '---F\_ Jl :)-

Clwl o-fi-O~N\.__/N~N'= )'I·! R' 
~ _)' ~. 
Cl O 3: ltraconazole, R' = H t-~ 4: Hydroxyitraconazole, R' = OH 

N 

Figure l. The antifungals and their synthetic disconnections. 

' ' 0 

-0, r-\ ·o- )l ~ FWJ···•-O :·N N·: ~ ;; N _N 
~ I : \_/ : '=N OH 

. I 
F ~ 0 ' ' \ -o· r-\ ·o-N-N HO f/ ~ :-N N: f/ ~ NH2 I,,_' - ' \_/ ' -~N I I s 

Fij!;ure 2. New disconnection for the synthesis of l, and 5. 
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' ' 
29 

: DMSO, K2C03,A 
/'""""\ 

HN NH 7 
'--' 

' 

HN/\N-o-)(N~ _________ :'. _______ ~ 
\._/ ~ /; '=N OBn Pd 0 , Ref. 9,13 

30 

Scheme 4. Synthesis of antifungal 1 via piperazine mono-N-arylations methods. 

Thus, the outcomes of the initial efforts for both the 
Pd0-catalyzed as the non-catalyzed piperazine mono 
N -arylation towards the preparation of t were 
discouraging. 

In view of the above mono-N-arylation of piperazine 
with non-electron deficient aromatic halide, and in view 
of Pd0-catalyzed amination of arylhalides in general, 12 

the low yield for the reaction between 7 and 27 was 
intriguing. Good solubility of 7 and 27 in toluene, the 
use of several lots of reagents, ligands, as well as the 
catalyst eliminated the possibility that the low yield was 
imparted by specific set of reagents. Increasing the 
catalyst amount to 2 mo!% led to ~ 20% solution yield 
of 9 suggesting a catalyst poisoning in this reaction. 

This prompted us to further investigate Pd0-catalyzed 
arylation of piperazine. Due to simplicity of the sub­
strates the reaction between 9 and 7 to form 18 (Scheme 
5) was chosen as a model reaction to study the above 
mechanism with NMR. In one set of experiments the 
mixture of 18 and the catalyst (prepared as described 
previously)9

-
13 was first subjected to the reaction condi­

tions (80°C, toluene). The use of this pretreated catalyst 
for reaction between fresh 7 and 9 led to no additional 
product 18. This suggested a catalyst deactivation dur­
ing pretreatment with 18. This deactivation can be 
either due to chelation of the catalyst with 18 or due to 
catalyst poisoning by non-specific binding. 1H and 31 P 
NM R probing of this reaction showed that the fom,a­
tion of the catalyst progressed as reported previously. 16 

When this catalyst was treated with 18 and wanned, 31 P 
NMR signals for the catalytic species significantly 
decreased and ' 1P NMR signals for the BINAP 
increased correspondingly. The catalyst by itself did not 
generate BIINAP 31 P NMR signals upon heating. Thus, 
under the reaction conditions, mono N-arylpiperazine 
18 appears to compete with BINAP for Pdi(dbah or 
displace BINAP from the catalytic spices interfering 
with the catalytic cycle.9•16 This NMR study suggests 
that mono N-aryl piperazines displace BINAP from the 
catalytic species there by preventing its diarylation. 
Finally comparative rate/extent of catalyst deactivation 
by product compared to the rate of piperazine N-aryla­
tion govern the extent of mono N-arylation reaction. 

Although additional studies are needed to fully under­
stand this mechanism, the above study generated suffi­
cient information for us to complete the novel synthesis 
of 1. 

Based on the above observations, the strategy for the 
synthesis of 1 was revised (Scheme 6). First triazolone 
29 was reacted with 7 under Pd0-catalyzed conditions to 
produce compound 30 in 88% isolated yield. 17 This may 
be due to the possibility that product 30 of this reaction 
forms faster than the catalyst deactivation. Coupling of 
30, with 27 to form 31 was then accomplished also via 
Pd0 catalysis. This reaction was slower compared to the 
preparation of 30. 18 Alternately, a one-pot coupling of 
piperazine with 29 followed by the reaction of 30 with 
27 can be achieved in a reasonable time (I day) with a 
fresh does of catalyst added to the reaction mixture 
after the formation of 30. The product profile was less 
clean in the latter case. Compound 31 was debenzylated 
via the known transfer hydrogenation procedure6 to 
obtain posaconazole 1, identical to the one obtained via 
the previous route.6 

In summary, a Pd0-catalyzed method for the mono 
N-arylation of piperazine from commercially available 
inexpensive raw materials without the use of protecting 
groups, high pressure/temperature equipment, or chro­
matographic purification has been discovered. This 
method has been applied to a short, convenient prepa­
ration of the key differentially N,N' -diary] substituted 
piperazine antifungal intermediate. After a limited 
mechanistic investigation, this mono-N-arylation 
finding has been used to develop a novel synthesis of 
the antifungal posaconazole. The Pd0 catalysis method 
complements our recently published direct, mono N -
arylation of piperazine with arylhalides containing elec­
tron withdrawing groups. 

9 7 18 

Scheme 5. Model reaction for mechanism study via NMR. 
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s,--Q-)l~J 
'=N ~OBn 

29 

Pd2(dba)3, BINAP 
1BuONa, PhCH3 
80°C, 12h 

27 
51 %, isolated, 
unoptimized 

,......._ 
HN NH 7 

\._J 

Pdi(dba)J, BlNAP 
1BuONa, PhCH3 
80 °C, 3h 

88% 

o{ I\ - ),__ 
HN N-ON ~ 

'--1 ~ '=N OBn 

30 

1) Pd/C 
HCOOH 

1 

Scheme 6. Novel synthesis of 1 via Pd0-catalyzed piperazine mono-N-arylation. 
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Saperconazole (R 66905) is a broad-spectrum antifungal triazole with potent in vitro activity against 
Aspergillus spp. A totaJ of 279 strains were tested in brain heart infusion broth. Development of the Aspergillus 
spp. was completely inhibited atO.l and l µ.g of saperconazole per ml for 80.3 and 99.6% of the strains, 
respectively. Normal and immunocompromised guinea pigs were ~ected intravenously with Aspergillus 
fumigatus and treated orally, intravenously, or intraperitoneally with saperconazole or intraperitoneally with 
amphotericin B. Leukopenia, neutropenia, lymphocytosls, and ~onoeytosls were obtained with mechlore­
thamine hydrochloride; leukopenia, · oeutropbllia, and lymphopenia were obtained· with cyclophosphamlde. 
Saperconazole was dissolved for oral treatment in polyethylene glycol and for parenteral treatment in 
cyclodextrim. Amphotericin B was given parenterally as Fungizone (E. R. Squibb & Sons). Treatment was 
given once dally for 14 days. Ao early starting treatment was ellicacious, but the activity or sapercomazole was 
maintained even when the onset of the treatment was delayed to the moribund state. The activity or 
saperconazole was· not altered · in . immunooompromised animals. Saperconazole was clearly superior to 
ampboteridn B and free or side effects. The oral and parenteral formulations of saperconazole were equipotent. 
The systemic activity of saperconazole in guinea pigs was confirmed In invasive aspergillosis In pigeons. 

Infections with various Aspergillus spp. become more and 
more common, especially in predisposed and exposed hu­
mans and animals. Fungi of this genus are widespread in the 
environment. Aspergillus fumigatus is considered to be the 
most important pathogenic species and is responsible for 
various invasive and chronic diseases (19). 

The introduction of the broad-spectrum triazole itracona­
zole, the first antifungal agent orally and parenterally active 
in aspergillosis, constituted a marked progress in the thera­
peutic armament (5, 18). Itraconazole can be favorably 
compared with parenteral amphotericin B (10, 11, 15, 16). In 
this paper we report the in vitro and in vivo activity of the 
new broad-spectrum triazole saperconazole. 

(Portions of these results have been published previously 
[J. Van Cutsem and P. A. J. Janssen, 10th Congr. 
I.S.H.A.M., Rev. Iber. Micol. 5:Sl, 02, 11, 1988; J. Van 
Cutsem and P.A. J. Janssen, Program Abstr. 28th Intersci. 
Conf. Antimicrob. Agents Chemother., abstr. no. 65, 1988].) 

MATERIALS AND METHODS 

Chemistry. Saperconazole is a lipophilic fluorinated triaz­
ole that is poorly soluble in water (J. Heeres, L. J. J. Backx, 
L. J. E. Van der Veken, and J. Van Cutsem, submitted for 
publication). The chemical structure of R 66905 (saper­
conazole) is given in Fig. 1. Its formula is as follows: 
C35H38F2N80 4 or cis-[4-[4-[4-[4-[(2,4-difluorophenyl)-2-(lH-
1,2,4-triazol-l-ylmethyl)-1,3-dioxolan-4-yl]methoxy]phe­
nyl] -1-piperazinyl]phenyl] -2,4-dihydro-2-(1-methylpropyl)-
3H-1,2,4-triazol-3-one. Its molecular weight is 673. 

In vitro experiments. A total of 279 Aspergillus isolates 
were tested in vitro; 221 of these were A. fumigatus. All 
isolates were identified by conventional methods. The large 
majority of these fungi were fresh isolates from a wide 

* Corresponding author. 
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variety of pathologies in humans and animals as follows: for 
A. fumigatus., 95 from humans and 104 from animals; for A. 
niger, 4 from humans and 7 from animals; for A. flavus, 3 
from humans and 8 from animals; for A. terreus, 2 from 
humans; for A. /lavipes, 2 from humans. All others were 
laboratory strains or isolated from the environment or not 
specified. Saperconazole was dissolved in dimethyl sulfox­
ide (DMSO) and diluted by serial decimal amounts ranging 
from 100 to 0.001 µ.g/ml in brain heart infusion broth. The 
inoculum consisted of a standardized 4-mm2 culture block 
containing hyphae and spores for tubes with 5 ml of medium 
supplemented with drug solution or with solvent. Cultures 
were incubated at 25°C for 2 weeks: initial readings took 
place after 1 week, and final scoring was done after 2 weeks. 
The fungal development was graded from O to 4 as follows: 
0, no visible growth; 4, growth equivalent to that of the 
controls; 1, 2, and 3, 25, 50 and 75% of control growth, 
respectively. In Table 1, only the decimal concentration that 
completely inhibited fungal growth for 14 days is reported. 

In vivo experiments. (I) Guinea pigs. Male immunocompe­
tent (normal) or immunocompromised Albino guinea pigs 
weighing 500 g (±50 g) (Pirbright strain) were infected 
intravenously (i. v .) with 25,000 CFU of A.fumigatus B19119 
per g of body weight. This strain, isolated from lung as• 
pergillosis of a pigeon, needed 1 µg of saperconazole per ml 
for complete in vitro growth inhibition. All guinea pigs were 
maintained in individual · cages and received water and 
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TABLE 1. Antifungal activity in vitro0 of saperconazole 
against Aspergil/us spp. 

Fungal species 
(no. of strains) 

A. fumigatus (221) 
A. niger (19) 
A. nidulans (8) 
A. fiavus (15) 
A. versicolor (1) 
A. amstelodami (2) 
A. restrictus (1) 
A. penicilloides (1) 
A. candidus (1) 
A. rerreus (3) 
A. fiavipes (2) 
Other Aspergi/lus species (5) 

No. of strains completely inhibited 
at the foUowing concn (µ.g/ml): 

O.ol 0.1 

187 
5 
7 

10 
1 
1 
1 
1 
l 

·2 
2 
5 

34 
13 

s 

10 

1 

• Complete absence of fungal development after 14 days of incubation at 
2S"C in brain heart infusion broth. 

nonmedicated feed ad libitum. Intraperitoneal (i.p.) admin­
istration of 0.25 mg of mechlorethamine hydrochloride per 
kg on days 5 and 4 before infection resulted in leukopenia, 
neutropenia, lymphocytosis, and monocytosis, persisting for 
the whole experimental period (28 days) (13; J. Van Cutsem 

ANTIMICROB. AGENTS CHEMOTIIER. 

and P. A. J. Janssen, Proc. Vlth Mediterr. Congr. Chemo­
ther., 1988, in press). To induce more pronounced immuno­
depression, a series of guinea pigs received six doses of 
mechlorethamine hydrochloride. Four doses of 10 or 20 mg 
of cyclophosphamide per kg were administered to other 
groups of guinea pigs; in these animals pronounced leuko­
penia, neutrophllia, and lymphopenia were obtained (13). 

The animals were treated orally with saperconazole, keto­
conazole, or fluconazole dissolved in .polyethylene glycol 
200 (PEG 200). The treatment was given once daily for 14 
consecutive days, starting on the day of infection or on day 
1, 2, 3, or 4 after infection. Saperconazole, dissolved in 
dimethyl-!3-cyclodextrin and in hydroxypropyl-!3-cyclodex­
trin was also administered i.p. and i.v. As a reference drug, 
amphotericin B was administered i.p. as the pharmaceutical 
preparation for clinical use (Fungizone; Squibb). The highest 
dosage of amphotericin B that could be used in guinea pigs 
without mortality was 5 mg/kg of body weight. In all exper­
iments the drugs were administered on the basis of milli­
grams per kilogram of body weight. 

The activity evaluation was based on behavior, weight 
loss or gain, survival, lesions at necropsy, histology, and 
cultures of nine organs of all animals. The selected organs 
for culture investigations were lungs, liver, left kidney, 
spleen, brain, left eye, skin of the back, peritoneum, and 

TABLE 2. Treatment of systemic aspergillosis in normal guinea pigs, starting on the day of infection• 

Antifungal agent Animals Mean survival % of negative pb 
Route (mg/kg) Total no. % Survivors in days organs Survivors N cgative organs 

Untreated Oral 40 0 5.5 1.4 

Excipient (PEG 200) Oral 138 0 5.4 1.3 

Ketoconazole 
10 Oral 18 0 5.9 6.5 
20 Oral 24 29 12.4 20.2 
40 Oral 24 42 16.3 22.5 
42.9" 172.8 

Fluconazole 
10 Oral 12 0 6.9 1.2 
20 Oral 12 0 7.2 3 
40 Oral 12 25 13.9 17 
45.6' 96.5 

Saperconazole 
0.31 Oral 20 0 7.3 5.6 
0.63 Oral 46 33 14.4 25.8 s0.001 so.001 
1.25 Oral 74 80 24.6 86.7 s0.001 s0.001 
2.5 Oral 28 96 27.8 96.8 s0.001 s0.001 
5 Oral 12 100 >28d 100 NS s0.001 

10 Oral 4 100 >28 100 
0.82< 0.79 

Excipient (saline) i.p. 30 0 5.7 1.2 

Amphotericin B 
0.63 i.p. 12 0 6.6 2.5 
1.25 i.p. 18 17 10.4 11.4 
2.5 i.p. 36 39 15.8 29.8 
s i.p. 24 67 21 68.5 
3.28' 3.58 

• Once-daily treatment for 14 consecutive days. 
• Statistics: chi-square test (two-tailed probability), saperconazole versus amphotericin B on the basis of milligrams per kilogram. NS, Not significant. 
"ED..,. 
d Surviving animals were sacrificed on day 28. 
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TABLE 3. Therapeutic treatment of systemic aspergillosis in normal guinea pigs, starting 1 day after infection° 

Antifungal a.gent Animals Mean survival % of negative· P" 
Route (mg/kg) Total no. % Survivors in days organs Survivors Negative organs 

PEG 200. 
Excipient Oral 78 0 5.S 2.1 
Saperconazole 

0.63 Oral 24 54.2 17.8 36.6 NS NS 
1.25 Oral 36 72 22.6 63.6 s0.05 :s0.001 
2.5 . Oral 36 100 >28' 91.4 s0.001 :s0.001 
5 Oral 30 100 >28 96.7 s0.001 :S0.001 

10 Oral 4 100 >28 100 
0.67d 0.87 

Dimethyl-!3-cyclodextrin 
Excipient i.p. 12 0 5.1 1.9 
Saperconazole 

1.25 i.p. 12 58 20.5 55.2 NS :s0.001 
5 i.p. 12 92 26.8 93.8 s0.05 :s0.001 

Excipient i.v. 12 0 5 1.1 
Saperconazole 

1.25 i.v. 12 67 21.3 61.5 NS :S0.001 
s i.v. 12 100 >28 99 :s0.05 :s0.001 

Hydroxypropyl-!3-cyclodextrin 
Excipient i.p. 12 0 5.9 1.9 
Saperconazole 

.0.31 i.p. 6 50 17.7 46.3 
0.63 i.p. 6 50 19.5 66.7 NS :s0.001 
1.25 i.p. 12 83 24.3 74.8 s0.05 :s0.001 
2.5 i.p. 6 100 >28 92.6 s0.05 :s0.001 
5 i.p. 6 100 >28 96.3 NS :s0.001 
0.42c 0.37 

Excipient (saline) i.p. 12 0 5.6 1.7 

Amphotericin B 
0.63 i.p. 12 25 11.7 25.6 
1.25 i.p. 12 33 12.9 28.7 
2.5 i.p. 24 33 13.9 25.4 
5 i.p. 18 50 18.5 61 
6.82' 5.04 

• Once-daily treatment for 14 consecutive days. . 
• Statistics: chi-square test (two-tailed probability), various saperconazole treatment schedules versus amphotericin Bon the basis of milligrams per kilogram. 

NS, Not significant. 
' Surviving animals were sacrificed on day 28. 
4 EDso• 

thigh muscle. All survivors were sacrificed 28 days after 
infection, and cultures were made from the same organs. 

(ii) Pigeons. Pigeons (Columba livia) with a mean weight of 
400 g (±30 g) were infected i.v. in a wing vein with 7,800 
CFU of A. fumigatus B19119 per g of body weight. Saper­
conazole dissolved in PEG 200 was administered by gavage 
at 0, 2.5, 5, or 10 mg/kg starting on the day of infection and 
continued once daily for 14 consecutive days. For the 
activity evaluation, the same parameters as for infection in 
guinea pigs were used, except for cultures; five organs were 
studied (lungs, air sacs, liver, spleen, left kidney). The total 
duration of the experiment was 28 days. 

Statistics. The mean effective doses (ED505) were calcu­
lated for the amount of drug needed for survival and for 
negativation of organs by probit analysis of ED50 by the 
method of Finney. The efficacy was analyzed by the chi­
square test (two-tailed probability). · 

RESULTS 

In vitro results. The in vitro antifungal activity of saper­
conazole against Aspergillus spp. is given in Table 1. The 

antifungal activity of saperconazole was complete at 1 µ.g/ml 
for all but one strain of A. niger. Eighty percent of all strains 
showed complete absence of growth at O .1 µ.g/ml (85% for A. 
fumigatus), and this result persisted during the 14 days of the 
test. 

In vivo results. (I) Guinea pigs. All infected, untreated, or 
excipient-treated normal or immunocompromised guinea 
pigs died in the various experiments within a mean of 4.7 to 
5.9 days (range, 4 to 8 days), with invasion of94 to 100% of 
all investigated organs. Animals became sick from day 3 on, 
and the majority were moribund 4 days after infection. 
Weight loss in the infected untreated and excipient-treated 
animals varied between 30 and 45% of the initial weight. 
Macroscopic necrotic foci were present in various organs, 
e.g., kidneys, spleen, liver, and lungs. Histological exami­
nation demonstrated severe invasion by the fungus, espe­
cially in the kidney, spleen, liver, lung, thigh muscle, peri­
toneum, and brain. A large number of fungal elements were 
also present in the eye and the skin samples. Normal guinea 
pigs treated orally or parenterally from the day of infection 
on (Table 2) responded partially (longer survival in days; 
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TABLE 4. Oral therapeutic treatment of systemic aspergillosis 
with saperconazole in normal guinea pigs starting 

Sapen:onazole 
(mg/kg) 

in PEG 200 

Excipient 
1.25 
2.5 
5 

10 
1.38d 

2 days after infection• 

Animals 

Total % Survi• 
no. vors 

12 0 
12 25 
12 100 
6 100 
6 100 

Mean % of 
survival negative 
in days organs 

4.8 0 
12.8 31.5 

>28' 97.2 
>28 90.2 
>28 98.1 

1.44 

• Oral treatment onc:e daily for 14 consecutive days. 

Survi- Negative 
vors organs 

NS :s0.001 
:s0.001 :s0.001 
:s0.001 :s0.001 
:s0.001 :50.001 

• Statistics: chi-square test (two-tailed-probability), saperconazole versus 
excipicnt on the basis of milligrams per kilogram. NS, Not significant. 

' Surviving animals were sacrificed on day 28. 
d ED50. 

some animals survived) at doses of 20 mg of ketoconazo!e, 
40 mg of fluconazole, 1.25 mg of amphotericin B, and 0.63 
mg of saperconazo!e per kg. An oral dose of 1.25 mg of 
saperconazole per kg resulted in higher cure rates than 2.5 or 
5 mg of amphotericin B per kg. When the onset of the 
treatment was delayed for 24 h (Table 3), the therapeutic 
results obtained with orally administered saperconazo!e or 
i.p. amphotericin B were not different from those obtained 
with a treatment starting on the day of infection. Excellent 
results were also obtained with saperconazole administered 
i.p. or i.v., dissolved in dimethyl-~•cyclodextrin; results 
were not different from those after oral treatment. Oral 
therapeutic treatment with saperconazole of immunocompe­
tent guinea pigs infected with A. fumigatus starting 2 or 3 
days after infection (Tables 4 and 5) was also highly effica­
cious. In guinea pigs immunocompromised with mechlore­
thamine hydrochloride (Table 6), the oral treatment starting 
the day of infection or 1, 2, 3, or 4 days after infection, when 
the guinea pigs were very sick and 67% were moribund, was 
successful. Repeated predisposing treatment with six doses 
of mechlorethamine hydrochloride was unable to alter the 
antiaspergil!ar activity of saperconazole. Parenteral treat­
ment of aspergillosis in immunocompromised guinea pigs by 
saperconazole dissolved in dimethyl-~cyclodextrin or in 
hydroxypropyl-f:1-cyclodextrin was highly efficacious, and 
the results were largely superior to those obtained with 
amphotericin B (Table 7). Guinea pigs infected with As­
pergillus spp. and receiving four doses of cyclophosphamide 
administered at 10 or 20 mg/kg (Table 8) responded as well as 

TABLE 5. Oral therapeutic treatment of systemic aspergillosis 
with saperconazole in normal guinea pigs starting 

Saperconazole 
(i:ng/lqi) 

in PEG 200 

Excipient 
2.5 
5 

10 
4.2' 

3 days after infection° 

Animals 

Total % Survi-
no. vors 

12 0 
6 0 

12 83 
18 83 

Mean 
survival 
in days 

5.1 
9.8 

24.0 
24.4 

%of 
negative 
organs 

0 
24.l 
74.1 
77.8 

3.6 

• Oral treatment, once daily for 14 consecutive days. 

P" 

Survi- Negative 
vors organs 

NS :s0.001 
s0.001 so.001 
s0.001 s0.001 

• Statistics: chi-square test (two-tailed probability), saperconazolc versus 
excipient on the basis of milligrams per kilogram. NS, Not significant. 

• ED50. 

ANTIMICROB. AOENTS CHEMOTHER. 

TABLE 6. Oral treatment• of systemic aspergillosis with 
saperconazole in immunocompromised guinea pigs 

with mechlorethamine hydrochloride 

No. of Animals 
Saperconazole Start of Mean %of iqjections (mg/kg) 

ofMCE· treatment Total % survival negative 
in PEG 200 HCI• on day: no. Survi- in days organs 

vors 

Excipicnt 2 0 18 0 5.8 2 
0.63 2 0 24 46 16 39 
1.25 2 0 12 100 >28< 96.3 
2.5 2 0 12 100 >28 96.6 
0,64d 0.7 

Excipient 6 0 18 0 5.6 3.1 
1.25 6 0 18 94 27.2 90.1 
2.5 6 0 12 92 27.3 97.2 

Excipicnt 2 1 18 0 5:9 2.9 
0.63 2 1 18 78 24.5 66.3 
1.25 2 1 18 100 >28 90.4 
2.5 2 1 18 100 >28 99.4 
5 2 l 6 100 >28 94.6 
0,54d 0.39 

Excipient 2 2 12 0 5.2 1.9 
0.63 2 2 18 so 18.7 45 
1.25 2 2 24 87 25.4 82.2 
2.5 2 2 12 92 26.4 88.8 
5 2 2 6 100 >28 94.4 
0.584 0.62 

Excipicnt 2 3 12 0 5.7 0 
1.25 2 3 12 67 21 64 
2.5 2 3 18 61 20.7 50.4 
5 2 3 12 92 26.3 93.2 
0.88d 1.22 

Excipient 2 4 6 0 5.6 1.8 
2.5 2 4 6 33 14 33 
5 2 4 6 67 20.7 60 

0 Oral treatment, once daily for 14 consecutive days. 
• Mechlorethamine hydroc:hloride (0.25 mg/kg) induced leukopenia, neutro-

penia, lymphoc:ytosis, and monoc:ytosis. 
< Surviving animals were sacrificed on day 28. 
d ED50. 

immunocompetent animals. Saperconazole was not only life 
saving; all or almost all organs of surviving guinea pigs were 
free of Aspergillus spp. When some organs still remained 
positive at the end of the experiment, only small amounts of 
fungal elements were present, mainly in the kidney or in the 
spleen. In the various experiments, saperconazole adminis-
tered orally, i.p., or i.v. was free of side effects. The side 
effects observed with amphotericin B administered at 2.5 
and 5 mg/kg were mainly emaciation and erect dull, greyish 
hairs. 

(ii) Pigeons. All control animals infected with A.fumigatus 
died within 2 to 5 days (mean, 3.3 days) (Table 9). They had 
necrotic foci in the lungs, air sacs, liver, spleen, and kidneys. 
These organs were highly positive by histology and on 
cultures. Saperconazole administered at 2.5 mg/kg was not 
active, but when it was given at 5 or 10 mg/kg, 92 or 100%, 
respectively, survived and organ cultures were negative. No 
drug-related side effects were observed in the pigeons. 

DISCUSSION 
The evaluation of the new lipophilic, broad-spectrum 

triazole saperconazole demonstrated a high antiaspergillar 
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TABLE 7. Therapeutic parenteral treatment0 of systemic 
aspergillosis with saperconazole in immunocompromised 

guinea pigs with mechlorethamine hydrochloride, 
starting 1 day after infection 

Animals Statistics pb 
Saperconazole Mean %of 

(mg/kg) Total 
% survival negative Survi- Negative 

in PEG 200 Survi- in days organs no. vors organs 
vors 

Excipient (HP- 12 0 5.8 3.7 
~CD)' 

Saperconazole 
0.63 12 33 15.6 57.4 NS :s0.01 
1.25 12 67 23.7 73 NS :s0.01 
2.5 12 100 >28d 90.7 NS :s0.001 
5 12 100 >28 96.3 so.Os :s0.001 
0.86' 0.52 

Excipient 12 0 5.9 6 
(saline) 

Amphotericin B 
0.63 12 33 15.3 37.8 
1.25 12 50 16.5 53.7 
2.5 12 67 18.9 64.8 
5 12 58 21 62 
1.s1· 1.20 

0 i.p. treatment, once daily for 14 consecutive days. 
~ Statistics: chi-square test (two-tailed probability), saperconazole versus 

ampbotericin B on the basis of milligrams per kilogram. NS, Not signific:ant. 
< HP-1!-CD, Hydroxypropyl-jkyclodextrin. 
" Surviving animals were sacrificed on day 28. 
'ED,.,. 

activity in vitro and in vivo. The in vitro activity of azoles 
depends on a large variety of factors (7) and was clearly 
demonstrated for itraconazole (3, 14). The temperature for 
the assay is not physiologic. However, for another azole 
(enilconazole), the influence of the temperature was evalu­
ated on its fungistatic and fungicidal activity: 4, 18, 25, 37, 
and 45°C were used for five strains of A. fumigatus (14). It 
appeared clear that there was no major difference between 
the results at 25°C and those obtained at the physiologic 
temperature, especially due to the duration of the assay as 
carried out in this study. As for itraconazole, the higher pH 
of brain heart infusion broth and the slower onset of growth 
may favorably influence the activity of saperconazole. The 
higher pH of this medium may also allow a higher concen­
tration of active nonprotonated drug (18). The activity of 
saperconazole against a large series of Aspergillus strains 
tested in vitro gave a clear image of the potency of the 
compound. For in vivo studies in guinea pigs and pigeons, a 
highly pathogenic strain of A. Jumigatus, with profuse sporu­
lation and capable of inducing a homogeneous systemic and 
disseminated disease, was selected. Moreover, the selection 
of the strain of A.fumigatus for in vivo experiments was also 
based on the fact that it belonged to the 15% of strains that 
needed l µg/ml for complete growth inhibition during the 
14-day test period. There is a real need for active drugs in 
aspergillar infections. Up to now, only amphotericin B, 
enilconazole, and itraconazole may be considered as really 
active compounds in aspergillosis. The therapeutic use of 
amphotericin B is restricted by side effects, severe toxicity 
problems (1, 7), and by the exclusive use of the parenteral 
route (4, 8). Enilconazole is not active by the oral or 
parenteral route and can be used only as a fungicidal 
compound for disinfection, prophylaxis, and topical treat-

TABLE 8. Oral treatment° of systemic aspergillosis with 
saperconazole in immunocompromised guinea 

Saperconazole 
(ms/kg) 

in PEG 200 

Excipient 
0.63 
1.25 
2.5 
o.99" 

Excipient 
0.63 
1.25 
2 . .5 
0.784 

Excipient 
0.63 
1.25 
2.5 
0.784 

Excipient 
0.63 
1.25 
2.5 
o.99" 

pigs with cyclophosphamide 

CPP" 
(mg/kg) 

10 
10 
10 
10 

10 
10 
10 
10 

20 
20 
20 
20 

20 
20 
20 
20 

Start of 
treatment 
on day: 

0 
0 
0 
0 

1 
1 
l 
l 

0 
0 
0 
0 

1 
1 
1 
l 

Animals 

Total 
no. 

6 
6 
6 
6 

6 
6 
6 
6 

6 
6 
6 
6 

6 
6 
6 
6 

% 
Survi­
vors 

0 
17 
67 

100 

0 
33 
83 

100 

0 
33 
83 

100 

0 
17 
67 

100 

0 Oral treatment, once daily for 14 consecutive days. 

Mean 
survival 
in days 

5.9 
11.3 
24.8 

>28c 

5.8 
14.2 
24.5 

>28 

4.7 
13.8 
27.5 

>28 

5.4 
10.8 
20.3 

>28 

%of 
negative 
organs 

4 
32 
88.3 
92.6 

0.77 

2 
39.4 
79.6 
94 . .5 
0.75 

1.9 
33.4 
90.7 
96.3 
0.75 

5.6 
24 
68 . .5 
89.8 
0.98 

b Cyc:lophosphamide (4 iajections) induced leukopenia, neutrocytosis, and 
lymphopenia. 

< Surviving animals were sacrificed on day 28. 
"ED,.,. 

ment by fumigation or by spray (9, 17). Itraconazole is a 
potent antiaspergillar triazole that can be administered orally 
and parenterally (10, 11, 13). Ketoconazole and fluconazole 
appeared to be only marginally active, whereas terbinafine is 
not active (12). 

Guinea pigs and pigeons were preferred for their high 
susceptibility to Aspergillus infections. More uniform and 
large invasion of various organs, especially the lungs, in 
general the portal of entry of Aspergillus under natural 
conditions, is an interesting aspect in favor of these species. 
Important also is the higher persistent immunodepression in 
guinea pigs compared with that in mice, which regain immu­
nity if the dosage of the immunodepressing agent is not 
lethal. 

In our animal experiments in rats we obtained a pro­
nounced neutropenia after treatment with cyclophospha-

TABLE 9. Oral treatment0 of systemic aspergillosis with 
saperconazole in pigeons starting on the day of infection 

Saperconazolc Pigeons Mean 
(mg/kg) Total % survival 

in PEG 200 no. Survivors in days 

Excipient 12 0 3.3 
2.5 6 0 4.7 
s 12 92 26.2 

10 12 100 >28b 
4.2< 

• Oral treatment, once daily for 14 consecutive days. 
6 Surviving animals were sacrificed on day 28. 
'ED.,... 

%of 
negative 
organs 

0 
0 

91.7 
100 

4.2 
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mide (unpublished data). In the guinea pigs however, the 
administration of 4 x 10 or 4 x 20 mg of cyclophosphamide 
per kg resulted in an increase of the percentage of neutro­
phils by 72% (group of 18 guinea pigs) and 76% (group of 17 
guinea pigs), respectively (13). The effects of cyclophospha­
mide in guinea pigs on the neutrophils were comparable to 
those obtained with hydrocortisone acetate (increase of 
97%) and with prednisolone acetate (increase of 152%), but 
after administration of 2 x 0.25 mg of mechlorethamine 
hydrochloride per kg only 62% of neutrophils were counted 
(161 guinea pigs). All of these data were statistically signif­
icant by the Mann-Whitney U test (two-tailed probability) P 
at ~ 0.001 (13). 

Systemic disseminated aspergi!losis in the guinea pig is a 
reliable model that allows good extrapolation from the 
experimental infection to the natural disease in humans and 
animals (2, 11). An inoculum of 25,000 spores of A. fumig­
atus per g of body weight of guinea pigs infected i. v. resulted 
in a standardized model with repeatable survival and organ 
positivity. The response to oral and parenteral treatment 
with saperconazole was comparable for immunocompetent 
guinea pigs and mechlorethamine hydrochloride- or cyclo­
phosphamide-immunocompromised guinea pigs. Delayed 
start of treatment with saperconazole had no influence on the 
results .. Even when treatment with saperconazole started in 
moribund animals (day 4), the majority of the animals were 
cured. The results obtained with saperconazole were largely 
superior to those with amphotericin B. The activity of 
saperconazole in the pigeon model supports the value of this 
new triazole in another animal species. The activities of 
saperconazole given orally, i.p., and i.v. were comparable 
and will open new therapeutic possibilities in both patients 
who can take oral therapy and patients with a poor absorp­
tion profile, where a safe parenteral drug is needed. Saper­
conazole was given to human volunteers. The half-life of 
saperconazole after a single dose of 200 mg was 20 h (V. Van 
de Velde, P. Van Rooy, A. Van Peer, R. Woestenborghs, J. 
Mesens, J, Heykants, and G. Cauwenbergh, Clin. Res. Rep. 
R 66905/5, November 1988). 

With the increasing need for new therapeutic agents with 
anti-Aspergillus activity and because of its highly curative 
value in models that mimic natural dissemination in various 
organs, saperconazole is a candidate for clinical trials. This 
is supported not only by its activity (P. Van Rooy, K. De 
Beule, J. De Cree, and G. Cauwenbergh, Clin. Res. Rep. R 
66905/6, January 1989; V. Van de Velde, P. Van Rooy, A. 
Van Peer, K. De Beule, R. Woestenborghs, J. Heykants, 
and G. Cauwenbergh, Clin. Res. Rep. R 6690519, March 
1989; P. Van Rooy, K. De Beule, J. De Cree and G. 
Cauwenbergh, Clin. Res. Rep. R 66905/10, April 1989) but 
also by potential oral and parenteral treatment. 
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JeNTRAL NERVOUS .SYSTEM PARACOCCIDIOIDOMYCOSIS. REPORT OF A'CASE SUCCESSFULLY 
1i' TREATED WITH ITRACONAZOL 

Luis A. VILLA(!), Angela TOBON(l), Antonio RESTREP0(3), Daniel CALLE(4), David S. ROSER0(4), Beatriz L. G6MEZ(l) & Angela RESTREPO(l) 

SUMMARY 

·'.;is and treatment of ' 
:9: 3051-3052, 1997. , 

Paracoccidioidomycosis (PCM) is a primary pulmonary infection that often disseminates to other organs and systems. Involvement 
of the central nervous system (CNS) is rare and due to the fact that both clinical alertness and establishment of the diagnosis are · 
delayed, the disease progresses causing serious problems. We report here a case of neuioparacoccidioidomycosis (NPCM), observed 
in a 55 year-old male, who consulted due to neurological symptoms (left hemiparesis, paresthesias, right palpebral ptosis, headache, 
vomiting and tonic clonic seizures) of a month duration. Upon physical examination, an ulcerated granulomatous lesion was observed. 
in the abdomen. To confirm the diagnosis a stereotactic biopsy was taken; additionally, mycological tests from the ulcerated lesion 
and a bronchoalveolar lavage were performed. In the latter specimens, P. brasiliensis yeast cells were visualized and later on, the brain 
biopsy revealed the presence of the fungus. Treatment with itraconazole (ITZ) was initiated but clinical improvement was unremarkable; 
due to the fact that the patient was talcing sodium valproate for seizure control, drug interactions were suspected and confirmed by 
absence of ITZ plasma levels. The latter medication was changed to clonazepam and after several weeks, clinical improvement began 
to be noticed and was accompanied by diminishing P. brasiliensis antigen and antibody titers. In the PCM endemic areas, CNS 
involvement should be considered more often and the efficacy of itraconazole therapy should also be taken into consideration. 

-' ·,N. V. • Effect or 
: Jme of tuben:ulosu, 

"' infections in renal 

,mmunosuppmsivc 
: 51-62, 1976, 

, outbreak in orcnal 

,,sis in renal allogr>ft 

,, HANSON, J.S. · 
., 17: 262-265.1982. 

.. , istcnce of Kaposi's 
· 3lantation, 66: 115-

KEYWORDS: Paracoccidioidomycosis; Central nervous system; Itraconazole 

INTRODUCTION 

Paracoccidioidomycosis (PCM), a mycosis caused by the dimorphic 
fungus Paracoccidioides brasiliensis, is a systemic disease that afflicts 
predominantly rural adult males living in the endemic countries of South 
and Central America. The primary lesion occurs in the lungs13 but often 
disseminates to other organ and systems, notably the oral mucosa, the 
adrenal glands, the reticulo-endothelial system, the skin, and less 
frequently to other organs such as the central nervous system (CNS). 
According to AJELL01, the latter manifestation was initially described 
by Pereira and Jacobs in 1919. 

In neuroparacoccidioidomycosis (NPCM), as well as in other more 
ixmmon fonns of the mycosis, patients are predominantly males, age 
30-50 years. The CNS manifestations may become apparent in the 
meninges or in the cerebral parenchyma where they give rise 10 the 
tmesponding clinical manifestations, including those of a pseudotumoral 
lesion9.m.1,1.16,1a-20_ · 

l The diagnosis of NPCM is difficult to establish. Neuroimaging 
studies such as Computerized Tomography (CT) and Magnetic 
Resonance Imaging (MRI) are helpful in suggesting the disease but they 

do not furnish a definitive diagnosisB.17
• The latter is obtained only when 

the fungus is observed microscopically or isolated from biopsies or from 
1he cerebrospinal fluid (CSF)6.". However, the latter sample, is not too 
effective as repeated specimens, large quantities of and prolonged 
incubation of the cultures are required16• Consequently, invasive 
procedures are often needed to obtain representative samples for 
diagnosis. 

Detection of P. brasiliensis may be improved by immunologic .. testing 
for antibodies, such as the agar gel immunodiffusion and the complement 
fixation6.11

,
1
', and more recently, also by an.tigen detection procedures11 • 

Amphotericin B, administered either by the intravenous or the 
intrathecal routes, has been used in the treatment of NPCM. When the 
dose has been completed, treatment is followed with sulfonamides for 
chronic supportive therapy2.9.io.i4,211_ Certain sulfonamide-trimethoprim 
combinations, such as cotrimoxazo! and cotrimazine, have also been 
used due to the high drug levels attained in the CSP. Surgery is reserved 
for patients in whom granulomas are accessible and the symptoms have 
failed 10 improve with specific therapy". We present here the record of 
a Colombian patient with NPCM whose symptoms and neurological 
signs improved or resolved during therapy with itraconazole. 

O} Depan:unento de Neurologfn, Facultid de Medicina, Universidild de Antioquia y Hospitil Universit:uio San Vicente de Paul. 
12) Unidad de Micologfa Medica, Corpomci6n para Investigaciones Biol6gicas (CIB), Medellin, Colombia. 
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CASE REPORT 

. The patient was a 55 year-old male patient, car driver in the city of 
Medellin but who in his younger years, was a farmer in a rural region. 
He ingested alcohol regularly and has been a heavy cigarette smoker (35 
packets/year). He attended the Social Security Hospital because for the 
last month, he had been experiencing a progressive problem characterized 
by left hemiplegia, accompanied by paresthesias and right palpebral 
ptosis. For the last three days, he has also experienced tonic-clonic 
seizures of the left extremities with secondary generalization, global 
headache and persistent vomiting. 

Physical signs showed that the patient was alert and cooperative. 
Additionally, his vital signs were within normal limits. A non-painful 
cutaneous ulceration, 3X2 centimeters, was observed in the abdomen in 
the periumbilical zone; it had raised borders and a granulomatous 
appearance. This lesion was first noticed a year ago but the patient 
disregarded it, as it caused no major discomfort. 

Neurological examination disclosed that the patient was conscious, 
had a highly preserved cortical function and his memory was also nonnal. 

Fig. 1 • CT brain M:an at diagnosis showing a ring-enhancing lesion in the right mesenc:ephalon 
with mass effect and peri-lesional edema. 

232 

There were no signs of meningeal irritation; the ocular funduscopic 
examination revealed that there was venous congestion with papilledema. 
The pupillae were isochoric and nonnoreactive; common ocular motor 

. nerve palsy was noticed. There was central right facial paresia and left 
hypoesthesia and hemiparesis (in a scale of 0-5, the muscle strength was 
4/4 in all segments of the left hemibody). Pathological reflexes (Hoffman 
Babinski) were absent. Simple and contrasted CNS CT scans, thoraci~ 
X-rays as well as laboratory tests were ordered. 

At the level of the right thalamus, CT scans revealed a ring-enhancing 
lesion accompanied by a large area of peri-lesional edema (Fig. !). A 
representative biopsy was then taken and the new CT indicatel!l that the 
lesion involved not only the right thalamus but also the mesencephalon; 
it measured 18Xl6 mm and had a necrotic center. The thoracic X-rays 
showed bilateral interstitial infiltrates in both basal fields. Diagnostic 
.impressions comprised toxoplasmosis, lymphoma, tuberculosis and 
astrocytoma. A stereotaxic biopsy was carried out with the aid of a CT 
scan and reported, later on, as compatible with cryptococcosis, a diagnosis 
that promp1ed tluconazole treatment. 

The blood biochemical parameters and the hematological tests were 
normal with the exception ofleukocytosis (22,900/mm3

) and neutrophilia 
( l 9, 150/mm3). Sedimentation rate was 35 mm and the C reactive protein 
was 1.44 mg/dL. Tests for HfV and toxoplasmosis (IgM) were negative. 
Repeated searching for AFB in sputum (3 samples) also gave negative 
results. 

Three weeks later and due to lack of response, the initial diagnosis 
was questioned and mycological studies such as direct KOH examination 
and cultures were ordered. These included specimens from the abdominal 
ulcer as well as a brochoalveolar lavage (BAL). Serum and CSF were 
also subjected to immunological testing for antibody (agar gel 
immunodiffusion and complement fixation) and antigen detection 
(inhibition EUSA). Additionally, authorization to revise the brain biopsy 
slides was solicited. 

Direct examination of both clinical specimens revealed the presence 
of P. brasitiensis multiple budding yeast cells. The latter were also 
observed in the H&E-stained brain tissue; a few days later, the 
immunological tests revealed the presence of antibodies against the 
fungus, as well high levels of circulating antigen. Consequently, the 
diagnosis of PCM became firmly established. 

Treatment with itraconazole (ITZ), 400 mg/day, was initiated. The 
patient had been receiving sodium valproate (400 mg/day in the morning 
and 200 mg/day in the evening) to avoid seizures. One month after 
antifungal therapy, clinical response was minimal; consequently, ITZ 
plasma levels were detennined and found that they were undetectable. 
At this time, sodium valproate was suspended and replaced by 
clonazepam, I mg/day; ITZ continued to be administered at the same 
dose (Table I). 

Fifteen days later, lTZ plasma levels have attained acceptable levels 
(4.60 µg/mL), and as a consequence, the l1Z dose was lowered to 300 
mg/day. During the first two months at this dose, the abdominal ulceration 
and the common ocular motor nerve palsy healed; the headache 
diminished and disappeared on prolonged therapy (7 months); Toe 
hemiparesis became less noticeable but persisted as sequelae. 
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; After 5 months of therapy, ITZ levels were sufficiently high (9.76 
jmL) to allow a decrease in the dose (200 mg/day); the latter was 
t@ntained until completing a year of therapy (Table l ). Laboratory tests 
tiied to reveal drug toxicity. Periodically, control tests to determine the 
~nc_e ~f ~th antibodies and_ circulating ant~ge~s, were do~e. ~ntigen 

· titers d1mm1shed after correction for the an11-se1zure medicauon and 
l#aJlle undetectable 5 months after suspending the ITZ-sodium valproate 
combination. 

-. At time of this report, the patient has been followed for 2 years 
without experiencing clinical or mycological relapses. A CT scan taken 
s(x months after the end of treatment, revealed substantial improvement, 
~'shown in Fig. 2. 

DISCUSSION 

_ In countries where PCM is endemic, the neurological manifestations 
of this disorder should be taken into consideration in undiagnosed patients 
with signs and symptoms of chronic meningoencephalitis or expansive 
CNS processes. According to autopsy studies, NPCM occurs more often 
than suspected by the physician and consequently, treatment is delayed 
aiid death may ensue15•19• 

~ 

CNS involvement represents dissemination from the primary 
pulmonary focus which is often a silent process; when other extra­
pulmonary lesions are present in the patient, diagnosis becomes simpler 
as samples for laboratory examination are easier to obtain. PLA et al. 16 

revised 22 NPCM cases and found that most patients had lesions outside 
the brain, mostly in the lungs (13/17 cases with X-rays films), the 
teguments (8 cases) and the lymph nodes (I case). These results reveal 
the disseminated pattern of this mycosis6·m·14•16. 

In the patient reported here, there were indications of previous lung 
· involvement and also, presence of a cutaneous lesion that should have 
led to suspect a multisystemic disorder. Nonetheless, this important lesion 
was disregarded. 

The clinical manifestations of the CNS in PCM are those of a chronic 
meningitis or of an expansive tumor-like lesion (paracoccidioidoma)9•1o.". 
Histologically, the latter is characterized by granulomas that may be 
localized anywhere within the CNS, especially in areas with adequate 
blood supply, such as the cerebral hemispheres, the cerebellum aild more 
rarely, the thalamus, the medulla and the spinal cord15•19• Involvement of 
the thalamus such as was observed in our patient, was recorded in only 
two of the 22 cases revised by PLA. er al. 16• 

Treatment of NPCM has relied on amphotericin B, an effective 
medication known to be nephrotoxic and capable of producing systemic 
effects4

• Several au.thors consider that sulfonamides by their capacity to 
penetrate into the brain, are the drugs of choice. Nonetheless, prolonged 
periods of continuous treatment (3-5 years) are required before adequate 
results can be obtained3

•
10

·'
4

•20• The azole derivatives ketoconazole, 
fluconazole and itraconazole have all been used for the treatment of 
non-meningeal forms of PCM. Itraconazol is considered by our group 
as the choice medication in other forms of PCM12.13 and although it does 
not attain adequate CNS levels, this drug concentrates in the tissues". 
Nonetheless, the adequacy of its use in CNS disease has not been 
definitively demonstrated. 

Table 1 
Itraconazole plasma levels and laboratory findings: influence of concomitant 

sodium valproa_te treatment 

Month Itraconazol Complement P. brasiliensis Concommitant 
levels* fixation antigen titers therapy 
(µg/mL) (µg/mL) Itraconazol/ 

Yalproato/ 
Clonazepam 

(mg/day) 

Not detectable . -1:64 11 400/500/0 

2 4.60 1:64 19 400/0/1 

5 9.76 1:16 15 300/0/1 

7 4.60 1:8 0 200/0/1 

• Therapeutic failures are a.~sociated with levels <2µg/mL 

Fig. 2 - CT brain scan at the end of ITZ therapy. The edema has subsided, uptake of the 

contrast media is less intense although the lesion ·s size remains unaltered. 
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The efficacy of ITZ in PCM, even in severe juvenile cases12, as well 
as the known toxicity of amphotericin B•, led us to use ITZ at a dose 
twice the one generally employed (200 mg/day). However, we initially 
disregarded the possible interaction with sodium valproate that resulted 
in lowered ITZ plasma levels due to their metabolism through the 
cytochrome P450 system5• Upon interruption of the latter drug and 
replacement by another anti-seizure medication, clinical response was 
achieved, and was accompanied by an important elevation of ITZ plasma 
levels and significant decreases in the titers of both circulating antigen 
and serum antibody. 

Clinical response was noticed after two months wit_h healing of the 
abdominal ulceration; intracraneal hypertension took a longer time (7 
months) to resolve but improvement was gradual and marked. Although 
at the end of therapy hemiparesis was still present, the degree of 
impairment was minor. Previous reports do not mention the duration of 
the neurological sequelae and only one author11 refers 10 their persistence. 

To the best of our knowledge, this is the first NPCM case that has 
been treated and responded to ITZ therapy. It is recommended that CNS 
involvement be considered in all patients with PCM in order to promptly 
establish both the diagnosis -and the specific treatment, thus avoiding 
pennanent brain damage and death of the patient. 

RESUMO 

Paracoccidioidomicose do sistema nervoso central. Apresenta~o 
de um caso tratado com exito com itraconazole 

A paracoccidioidomicose (PCM) e infec~ao pulmonar primaria que 
algumas vezes pode se disseminar a outros 6rgaos e sistemas. 0 
envolvimento do sistema nervoso central (SNC) e raro e devido ao fato 
que a alerta clinica e o estabelecimento do diagn6stico sao tardios, a 
doen~a progride e o paciente piora. Aquf apresentamos caso de 
neuroparacoccidioidomicose (NPCM) observada em homem de 55 anos 
de idade que referia sintomas neurol6gicos (hemiparalisia esquerda, 
parestesias, ptose palpebral direita, dor de cabe~a. vomito e convulsoes) 
de um mes de dura~ao. Ao exame ffsico, foi achada lesao ulcerada e 
granulomatosa no abdomen. Como o diagn6stico era duvidoso, foi 
indicada biopsia estereotaxica; alem disso provas micol6gicas a partir 
da leslio ulcerada e um lavado broncoaJveolar foram realizados. Nas 
ultimas amostras P. brasiliensis foi observado e depois a biopsia do 
cerebro revelou a presern;:a do fungo. 0 tratamento com itraconazol foi 
iniciado mas a melhoria clfnica nao foi detectavel; devido ao fato que o 
paciente estava tornando valproato de s6dio para o controle das 
convulsoes, foi suspeita interar;:ao entre os dois medicamentos, que foi 
confinnada pela ausencia do nfvel plasmatico do antimic6tico. Este ultimo 
medicamento foi trocado por clonazeparn e depois de algumas semanas 
a melhoria clfnica foi percebida e acompanhada pela diminui~ao dos 
tftulos de antfgenos e anticorpos do P. brasiliensis. Em areas endemicas, 
o envolvirnento do SNC deve ser considerado em doentes com PCM ea 
eficacia do itraconazole deve ser considerada. 
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Solid solutions are very common in crystalline materials. A solid solution is 
basically a crystalline phase that can have variable composition. Often, certain 
properties of materials, e.g. conductivity, ferromagnetism, are modified by 
changing the composition in such a way that a solid solution forms and great use 
may be made of this in designing new materials that have specific properties. 

Simple solid solution series are one of two types: in substitutional solid 
solutions, the atom or ion that is being introduced directly replaces an atom or 
ion of the same charge in the parent structure; in interstitial solid solutions, the 
introduced species occupies a site that is normally empty in the crystal structure 
and no ions or atoms are left out. Starting with these two basic types, a 
considerable variety of more complex solid solution mechanisms may be derived, 
by having both substitution and interstitial formation occurring together and/or · 
by introducing ions of different charge to those in the host structure. 

10.1 Substitutional solid solutions 

An example of a substitutional solid solution is the series of oxides formed 
reacting together Al 20 3 and Cr20 3 at high temperatures. Both of these en/ 
member phases have the corundum crystal structure (approximately hexagon_, 
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10.4 General comments on the requirements for solid 
solution formation 

The factors that govern whether or not solid solutions, especially the more 
·· mplex ones, form are understood only qualitatively. For a given system, it is 
'ot usually possibl_e to predict whether solid solutions will fo_rm or, if they do 
orm, what is their compositional extent. Instead, this has to be determined 
· perimentally. Ifwe are restricted to solid solutions that exist under equilibrium 
onditions(Fig. 9.1) and are represented on the appropriate phase diagram, then 
lid solutions form only if they have lower free energy than any other phase or 

'\i.ssemblage of phases with the same overall composition. Under non-equilibrium 
·bc,nditions, however, and by using 'chemie douce' or other preparative tech­
,"niques (Chapter 2), it is often possible to prepare solid solutions that are much 
:more extensive than those existing, if at all, under equilibrium conditions. A 
simple example is provided by the fi-aluminas, Na2 0 ~ 8 Al20 3 • Part or all of the 
Na+ ions may be ion exchanged for a variety of other monovalent ions, including 
Li+, K +, Ag+ and Cs+, even though most of these ion exchanged materials are 
not thermodynamically stable (Chapter I 3). 

The limitations on the relative sizes of ions that either substitute directly for 
. each other or enter interstitial sites have been referred to above. In the more 
:tomplex solid solution mechanisms, the charges of the ions that take part are 
often different to each other. Clearly charge balance must be preserved overall, 
but within this limitation and provided the size requirements are met, there is 
pften much scope for introducing ions of different charge. A rather extreme 

, :example of this is Li2 TiO3 . This has, at high temperatures; a rock salt structure in 
·which Li+, Ti4 + ions are disordered over the octahedral sites in a cubic close 
packed oxide ion array. It can form two series of solid solutions with either excess 
_Li 2 O or excess TiO2 and of respective formulae 

(a) Li2+ 4.,Ti1 _ .. 0 3: O<x::S0.08 

(b) . Li2-4x Ti1 +xo3: 0 < X ;$ 0. I 9. 

Both of these involve the interchange of mono- and tetravalent ions with the 
creation of either interstitial Li+ ions (a) or Li+ vacancies (b) to maintain 
electroneutrality. The large difference in charge of Li+ and Ti4+ obviously does 
not prevent solid solution formation. Part of the reason why solid solutions form 
appears to be that both Li+ and Ti4 + are able to occupy similar-sized octahedral 
sites with metal-oxygen distances in the range 1.9 to 2.2A. 

There are many other examples in which ions of similar size but very different 
charge can replace each other in solid solution formation. The ilmenite-like phase 
LiNbO3 forms a limited range pf solid solution by 5Li +:;:::: Nb 5 + 
substitution on octahedral sites (Fig. 3.10a). The Zr4 + ion can be replaced by 
Ca 2 +, Y3 + ions in the eight coordinate sites of the cubic stabilized zirconia 
structure, e.g. Zr 1 _xCa.xO 2 +x· Na+ is also of a similar size to Zr4 + and these ions 
replace each other in the solid solution series, Na5 _ 4.,Zr1 +.rP3O 12: 0 < 
x<0.15. 
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Chemistry beyond the molecule 
Gautam R. Desiraju 
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Supramolecular chemistry has grown in importance because it goes beyond 
the molecule - the focus of classical chemistry. It also offers a fresh 
interface with biological and materials science. 

For a long time chemists tried to under· 
stand nature at a level that was purely 
molecular - they considered only 

structures and functions involving strong 
covalent bonds. But some of the most impor­
tant biological phenomena do not involve 
making and breaking covalent bonds - the 
linkages that connect atoms to form molec­
ules. Instead, biological structures are usual­
ly made from loose aggregates that are held 
together by weak, non-covalent interactions. 
Because of their dynamic nature, these inter­
actions are responsible for most of the 
processes occurring in living systems. 
Chemists have been slow to recognize the 
enormous variety - in terms of structure, 
. properties and functions - offered by this 
more relaxed approach to making chemical 
compounds. 

The slow shift towards this new approach 
began in 1894, when Emil Fischer proposed 
that an enzyme interacts with its su_bstrate as 
a key does with its lock 1• This elegant mecha­
nism contains the two main tenets of what 
would become a. new subject, supra­
molecular chemistry2

·
3

• These two principles 
are molecular recognition andsupramolecu­
lar function. 

Molecular recognition is implicit in the 
lock-and-key model - provided both the 
geometry and the non-covalent interactions 
are compatible between the interacting part­
ners, you get recognition. Such highly specific 
interactions also lead to useful supramolecu­
lar functions. For example, it is important 
that an enzyme works only on the appropri-

ate substrate. A key without its own lock or a 
lock without its own key is quite useless. 

The initial motivation behind supra­
molecular chemistry was to design chemical 
systems that mimic biological processes. 
The rise of the supramolecular approach 
was aided by observations of stable com­
pounds that did not involve covalent 
bonds. Early examples of these 'addition 
products' include donor-acceptor complex­
es and clathrate compounds (Fig. l). Some 
donor-acceptor complexes do not involve 
normal covalent bonding. Instead, they are 
held together by one molecule donating elec­
trons, or perhaps sharing a hydrogen atom, 
with another. 

A classic example of a donor-acceptor 
complex is formed by silver ions (Ag+) and 
ethene (CH2=CHJ, in which the ethene 
donates some electrons from its double bond 
to Ag+ (Fig. la). The interaction is not so 
strong thatit leads to a covalent bond, but it is 
strong enough to fonn a stable complex. 

Back in 1948, H. M Powell4 described a 
series of what he called clathrates - derived 
from the Latin clathratus, meaning 'enclosed 
by the bars of a grating'. These inclusion 
compounds are formed when small molec­
ules, such as methanol, hydrogen sulphide or 
sulphur dioxide, are completely enclosed in 
cavities formed by a host compound, such as 
the 13-quinol network (Fig. lb). Here we have 
addition products with little or no direct 
attachment - and no covalent bonds -
between the 'host' and the 'guest'. Powell's 
work was the beginning of what would 

eventually become a major part of 
supramolecular chemistry - the design of 
host cages that allow the selective inclusion 
and expulsion of guest molecules. One of 
the oldest uses of clathrates is in crude oil 
refining, in which undesirable paraffins are 
removed from gasoline by trapping in 
clathrate lattices. 

The early clathrates were discovered by 
chance, but rational design has led to 
enhanced properties. For example, a host 
matrix made from a copper-based polymer 
material absorbs and releases methane. This 
organic-inorganic hybrid competes with 
porous zeolites in its absorptive capacity, and 
could offer new applications for clathrates, 
such as the purification of drugs and trap­
ping and storage of toxic materials5

• 

Chemists could not understand these 
inclusion compounds in terms of normal 
covalent bonding, and they were often rele­
gated to the fringes of chemistry. But with the 
discovery of useful properties, chemists had 
to take these compounds seriously - the 
citadel of the isolated molecule was vulnera­
ble after all. 

Intermolecular interactions 
The term supramolecular chemistry was 
coined in 1969 by Jean-Marie Lehn in his 
study of inclusion compounds and 
cryptands (Fig. le) 2. The award of the 1987 
Nobel Prize in Chemistry to Charles 
Pedersen, Donald Croon and Lehn signified 
the formal arrival of the subject on the chem­
ical scene. Lehn defined supramolecular 

Figure l Supramolecular structures formed by intermolecular interactions. a, A donor-acceptor complex Involving silver and ethene. b, Hydroquinone 
molecules assemble into a clathrate using hydrogen bonds. This means they can form solid-state host-guest complexes in which the hydroquinone 
network is the host and the guest is a small molecule, such as the xenon atom shown. c, A cryptand contains a spherical internal cavity studded with 
donor sites, suitable for enclosing a metal ion. Ultraviolet light absorbed by the cryptand shown here excites the metal ion, Eu(m), which then emits 
radiation at longer (visible) wavelengths. 
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Figure 2 The building blocks of supramolecular chemistry. The structural features of supramolecular 
assemblies are best described In terms of supramolecular synthons - spatial arrangements of 
molecules involving specific intermolecular interactions. a, The hydrogen-bonded symmetrical pair 
of carboxyl groups (CO2H) Is perhaps one orthe easiest identified ofsupramolecular synthons. The 
two linear hydrogen bonds (dotted lines) provide a structural motif that Is surprisingly durable and 
can be used to build structures based on b, one-, c. two- and d, three-dimensional patterns. 

chemistry as "the chemistry of the inter­
molecular bond". Just as molecules are built 
by connecting atoms with covalent bonds, 
supramolecular compounds are built by 
linking molecules with intermolecular inter­
actions. 

Supramolecular structures are the result 
of not only additive but also cooperative . 
interactions, and their properties generally 
follow from their supramolecular character 
(Boxes 1, 2). So even with the clathrates, their 
whole is more than the sum of their parts. 
These properties are important in both 
materials science (magnetism, conductivity, 
sensors, nonlinear optics) and biology 
(receptor-protein binding, drug design, 
protein folding). 

In any supramolecular assembly, a large 
number of intermolecular interactions is 
possible - but only a few are actually 
observed. The weakness of these interactions 
makes it difficult to predict supramolecular 
structures and means that, in solution, 
supramolecular structures are not always 
stable over time. But this flexibility also 
means that they are frequently favoured in 
important mechanisms, notably in biologi­
cal reactions and incrystallization processes, 
where the ability to form short-lived transi­
tion states and to perform trial-and-error 
correction easily is essential. 

Intermolecular interactions are divided 
into two classes: isotropic, medium-range 
forces and anisotropic, Jong-range forces. 

Isotropic forces define the shape of the indi­
vidual molecules, as well as size and close 
packing of molecules, whereas anisotropic 
forces determine intermolecular orienta­
tions and functions. For example, the th;ee­
dirnensional shapes of biomolecules, such 
as proteins and enzymes, are the result 
of medium-range intermolecular inter­
actions. At a simple level, all molecular 
recognition can be said to arise from 
isotropic interactions, in other words by the 
fitting together of bumps and hollows 
among the components of the supramolec­
ular structure. But most directional effects 
- and function is related to these effects -
depend on the anisotropic interactions. 
Generally, the anisotropic interactions 

Box 1 Hard applications 
Supramolecular chemistry has always 
been associated with new materials 
and applications. Chemistry is driven 
by the desire for new functions, with 
the study of structure as a necessary 
first step towards the achievement of 
that goal. Ideally, useful materials 
would be designed by taking a single 
molecule and 'sticking it' to others of 
its kind to form three-dimensional 
assemblies. Implied in such a strategy 
is the ability to fine-tune function 
without necessarily disturbing 
structure. Accordingly, the total 
synthesis of a useful material can be 
dissected into molecular and 
supramolecular components. 
Traditional organic chemistry already 
provides all the necessary technology 
for the synthesis of the molecular 

building blocks. Supramoiecular 
synthesis, which requires 
manipulation of intermolecular 
interactions. is still evolving. 

Most solid-state devices, such as 
electronics, require a degree of order 
that is only possible with crystalline 
materials. Unlike porous materials, 
crystals have densely packed 
molecules and any chemical change 
is likely to destroy the crystal and its 
properties. But organoplatinum 
molecules have successfully been 
engineered to make a crystalline 
material that reversibly binds sulphur 
dioxide (SOJ gas 18

. When the 
colourless organoplatinum crystals 
are bathed in SO, they turn bright 
orange and their total volume 
increases by about a quarter, but the 

crystals remain perfectly ordered. 
The SO, can be absorbed and 
expelled many times without loss of 
crystallinity. Part of the reason for this 
remarkable behaviour is that the 
crystalline framework is held together 
by supramolecular interactions - a 
string of hydrogen bonds - which 
can more easily tolerate such 
deformation. These organoplatinum 
crystals might find use as a gas­
storage device, a sensor or even as 
an optical switch. 

Nanocrystalline materials with 
ultrafine grains are potentially useful 
in molecular-scale electronics as 
magnetic", semiconducting, 
dielectric and ferroelectric materials 
Part of the problem chemists have 
with molecule-based systems is 

connecting them to the macroscopic 
world. One approach is to modify a 

. nanocrystalline surface with 
supramolecular components. For 
example, a ruthenium complex bound 
to nanocrystalline titanium dioxide 
gives a supramolecular structure that· 
undergoes photochemically driven 
electron- and energy-transfer 
processes. This makes them 
attractive materials for use in solar 
cells'°. Supramolecular aggregates of 
organic molecules have also been 
used to make molecular switches, 
whose conductivity is controlled by 
the chemical state of the molecule. 
Chemical sensors based on such 
switches could in theory be used to 
detect individual molecules of a 
pollutant. G..R.D. 
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involve partially charged atoms, such as 
nitrogen, oxygen, chlorine, phosphorus 
and sulphur. 

· Isotropic interactions include van der 
Waals forces, which act between all atoms 
and molecules. These can be repulsive or 
attractive depending on the distance 
between the interacting non-bonded 
atoms, and are responsible for gross 
supramolecular arrangements. Although 
these forces are individually weak - they 
have bond energies of 8 kJ mol- 1 compared 
with the 400 kJ mo!- 1 of covalent bonds -
they become significant when considered in 
numbers. This is the essence of supramolec­
ular thinking. The remarkable ability of the 
house lizard to stick to a ceiling is a result of 
millions of van der Waals interactions 
formed by the spatulae at the ends of fme 
hairs that cover the soles of its feet6

• 

Although at a simple level molecular 
recognition can be said to hinge on isotropic 
interactions, at a higher level it is an 
anisotropic interaction that is the master 
key: the hydrogen bond7

. In any hydrogen 
bond, X-H···A, a hydrogen atom acts as a 
bridge between two atoms X and A. These 
atoms always tend to be negatively charged 
(electronegative). which gives the hydrogen 
bond an electrostatic character, as the 
electropositive hydrogen atom holds the 
negative atoms in thrall. 

If X and A are both quite electronegative, 
f9rexampleinN-H---O, the hydrogen bond 
is 'strong' or 'conventional' (20-40 kJ 
mo!- 1

). But if either or both X and A are of 
moderate to weak electronegativity, such as 
in C-H ... Q, the hydrogen bond is 'weak' or 
'non-conventional' (2-20 kJ mol- 1

)
8

• In 
some systems, such as those involving the 
HF2 - ion, the strength of the hydrogen 
bondscanreachquasi-covalentlevels (170 kJ 
mol - 1

). Hydrogen bonds can also form 
between more than two atoms. The impor­
tance of hydrogen bonds that are formed 
with double and triple bonds. such as C = C 
and C = C, is increasingly being recognized. 
For example, hydrogen bonds formed by 
groups such as OH, NH and CH with the 
double bonds in aromatic rings are recog­
nized as being key in the stabilization of 
biomolecularstructures9

• • 

In general, the hydrogen bond is a 
composite interaction, which can have 
pronounced covalent, electrostatic or van 
der Waals components and consequently 
spans a wide energy range. Th_e strength of 
interaction dictates the length and orienta­
tion of the hydrogen bond: short, linear 
bonds are almost always the strongest. But 
even weak bonds can be significant. Weak 
interactions tend to be hydrophobic, so they 
can persist in ionic solvents better than 
stronger hydrogen bonds. 

Predicting supramolecular structures is 
hard, not only because of the sheer numbers 
of possible interactions involved, but also 
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because in energetic terms there is not much 
to choose between these various interac­
tions. If one interaction is not much more 
energetically favourable than the others, 
then there is no clear winner to predict. The 
challenge for the supramolecular chemist 
attempting to synthesize these structures is 
to ensure that the molecules involved are 

· oriented in such a way that maximizes the 
strength of the desired interactions. Two 
examples of instances where intermolecular 
interactions are crucial are crystal engineer­
ing and crystallization. 

Crystal engineering 
Organic crystals are supramolecular entities 

• in that they are built from molecules. In 
crystal engineering, the supramolecular 
chemist aims to design and control packing 
arrangements to design crystals with specific 
properties. But this is not routinely possible 
from knowledge of the molecular structure 
alone. The best chemists can do is to find 
recurring packing patterns adopted by cer­
tain functional groups and rely on the 
robustness of such motifs to create new 
solid-state structures. These small repetitive 
units are called supramolecular synthons 10

• 

They economically but fully define the 
essence of a structure, and embody specific 
intermolecular interactions (Fig. 2). Repeti­
tion is what qualifies a structural motif to be 
considered a syn th on and it is repetition that 
is the key to successful crystal engineering. 

Even after identifying an important inter­
molecular interaction, failure to predict a 
crystal structure can arise because the same 
interaction can be used to make many differ­
ent synthons. For example, the carboxyl 
group (C02H) usually assembles in crystals 
via pairs ofO-H- · ,0 hydrogen bonds11

• But 
in cubane acids, the carboxyls form a syn­
than containing both 0-H .. ·O and 
C-H · · ·O interactions (Fig. 3, overleaf). 

Crystal engineering is shifting its focus 
from devising structures to designing prop­
erties. Property design can only follow from 
structure and our understanding of the 
principles by which molecules assemble into 
crystals is still rudimentary. Chemists are 
trying various computational and experi­
mental approaches towards crystal design. 
And the synthon concept tries to simplify 
what is essentially a very difficult problem. 
But even with apparently straightforward 
synthons. things can go wrong. 

In coordination polymers, for example, 
the relatively strong coordinate bonds (a 
type of covalent bond) between organic 
molecules and metal atoms are used to 
generate a solid network. This approach 
offers greater structural repetition because 
the coordinate bonds have both strength and 
explicit geometries. The first metal-organic 
networks were developed to mimic zeolites 
- rnicroporous materials used for catalysis 
and separation processes. But even these 

:::::= © 2001 Macmillan Magazines Ltd 

Box 2 Soft solutions 
On the softer, non-crystalline side of 
supramolecular chemistry. desirable properties 
include solubility and chirality (molecular 
asymmetry). For example, a water-soluble 
polylullerene has been synthesized using 
supramolecular methodology". The reactants are 
prearranged in the cavity of a cyclodexlrin, a 
container molecule, and then the polymerization is 
carried out. Potential biomedical applications of 
this supramolecular polymer follow from the fact 
that it scavenges the natural 'free radical', 
1,1-diphenyl-2-picrylhydrazyl, more strongly than 
C60 itself. and that it cleaves DNA oligonucleotides 
in the presence of light. 

Hydrogen-bonded systems often display 
chirality at the supramolecular level. Chemists 
want to control chirality so that supramolecular 
products are purely left- or right-handed isomers, 
and not a mixture of both. Supramolecular 
structures can now be designed to form sufficiently 
stable hydrogen bonds that pure-handed isomeric 
assemblies can be isolated22• The efficacy of drugs 
that are administered in crystalline form as fine 
powders can depend strongly on whether they 
have the correct isomeric structure and also the 
correct polymorphic structure. 

Polymorphism is when a given molecule can 
exist in different crystalline forms. which are stable 
under different conditions. Polymorphs can 
therefore be thought of as supramolecular isomers. 
species in which the relative positioning of the 
same molecules is different. Polymorphs of a drug 
can have quite different properties. Their 
solubilities can be different, as well as their 
biological activity. In some cases, the less stable 
form will crystallize first, and then slowly 
transform, over time, into the more stable crystal. 
This can be a problem ii the active form of a drug 
is the less stable polymorph, and turns into the 
more stable - but less active and perhaps even 
harmful - form during storage. In this context. 
can one design a molecule that is guaranteed to 
crystallize in a particular polymorphic form under 
physiological conditions? This is now a 
supramolecular challenge for the pharmaceutical 
industry. G.R.D. 

seemingly reliable synthons failed when the 
packing density was low - more often than 
not the porous structure was unstable to 
collapse. The latest generation of open net­
works, which use a dicarboxylate linker to 
help stabilize the structure, can survive the 
loss or exchange of guest molecules 12

• 

Crystallization of molecules in solution is 
also a supramolecular process. Like other 
chemical reactions, it is governed by thermo­
dynamic and kinetic factors. In molecular 
chemistry, pure energy considerations -
enthalpy- are usually the decisive factor. so 
chemists only have to worry about identify­
ing the strongest and weakest bonds, because 
they usually want to make the strongest 
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Figure 3 In many cubane acids, the carboxyl 
groups (C02H) form a synthon based on 
extended 0-H···O and C-H, .. Q bonds. In 
4-bromocubanecarboxylic acid, for example, 
the C-H, .. Q hydrogen bond provides the 
overall synthon with additional support11 • It is 
thought that without this interaction, the 
exotic topology could not be realized. 

bonds and break the weakest. But in 
supramolecular chemistry, there are so many 
possible interactions that you have to 
consider both the enthalpy and entropy (dis­
order) inherent in every interaction. It is 
surprising, then, that although putative 
crystal structures can be similar in terms of 
energy, many organic molecules yield only 
one crystal structure under given conditions. 
Molecules s~em to know how to crystallize 
into the correct structure, even if chemists 
cannot predict it. 

Crystallization is a complex but highly 
efficient process in which a number of mol­
ecular groups compete with each other to be 
sites for intermolecular interactions that 
might lead to a stable crystal structure. 
Before the earliest stage of crystallization -
known as nucleation - all molecular groups 
present in the solution try out different 
possible routes to alternative intermolecular 
interactions. But only a few of these inter­
actions will be thermodynamically, kineti­
cally or statistically sustained. The stable 
interactions lead to robust synthons and 
alternative possibilities are quickly and effi­
ciently excluded. In this respect, there are 
similarities between the crystallization of 
a small organic molecule and the folding 
of a protein. Both proceed through inter­
mediate, structure-determining clusters, 
resulting in a considerable increase in 
crystallization or folding efficiency. 

A fascinating example of such a mechan­
ism is provided by molybdenum chemistry. 
Molybdenum can form giant molecular 
clusters or rings with nanometre-sized 
cavities. Addition of two Mo36 'hub-caps' to 
the wheel-like Mo176 cluster results in a Mo248 
cluster13

. The hub-caps are not stable in · 
solution. showing that crystallization can 
proceed in steps, with complex structures 
forming from more simple ones that are not 
necessarily stable on their own. 

400 

Similarly, salvation - roughly the oppo­
site to crystallization - is a phenomenon in 
which the enthalpic advantage of retaining 
solvent in a crystal outweighs the entropic 
advantage of expelling it into the bulk sol­
vent14. An understanding of crystallization is 
important for the development of supramole­
cular chemistry and crystal engineering; both 
experimental and computational approaches 
(molecular dynamics) are currently being 
used to tackle this exciting problem. 

A study of the protein apoferritin recently 
provided the first ever observations of 
protein nucleation 15• By using atomic force 
microscopy, tiny clusters of apoferritin can 
be watched as they slowly grow or dissolve. 
Protein crystallization is more an art than a 
science, yet it is vital for determining protein 
structure. 

A quiet revolution 
Almost unobtrusively, chemistry is changing 
from a subject to a language that is needed to 
communicate core issues in biological and 
materials science. This change will surely 
lead to striking and unexpected practical 
applications, and supramolecular chemistry 
is at the vanguard (Boxes 1 and 2). Stephen 
Lippard recently made a 'wish list' for chem­
istry that represents this change16

• Beyond 
what I have already discussed here, new 
goals for supramolecular chemistry include 
building porous structures - clathrates 
or coordination compounds - that have 
internal sites for catalysis, and designing 
solid-state reactions that are environment­
ally friendly because they are solvent free. 

So far, the success stories include one 

Figure 4 Supramolecular approach to a 
biological problem. Cyclic peptides with 
alternating D- and L-amino acids create a flat, 
ring-shaped synthon. When several cyclic 
peptides are stacked together they can self­
assemble into a stable nanotube. The walls of the 
tube are i3·pleated sheets. In mice, these 
nanotubes have selective antibacterial activity by 
increasing the permeability of bacterial 
membranes". (The structure shown here 
features different side groups from those used by 
Fernandez-Lopez et al. in ref. 17.) 

~ © 2001 Macmillan Magazines Ltd 

published on page 452 of this issue 17. The 
authors of this paper have created supra­
molecular nanotubes that have important 
biological activity in vivo (Fig. 4). By syn­
thesizing cyclic peptides consisting of alter­
nating D- and L-amino acids, a synthon that 
self-assembles into a nanotube is created. 
The resulting nanotubes have selective 
antibacterial activity in mice by increasing 
the permeability of bacterial membranes. 
They are highly effective against drug­
resistant bacteria, highlighting the advan­
tages of a non-biological treatments over 
conventional ones. 

Friedrich Wohler's synthesis of urea in 
1828, the first laboratory synthesis of a natu­
rally occurring compound, symbolized the 
end of the vital is tic approach to chemistry­
the Idea that living organisms differ from 
non-living substances because they possess a 
'vital force'. But with the arrival of Emil 
Fischer and supramolecular chemistry, 
chemists are now more than ever concerned 
with the transition from chemistry to biolo­
gy. How do life processes work? The fantastic 
levels of specificity achieved. by biological 
machines may be reduced to weak interac­
tions, to chemical recognition and function, 
and inexorably down to physics itself. Yet, a 
reductionist approach is simplistic beyond 
the extreme. A scientifically more acceptable 
view ofvitalism is that living and non-living 
matter differ not in content but rather in 
organizational complexity - and our 
understanding of this theme may well tum 
out to be the biggest breakthrough in 
supramolecular science. Ill 
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Are Crystal Structures Predictable? 
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"No": by just writing down this concise statement, 
in what would be the first one-word paper in the 
chemical literature, one could safely summarize the 
present state of affairs, earn an honorarium from the 
American Chemical Society, and do a reasonably good 
service to his or her own reputation. In the main­
stream of academic tradition, one could then concede 
a "maybe", or even a conditional "yes", thus making a 
good point for discussion; and then, in the mainstream 
of publication policy tradition, proceed eventually to 
have his or her papers rejected by referees taltlng the 
opposite stand. 

Fortunately, there is a rhetorical way out of this 
predicament, known to medieval philosophers as 
amplificatio: in plain words it means, when you 
cannot provide an answer, just rephrase and expand 
the statement of the question. To this very old trick 
we will resort in this paper. In fact, the title question 
is a bit too straightforward and simple-minded; such 
broad terms as "crystal structure" and "prediction" 
need be defined in more detail. There are several 
levels of desirable a priori information on a solid; they 
will be described by posing a number of typical, more 
restricted questions, in order of increasing complexity. 
Organic substances only will be considered. 

It is assumed that it need not be explained to the 
reader why control or prediction of the structure of a 
solid, at a molecular level, is desirable; there are 
several self-evident justifications, on both theoretical 
and practical grounds, for striving to understand the 
basic factors that dictate the arrangement of molecules 
in space when they recognize each other at a short 
distance and eventually coagulate in a rigid configura­
tion. While the present knowledge of intramolecular 
valence can be considered satisfactory, that of inter­
molecular "valence" is rudimentary; and the perspec­
tive of being able to design molecular solids with 
predetermined physical properties, which depend on 
structure, is appealing (an understatement) to applied 
chemists in the fields ofpigments,1 pharmaceuticals,2 

magnets,3 conductors,4 and photosensitive5 or opto­
electronic6 materials .. So one has here a big theoretical· 
challenge going hand in hand with big business. 

In the early days of X-ray crystallography, guessing 
at the crystal structure by minimizing intermolecular 
repulsions was considered a viable method of solving 
the phase problem, when cell dimensions and diffrac­
tion intensities were available. From such a perspec­
tive, knowledge of the cell volume implied that inter­
molecular attractions had been satisfied, and that only 
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mutual avoidance between rigid objects had to be 
accomplished, either by rough (but surprisingly ef­
ficient) mechanical devices 7a or by computer sieving. To 

These procedures were suddenly made obsolete, and 
dismissed, by the advent of direct methods. Crystal 
structure prediction resurfaced only in very. recent 
times, and with a much more ambitious connotation; 
the new problem is to consideT an organic compound 
for which a structural formula has been written on 
paper, but whose synthesis (presumably expensive in 
terms of materials or human resources) has not yet 
been accomplished. In keeping with the rhetorical 
profile of this paper, typical questions on its future as 
a solid will now be posed. 

1. Will this compound crystallize at all? Thermo­
dynamics holds that any substance must crystallize, 
provided it is pure and the temperature is low (or 
pressure is high) enough. But organic chemistry 
thrives in mild temperature-pressure regimes, prone 
to the much more elusive dictates of kinetics. Dis­
solution always works in the proper solvent while 
crystal growth from solution is problematic; melting 
nearly always occurs at higher temperatures than 
freezing; a crystal is more readily destroyed than built. 
The organic solid state ranges from waxes or glasses 
to disordered, strained, or twinned crystals, to pow­
ders, and eventually, to well-shaped single crystals. 
Chemists often come to grips with tough problems in 
the control of solidification, crystal growth, and crystal 
morphology, mainly due to the perverse kinetic control 
of nucleation; and this is a well-developed research 
field of its own. 8 

For example, sexithienyl, a compound of great 
importance in nonlinear optics, has a high melting 
point, yet no single crystals of this substance could 
be grown, in spite of considerable effort. A reasonable 
and stable crystal structure has been predicted9 by 
calculations based on empirical potentials. Recently, 
a Rietveld analysis of powder specimens (the best that 
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a 

b 

Gavezzotti 

Figure 1. {a) The main motif in the predicted crystal structure of senthienyl {ref 9; P21la, Z = 2). {b) The same for the structure 
from a Rietveld refinement of powder data (ref 10; 1'21/c, Z = 4). The two structures differ mainly in the interplanar angle between 
neighbor molecules (49° vs 67°), better shown in the side views on the right. 

could be obtained) has been published. 10 While the 
agreement between the main features of the predicted 
and experimental crystal structures is pleasing (Fig­
ure 1), the riddle of the lack of sexithienyl single 
crystals is still unanswered. 

2. Is this crystal high-melting? The melting tem­
perature (Tm) is high for high melting enthalpy or for 
low melting entropy. The entropic factor implies that 
disordered crystals, or crystals whose liquids are 
heavily associated (e.g., by hydrogen bonding), have 
higher Tm's. Correlations between Tm and crystal 
cohesion should therefore be taken with caution. 

A very old rule of thumb states that more symmetric 
molecules form higher-melting crystals;11 this idea has 
been analyied12 using ortho-, meta-, and para-disub­
stituted benzenes (XCsli.4 Y, X and Y being any sub­
stituents ). A survey of their Tm's shows that para 
isomers are the highest-melting ones, with very few 
exceptions; for only 18 out of 238 para -meta and 
para-ortho couples, the para isomer melts at a lower 
temperature. However, the definition of molecular 
symmetry in this context is really elusive and merges 
uncomfortably with that of molecular shape. The rule 
of thumb stays such, and cannot be given a sound 
theoretical or structural foundation. Tm is still one of 
the most difficult crystal properties to predict. 

3. What is the lattice energy (heat of sublimation)? 
Extensive statistical studies have been conducted on 
relationships between molecular and crystal proper­
ties for non-hydrogen-bonding compounds containing 
C, H, N, 0, S, and Cl atoms,13- 16 as well as for the 
most common families of hydrogen-bonding com-

(10) Porzio, W.; Destri, S.; Ma.acherpa, M.; Bruckner, S. Acta Polym. 
1993, 44, 266-272. 

[11) An early statement is by Hiickel: Huckel, W. Theoreti.sche 
Grundlage der Organischen Chemi.e; Akademische Verlagsgesellschaft: 
Leipzig, 1931; Vol. II, pp 185-186. 

(12) Gavezzotti, A. To be published. 
(13) Gavezzotti, A. J. Am.· Chem. Soc. 1989, 111, 1835-1843. 
(14) Gavezzotti, A. J. Phys. Chem. 1991, 95, 8948-8955. 
(15) Gavezzotti, A.; Filippini, G. Acta Crystallogr. 1992, B48, 537-

545. 
(16) Gavezzotti, A.; Filippini, G. Acta Chim. Hung. 1993, 130, 205-

220. 

pounds17 (acids, alcohols, and amides). Correlations 
were found which allow an estimate of sublimation 
enthalpies from molecular parameters like the number 
of valence electrons (Z) or the van der Waals surface 
(S). For example, in non-hydrogen-bonded oxohydro­
carbons, 

AH. = 0.201Z + 9.4 kcal/mol 

MI.= 0.077S(A2
) + 8.9 kcal/mo! 

. Standard deviations of these linear regressions a.re 
comparable to experimental uncertainties of measure­
menta;18 at least in th.is respect, truly predictive 
correlations betweenmolecular and crystal properties 
can be established. In some cases, errors in experi­
mental Mia's have been detected by redeterminations 
prompted by large deviations from the correlation.14 

Needless to say, the total lattice energy as such carries 
no information on the geometrical structure of the 
crystal. 

4. Will the crystal structure be non-centrosymmetric? 
This is a simple but vital requirement for some 
practical applications of crystal chemistry.19 Crystal 
centrosymmetry is often a matter of debate, and it is 
sometimes one of the refinable parameters--..in X-ray 
crystal structure analysis, rather than a stringent a 
priori condition.20 One sees here a wide gap between 
the high (sometimes too high) resolution of diffraction 
experiments, where a single non-centrosymmetrically 
arranged atom in a large molecule would make a total 
difference, and the coarse view of the applied chemist. 
No one, except a neutron diffractionist, would consider 
non-centrosymmetric a hypothetical P21 crystal struc­
ture of monodeuteriobenzene. 

(17) Gavezzotti, A.; Filippini, G. J. Phys. Chem. 1994, 98, 4831-4837. 
(18) For a review of available sublimation enthalpies of organic 

compounds, see: Chickos, J. S. In Molecular Structure and. Energetics; 
Liebman, J. F., Greenberg, A., Eds.; VCH: New York, 1987; Vol. 2. 

(19) Paul, I. C.; Curtin, D. Y. <;hem. Rev. 1981, 81, 525-541. 
(20) For a Pl reassigned as Pl, see: Marsh, R. E. Acta Crystallogr. 

1990, C46, 1356-1357. See also: Marsh, R. E. Acta Crystallogr. 1894, 
ASO, 450, 455. The author Is so assiduous in this kind of exercise that 
papers so reconsidered are commonly said to have been "marehed". 
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a 

Figure 2. Arrangement of molecules in (a) the X-ray cry!'tal 
structure of l,3,5-triamino-2,4,6-trinitrobenzene (ref 24; Pl, Z 
= 2) and (b) the simulated ccystal structure (ref 26; Pl, Z == 2). 
Oxygen atoms in one nitro group are filled in. 

The opinion that molecules with a high dipole 
moment tend to crystallize in a head-to-tail cen­
trosymmetric fashion is untenable, as has been dem­
onstrated by a detailed analysis:21 the dipole repre­
sentation of a charge distribution applies at large 
distances from it, while neighbor molecules in crystals 
see each other at distances comparable to molecular 
dimensions. On the other hand, the carboxylic acid 
group nearly always forces crystal centrosymmetry by 
forming cyclic dimers. 17•22 As is often the case, we only 
know how to produce the effect we do not want. 

A crystal grown out of a solution containing only one 
enantiomer will perforce be non-centrosymmetric, but 
nothing can be said a priori on the spontaneous 
resolution ofracemic solutions by crystallization. The 
relative stability of resolved and racemic crystals has 
been analyzed,23 but there are at present no really 
predictive concepts on this fascinating subject, which 
may be related to the chirality of the chemistry of life. 

Quite often, non-centrosymmetric molecular layers 
are readily formed, but they cannot be prevented from · 
assuming an apparently very favorable centrosym­
metric arrangement in the crystal. For example, the 
crystal structure of l,3,5-triamino-2,4,6-trinitroben­
zene has been assigned to a centrosymmetric space 
group (Pl) by X-ray analysis,24 while the material 
displays a second harmonic generation propensity,25 

a property of non-centrosymmetric structures. Plau­
sible non-centrosymmetric structures, with lattice 
energies quite comparable to that of the X-ray one, 
have been generated (Figure 2); the discussion of the 

(21) Whitesell, J. K; Davis, R. E.; Saunders, L. L.; Wilson, R. J.; 
Feagin.s, J. P. J. Am. Chem. Soc. 1991, 113, 3267-3270. 

(22) Leiserowitz, L. Acta Crystal!ogr. 1976, B32, 775-802. 
(23) Brock, C. P,; Schweizer, W. B.; Dunitz, J. D. J. Am. Chem. Soc. 

1991, 113, 9811-9820. 
(24) Cady, H. H.; Larson, A. C, Acta Crystallogr, 1985, 18, 485-496. 
(25) Ledoux, I.; Zyss, J.; Siegel, J. S.; Brianne, J.; Lehn, J.M. Chem. 

Phys. Lett. 1990, 172, 440-444. 
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results26 has a lot of academic ifs and buts, perhaps . 
contributing to confusion more than to the advance> 
ment of knowledge. The formation of non-centrosym­
metric domains seems, however, the most likely 
ex.plan a tion of the unusual properties of this crystal. ' · · 

5. Will some parts of the molecule take up ·a.·_·. · 
. predictable orientation in the crystal? Use of the __ · 

information contained in the Cambridge Structural 
Da.tabase27 has led to a number of statistical studies 
on the geometry of hydrogen bonding, of halogen­
halogen interactions, and of other preferred approach 
paths between chemically recognizable molecular moi­
eties. The reader is referred to an excellent review28 

on the subject. 
Much work (and speculation) has been devoted29 to 

the so-called :rr-:rr interactions between aromatic rings, 
driving to stacking, against the "electrostatic" attrac~ 
tions between rim hydrogen atoms and core carbon: 
atoms, driving to T-shaped arrangements; preference 
for the latter is often assumed, quoting as a key 
example the benzene crystal, which in fact does 
contain also almost stacked neighbor molecules. A 
paper3° in which the distribution of phenyl group · 
orientations in hydrocarbon crystals has been exam-._, . -
ined, with peaks for both parallel and T~shaped : 
arrangements, and a non-negligible population in · ·,· · 
between, has not been considered too seriously. Rules · · 
for the prediction of the appearance of herringbone 
versus stacked motifs in condensed aromatics have, 
apparently, been derived.31 

In crystals of monofunctional carboxylic acids and 
amides, virtually no exceptions to the formation of 
cyclic dimers for the former and of single N-H-O=C 
hydrogen bonds in the latter were found. 17 Hydrogen 
bond formation has undoubtedly a very high priority 
in the construction of a crystal structure, but mol­
ecules with several acceptor and/or donor groups quite 
often crystallize in different polymorphic forms with 
different hydrogen-bonding networks.32 

To conclude this section, one could say that some 
broad trends in the dependence of crystal packing from · 
the presence of certain substituents or fragments have 
been identified; but this "substituent effectn in crystal 
chemistry stands on a shaky pedestal, since interac­
tions in crystals of complex molecules are diverse and 
diffuse, and relying on local effects is always danger­
ous. 

6. What can be the space group and the number of 
molecules in the asymmetric unit? The very concept 
of "space group" needs a little revision for crystal 
chemistry purposes. The presence or absence of a 
center of symmetry may be questionable;20 the same 
applies to every symmetry element. To the eyes of 
an X-ray crystallographer, a glide plane is or is not 
present according to an extinction pattern, but the 
borderline between extinct and very weak reflections 
can sometimes be a matter of subjective judgement 
(parasitic diffraction phenomena also contribute). 
Minor molecular displacements may destroy some 

(26) Filippini, G.; Gavezzotti, A. Submitted, 
(27) Allen, F. H.; Kennard, O.; Taylor, R. Acc. Chem, Res. 1988, 16, 

146-153. 
(28) Desiraju, G. R. Crystal Engineering; Elsevier: Amsterdam, 1989. 

· (29) See, e.g.: Dahl, T. Acta Chem. Scand. 1994, 48, 96-106 and 
references therein. 

(30) Gavezzotti, A. Clulm. Phys. Lett. 1989, 161, 67-72. 
(31) Deairaju, G. R.; Gavezzotti, A. Acta Crystallogr. 1989, 845, 473-

482. 
(32) Sulfa drugs provide striking examples: see, e.g.: Bar, I.; Bern­

stein, J. J. Pharm. Sci. 1985, 74, 255-263. 
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symmetry element and bring about a change in space 
group (to the overdetailed eyes of the X-ray analyst), 

· without really affecting the properties of the solid. For 
the crystal chemist, the prediction of the space group 

. ·. may be a whimsical exercise, if what .counts is just a 
· broad understanding of how molecules arrange them­
. selves in space. Besides, in a molecular crystal (here 
meaning one in which distinguishable chemical enti­
ties appear, for which forces within the entity are 
considerably stronger than forces between entities) a 
distinction must be made between intramolecular, or 
point-group, symmetry and the true "intermolecular" 
symmetry, when the asiymmetric unit is less than one 
niolecule.33 

Overall, crystal symmetry has two facets. On one 
side, in a milestone mathematical development, it was 
demonstrated that the combinations of symmetry 
elements give rise to no fewer and no more than 230 
independent three-dimensional space groups. On the 
other side, crystal symmetry has to do with the mutual 
recognition of molecules to form a stable solid, a 
fascinating and essentially chemical problem that 
requires an evaluation of intermolecular forces. It 
should be clear that no necessary relationship holds 

· between these two views; 230 space groups exist, but 
· molecules cannot freely choose among them. Far from 
it, there are rather strict conditions that can be met 
only by a limited number of combinations of very few 
symmetry elements; for organic compounds, these are 
the inversion center, the 2-fold screw axis, and the 
glide plane, plus the ubiquitous translation (some­
times disguised as centering), itself a respectable, if 
often forgotten, symmetry operator. Thus, the choice 
of the space group for organic crystals is usually 

. restricted to those including the above combinations: 
Pl, Pl, P21, P21/c, C2/c, P212121, Pbca. The well­
known statistics on space group populations34 for 

. organic compounds confirms this, as Kitaigorodski 
pointed out decades ago. 35 

Some crystals reach a stable (or at least a lasting 
. metastable) state with more than one molecule in the 

asymmetric unit. Statistics on the Cambridge Data­
base have these occurrences at 8.3%,36 but this is 
presumably an underestimation, since the Database 
is socially biased: structures with several molecules 
in the asymmetric unit pose a small supplementary 
technical problem in final space group assignment and 
structure refinement and were often in the past (and 
probably still are) put aside by busy crystallographers 
as unsavory members of their waiting lists. Once 
again, the reader is reminded of the discussion on the 
presence or absence of a symmetry operator, in this 
case the one that could provide a relationship between 
the partners of the plurimolecular asymmetric unit. 

Some basic rules that preside over the formation of 
intra- and intermolecular hydrogen bonding have been 
identified. 37 In addition, it turns out that molecules 
which form very stable clusters in the liquid by 
hydrogen bonding are more likely to form plurimo­
lecular asymmetric units, since these clusters are 
carried over intact into the crystal, and perfect sym-

(33) See the discussion in the following: Scaringe, R. P. In Electron 
Crystallography of Organic Molecules; Fryer, J. R., Dorset, D. L., Eda.; 
Kluwer: Dordrecht, 1991, especially pp 92-94. 

(34) Baur, W. H.; Kassner, D. Acta Crystallogr. 1992, B48, 356-369. 
(35) See ref 7a, introductory chapters. 
(36) Padmeja, N.; Ramakumar, S.; Viswamitra, M. A.Acta Crystallogr. 

1990, A46, 725-730. 
(37) Etter, M. C. Acc. Chem. Res. 1990, 23, 120-126. 

Gavezzotti 

• metry within them is energetically irrelevant, or even 
slightly unfavorable: 40% of the alcohol crystals in . 
the Cambridge Database have more than one molecule 
in the asymmetric unit.17 For non-hydrogen-bonded 
crystals a similar explanation may be proposed, 
although no simple rules based on chemical reasoning 
can be put forward for preaggregation in the liquid 
state. 

7. What are the cell parameters? The cell volume 
per molecule is rather easily estimated from molecular 
volume, after the Kitaigorodski idea of a constant 
packing coefficient;35 hence, the crystal density too can 
be roughly estimated (see refs 15 and 1 7 for average 
packing coefficients of different chemical classes). If 
space is to be efficiently used in a condensed phase, 
there must be broad correlations between molecular 
dimensions and cell edges: for example, if D. is the 
shortest molecular dimension, Ca the shortest cell 
edge, Dh the longest molecular dimension, and Ch the 
longest cell edge, the following restrictions apply38 (A): 

D 9 - 2 < C
8 

< D
0 
+ 5 

Cell dimensions are indeed a bad identifier of a crystal 
structure, since their choice is not always unique. 
Distances between molecular centers of mass may be 
more useful; of course, some of these coincide with the 
length of screw or glide translations and, hence, are 
equal to one-half the cell parameters along unique 
crystallographic axes. These distances are the main 
quantitative descriptors of crystal geometry and are 
dictated solely by the strength and directionality of 
intermolecular forces. At this level, therefore, not 
much can be predicted with decent accuracy unless 
quantitative intermolecular potentials are available . 

The systematic calibration of a set of potential 
energy parameters for organic crystals containing H, 
C, N, 0, S, and Cl atoms, with17 or without39 hydrogen 
bonds, has been (painstakingly) accomplished. The 
reader will be spared the details of, and the endless 
disputes on, the methods employed in such work; 
space forbids also a quotation of the many alternative 
force fields available in the literature. 40 Suffice it to 
say that these parameters are as few as possible, and 
that with them one can safely calculate lattice energies 
(since experimental heats of sublimation18 are repro­
duced), trusting that lattice dynamics is not grossly 
misrepresented (since reasonable lattice vibration 
· frequencies are calculated41 for observed crystal struc­
tures). The functional form includes one exponential 
and one inverse sixth power term in interatomic 
distances, so that computing times are not inflated by 
slowly-<:enyerging summations. These potentials (Table 
1) have been tailored for the explicit task of performing 
large scale searches of crystal potential surfaces, or, 
in fewer words, for crystal structure prediction. 

8. A.re crystal structures predictable? Of course, the 
final question is whether it is possible to predict ab 
initio the complete structure of any organic crystal, 

(38) Gavezzotti, A. J. Am. Chem. Soc. 11191, 113, 4622-4629. 
(39) Filippini, G.; Gavezzotti, A. Acta Cr;;stallogr. 1993, B49, 868- • 

880. 
(40) See refs 17 and 39 for perspective and discussion; see also: 

Pertain, A. J.; Kitaigorodski, A. I. The Atom-Atom Potential Method; 
Springer-Verlag: Berlin, 1987. 

(41) The lattice-dynamical procedure is described in the following: 
Filippini, G.; Gramaccioli, C. M. Acta Crystallogr. 1986, B42, 605-609. 
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Table 1. Atom-Atom Potential Parameters: 
E = A exp(-BRu) - CRu-6 

interaction A' B• C< rf1- R• 
H-H 5774 4.01 26.1 0.010 3.36 
H-C 28 870 4.10 113 0.049 3.29 
H-N 54 560 4.52 120 0.094 2.99 
H-0 70 610 4.82 105 0.121 2.80 
H-S 64190 4.03 279 0.110 3.35 
H-Cl 70 020 4.09 279 0.120 3.30 
c-c 54 050 3.47 578 0.093 3.89 
C-N 117 470 3.86 667 0.201 3.50 
C-0 93 950 3.74 641 0.161 3.61 
c-s 126 460 3.41 1504 0.217 3.96 
C-Cl 93 370 3.52 923 . 0.160 3.83 
N-N 87 300 3.65 691 0.150 3.70 

'N-0 64190 3.86 364 0.110 3.50 
0-0 46 680 3.74 319 0.080 3.61 
0-S 110160 3.63 906 0.189 3.72 
0-Cl 80 855 3.63 665 0.139 3.72 
s-s 259 960 3.52 2571 0.445 3.83 
Cl-Cl 140 050 3.52 1385 0.240 3.83 
HB-0 (amides) 3 607 810 7.78 238 4.0 1.80 
HB-0 (acids) 6 313 670 8.75 205 7.0 1.60 
HB-0 (alcohols) 4 509 750 7.78 298 5.0 1.80 
HB-N (-N-H-N) 7 215 600 7.78 476 8.0 1.80 
HB-N (-NHz-Nl 1803 920 7.37 165 2.0 1.90 

"Kcal/mol. b A-1. c Kcal/(mol·A-6). d Potential well depth (kcal/ 
mo!). • Distance at the minimum (A). From refs 17 and 39. 

space group, cell parameters, and atomic positions, 
much in the same style as in X-ray single-crystal 
structure analysis .. The answer here is definitely ano''. 

Undoubtedly, no true prediction in the above sense 
can be accomplished without calculating the crystal 
potential energy, but one. fundamental point is the 
choice of the best coordinates for the energy space. 
Intramolecular structure can be described by just a 
few (mostly torsional) conformational parameters, full 
relaxation of intramolecular vibrational degrees of 
freedom being pointless, since coupling with intermo­
lecular vibrations is negligible. The location of mol­
ecules in the cell is described by three translational 
and three rotational rigid-body coordinates (restric­
tions apply for some point-group symmetries). Rather 
than using space groups and cell parameters, it is 
more convenient38 to start from the constituents of 
spacial symmetry, that is, the four basic symmetry 
operators (inversion center, screw, glide, and transla­
tion); molecular clusters are built under their action, 
and their energies are calculated by empirical poten­
tials. In this procedure, molecular conformation must 
be assumed as fixed, and the fact that polymorphs may 
exist with different molecular conformations is one 
addition to an already uncomfortably long list of 
difficulties. Anyway, a number of promising clusters 
are selected and are translated in space or coupled 
with other operators until a full three-dimensionally 
periodic crystal structure is reached.42 One advantage 
of this procedure is that, say, a two-molecular cluster 
over a center of symmetry can be used to try both Pl 
and P2i/c. The most questionable featUie is that there 
is no guarantee that a stable cluster will actually 
appear in the crystal, whose stability is determined 
by the overall features of its three-dimensional struc­
ture. 

(42) Gavezzotti, A. PROMET: A Program for· the Generation of 
Possible Crystal Structures from the Molecular Structure of Organic 
Compounds, and Space Group Symmetry: A Primer. University of 
Milano, 1993 (available from the author upon request). Using this 
program is an excellent way_ of learning the basics of space group 
symmetry. 
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Methods38•43 which involve an exammation of a great 
many possible crystal structures, using strategical 
shortcuts and sequential sieves, may be called "static". 
Their success in full prediction has been modest, but 
encouraging; they should be helpful when auxiliary 
information-from spectroscopy, powder or partial 
single-crystal diffraction, or structural correlation to 
similar compounds-is available. The construction of 
stable aggregates is made much easier when the 
consideration of predominant hydrogen-bonding 
schemes is possible. 44 

A "dynamic" approach uses Monte Carlo or molecu­
lar dynamics calculations. 45- 47 The starting point is 
a collection of molecules in random orientations,- and 
the predicted equilibrium state is the result of averag­
ing over a large configurational space, or of evolution 
in time after solution of the classical equations of 
motion. In both cases, molecular interactions must 
be calculated by empirical potentials, which retain 
their pivotal role in the whole procedure. Computing 
times increase steeply with the number of molecules 
in the statistical sample and put a severe strain even 
on present-day machines. Ideally, this approach al-· 
lows the simulation of the complete phase behavior . 
of the substance, as a function of temperature and : · 
pressure. Although its scope and promise are cer- · 
tainly wider than those of the static approach, only 
the reproduction of the crystal structure ofbenzene48 

and a few other organic molecules46 has been achieved 
so far, and a definite proof that such methods can give 
an "!lllequivocal solution to the problem of crystal 
structure prediction has not been produced. The 
author of the present paper would be more than happy 
if this statement could be falsified in the near future. 
The computer software described and used in ref 46 
(presumably the best available at the moment) is now 
being commercialized by a profit company (module 
"Polymorph" of the CERIUS package, by Molecular 
Simulations). 

Polymorphism 

Does the blame for the present, hardly satisfactory 
situation lie with technicalities? Ia it just a matter of 
better path-finding algorithms and faster computers, 
or are there other basic obstacles to crystal structure 
prediction by calculations? There are. All computa­
tions and experiments demonstrate that many crystal 
structures for the same compound have quite similar 
lattice energies, or heats of sublimation. The.L\H0 of 
a medium-size organic molecule is 20-50 kcaVmol; 
heats of melting (Mlm) are typically 1/ 3 of L\H8; 

enthalpy differences between crystalline phases49 

must be, in all evidence, just a fraction of Mlm, or 
something like 1-5 kcal/mole: just the range of 
experimental uncertainties of L\H9 's on which empiri­
cal potentials are calibrated. Besides, crystalline 

(43) Holden, J. R.; Du, Z.; Ammon, H. L. J. Comput. Chem. 1993, 14, 
422-437. 

(44) See, for example: Zerkowski. J. A.; Whitesides, G. M. J. Am. 
Chem. Soc. 1994, 116, 4298-4304. 

(45) Linert, W.; Renz, F. J. Chem. Inf. Comput. Sci. 1993, 33, 776-
781. 

(46) Karfunkel, H. R.; Gdanitz, J. R. J. Comput. Chem. 1992, 13, 
1171-1183. 

(47) Perlstein, J. J. Am. Chem. Soc. 1994, 116, 455-470. 
(48) Gdanitz, R. J. Chem. Phys. Lett. 19112, 190, 391-396. 
(49) A vast literature deals with differences in solution enthalpies and 

phase transformation enthalpies of polymorphic phar:m.aceuticals; typical 
results are from a few down to fractions of a kcaVmol. For one example, 
see: Kojima, H.; Kiwada, H.; Kato, Y. Chem. Pharm. Bull. 1982, 30, 
1824-1830. See also ref 32 and references therein. 
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Table 2. Organization and Tools of an Ideal Department of OrJanic Solid State Chemistry 

experimental 

synthetic chemistry 
commercially available compounds 

( re )crystallization 
studies of nucleation 
studies of morphology 
systematic search for polymorphs 

standardized studies of dissolution 

X-ray crystallography 
single crystal 
powder and Rietveld 

thermochemistry 
differential scanning calorimetry 
thermogravimetry 
vapor pressure measurements 

solid-state NMR 

ultramicroscopy (SEMfrEM, AFMl" 

theoretical 

Cambridge Structural Database 

First-principles calculations on sample systems 

empirical methods 
crystal potentials 

lattice dynamics 

search of crystal potential hypersurfaces 

Monte Carlo methods 
molecular dynamics 

0 The acronyms refer to surface visualization techniques: scanning and tunneling electron microscopy; atomic force microscopy. 

phases with higher enthalpy are usually less dense 
and, hence, will tend to have a higher vibrational 
entropy; thus, free energy differences are likely to be 
even smaller than enthalpy differences. And, above 
all, thermodynamic laws are systematically violated 
by organic crystals; witness the frequent observation 
of coexisting and (even more outrageously) separately 
melting polymorphs. Kinetic aspects are crucial here. 

Even a casual consideration of the literature on 
polymorphi.sm60 provides convincing evidence that this 
phenomenon is pervasive. Therefore, the problem 
should not be formulated as prediction of the crystal 
structure of an organic compound, but as (1) genera­
tion of a set of polymorphs, (2) unequivocal detection 
of the most stable one at a given temperature, and 
(3) modeling of the nucleation kinetics to determine 
which phase will actually appear under given condi­
tions. Empirical potentials may be intrinsically too 
crude to handle the thermodynamic aspects of the 
problem, unless it is proved (as we are presently trying 
to do,51 with reasonably good chances of success) that 
the approximations do not affect comparisons oflattice 
energies and vibrational entropies of polymorphs.52 

There is no sound and well-accepted method for 
treating the kinetic aspects of crystal nucleation and 
of phase transformations at a molecular level, al­
though pioneering contributions, again using molecu­
lar dynamics methods, have appeared. 53 

(50) See the extensive production of Kuhnert-Brandstaetter and co­
workers; an entry point to this literature is the following: Kuhnert­
Brandstaetter, M.; Solliger, H. W. Mi.krochim. Acta (Wien) 1990, III, 
247-268. 

(61) Filippini, G.; Gavezzotti, A. Work in progress. 
(52) When the use of empirical methods is questionable, one should 

go beck to first principles; but crystal structure prediction for an organic 
compound by quantum chemical calculations is at present, and most 
likely will be in the not-so-near future, impossible, since calculations 
without electron correlation are useless, and calculations including it 
are unfeasible. Carefully designed calculations on small key systems 
are; however, vital for a better understanding of intermolecular forces. 
Even a cursory mention of the vast literature in the field would be beyond 
the scope of this Account. 

(53) (a) Bartell, L. S. J. Phys. Chem. 1990, 94, 5102-5109. (b) Chen, 
J.; Bartell, L. S. J. Phys. Chem. 1993, 97, 10646-10648. 

(54) Such a laboratory could be set up in an academic environment 
with a,~ ;nitial investment of about 2 million dollars, and work with a 
yearly budget ofhali .i million-peanuts in comparison with, esy, m.iney 
allocations for fancy lugh-energy physics machinery whose applicative 
spinoffa, if any, i:.rn much more problematic. 

Concluding Remarks 

Organic solid state chemistry is still a sporadic 
discipline. Organic solid state problems are ap­
proached from different points of view, with different· 
methods and for different purposes: vapor pressures 
of solids are measured for · pesticides; densities for 
explosives; heats of fusion and solubilities for phar­
maceuticals. Crystallographers just consider solids as 
stiff containers for the molecular systems they want 
to study. Prior to solution of the structure prediction 
problem, the principles of organic solid state chemistry 
should be worked out by a deliberate and coordinated 
effort. The ideal laboratory for this task might be 
organized as in Table 2: its specific purpose should be 
a systematic study of large classes of organic solids 
for the establishment of the thermodynamic, kinetic, 
and structural principles of the organization of matter 
in solids at a molecular level. 64 

In the absence of such a chimeric entity, the state 
of the art in organic crystal structure prediction can 
be summarized by saying that we are still at the stage 
of exploration and data collection, with a reasonable 
amount of data organization. The problem is, at least, 
being seriously considered, methods are being devel­
oped and tested, and pieces of the puzzle are slowly 
falling into place. A cooperation between statistical 
studies on available crystal structures, energetic stud­
ies based on crystal thermodynamics and kinetics, and 
static or dynamic computational techniques will pre­
sumably guide theoretical chemists to real predictions 
of crystal structure without their having to synthesize 
the molecule. Whether this will be for the next years 
or the next decades remains to be seen. The ideas and 
the work summarized in this Account will (hopefully) 
be acknowledged as preliminary but useful, and in­
dispensable in paving the way. 

Massimo Simonetta founded in the 1960s an X-ray and 
structural chemistry laboratory in. Milano; incentives to the 
study of crystal packing came originally from the author's 
collaboration with him and other members of that group and 
were later corroborated by suggestions from the discussions 
with J. D. Dun.itz. In. recent times, the valuable cooperation 
of Giuseppe Filippini is gratefully acknowledged. This paper 
is dedicated to the memory of my wife, Alessandra Gara. 
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Risperdal;:;.;;..Cont. 

Respiratory System, Disorders: Infrequent: hyperventiJa, 
tion, bronchospasm,: pneumonia; stridor.·.Rare:. asthma; in­
creased sputum, aspiration. 
Skin.and Appendago;Dlsorders:· Frequent: increased.pig, 
mentation•, photosensitivity". Infrequent: increased-sweat­
ing,, ,acne,. decreased sw~ating·, ~opecia, hyperkeratosis, 
pruritus, skin ,exfoliation. Rare: buUovs eruption, skin ul­
ceration, aggravated psoriasis, funmculosis, verruca, der­
matitis lichenoid, hypertrichosis, genital pruritus, urticaria. 
Cardiovascular Disorders: Infrequent:. palpitation, hyper­
tension, hypotension, AV block, myocardial infarctioI_l: Rare: 
ventricular tachycardia, angina pectoris; premature atrial 
contractions, T wave .inversions, ventricular extrasystoles, 
ST-depression•, myocarditis. · 

· Vision Disorders: Infrequent: abnormal ·.accommodation, 
xerophthalmia., Rare:' diplopia,. eye pain,:blepharitis, pho­
topsia,. photophobia, abnormal, lacrimation. 
Metabolic and-NutritionatDisorders: , Infrequentc:hypona­
tremia, ,weight.increase, creatine phosphokinase increase; 
thirst, weight decrease, diabetes mellitus.-Rare: decreased 
sernm, iron;· cachexia,.-dehydration,ohypokalemia, hypopro­
teinemia, hyperphosphatemia,-hypertrigly~eridemia, p.yper-
uricemi{:l,, h~glycemia~L· , . u. 
Urinary System Disorders: Frequent: polyuria/polydipsia~. 
Infrequent: urinary. incontinenre., he:inaturia, dysuria. Ran,: 
urinary.,retention, cystitis, renal insufficiency .. ., ,. · 
Musculo-ski>letal System Disorders: Infrequent:. myalgia. 
~are: art.hrosjs, synost;osis;, bursitis, arthritis; skeletal pain. 
Reproductive Disorders, Female: · lt'n,quent: menorrhagia*, 

·orgastic.dysf'w>c~tion~, dry- v~~na•. ,Infrequent: ·nonpuer, 
peral lactation, amenorrhea., female breast pain, \eukor­
rhea, mastitis,.dysme_norrhea,. female perineal pain, inter­
menstrual .bleeding, vaginal hemorrhage_. 
Uver, and .B_i/iary, System, Disorda=. Infrequent: .incre9.!!!l(i 
SGOT, increased SGPT. Rare:, hepatic failure, cholestatic 
hepi,.tjtis,,.cholecystitia, !'holelithiasis, hep~titis, hepatocel· 
lular damage. . . .. • . 
Platelet,. Bleeding and Clotting. Disorders: .Infrequent: epi­
staxis, ,purpura . .- Rare:, he~orrhage,. superficial _phlebitis, 
thrombophlebitis, thr:ombocytopenia.. · '"· , . .. . · .. 
Hsarfng.and_ .. Vestibular D!sordors:-·: fl.are: tinnitus, hypera-
cusis,. decreased hearing.,.-, ,,, .. :- . ·_.,. 
Red .Blood Call Disorders: Infreq,µ,nt:_. aneipi!_l, ,hypochro-
mic ~emia. R~:, normocytic a,nemia. .. . . . . 
Reproductive Disorders, Male:, Frequent: erectile: dysfunc-
tion~-. lnfreq,µmt: ejaculationJailure. ; , , 
White Ce/land Resist11nce Disorders: &re: leukocytosis; 
lymphadenopathy, leucopenia, Pelger,Huet· anomaly:_, __ . 
Endocrine Disorders~ •. Rare:, gynecomastia, male breast 
pain, antidiuretic.hormone.disordJ!r.,,,:.,_-a; . _:. _;_ ,-
Special.Stmses:, .. Rare: bitter.taste .... ,• 
• Incidence ,based on elicited reports. _- '. 
Post introduction Reports:;, Adverse .events reported since 
market.introduction. which.were temporally.(but.not neces­
sarilyrcausally), related to RISPERDAL®. therapy,. include 
the following: anap_hyla<;tic reaction, angi_oedemar, apnea, 
atrial fibrillation, _cerebrovasculer disorder, diabetes.melli­
tus. aggravated, _incluciip.g diahetic.J<.e~ac/dosisrintestinaj 
o~~tructio?,, jaundice, mania~ P1¥.1~atitis, Par~son's, <l:is­
ease :aggravated, pulmonary embolism .. Toerc1,have·been 
rare, rePQ:r:ts, of sudden death and/(!! cardio!!lllm'l~ ."rrest 
Ml. Patients ,receiving RISPERDAL®. A causal relatioll}3hip 
with.RISPERDAL®.has not been established. It.is impor­
tant to note that sudden ·anc1 unexp/leted deatli may~ in 
psychotic:,. patients .whether. they remain untreated., or 
w!>,ether they_ are .treated. with other antipsychotic drugs. , . 

DRUG ABUSE'AND DEPENDENCE,' 
Controlled Substance Cl,flss: · RISPEIIDAL®_ (nsperidonei 
is not a controlled substance. ' "· '· . " 
Physical and Psycho.logic Dependence: RISPERDAL®has 
notbeen. systema_ti~ly studie~·m ,¢mals or:humarui for 
its potential for abuse, to!eranc'! ·or physical ·.dependence. 
While the clinical trials did not reveal any tendency for any 
drug-seeking behavior,. these observations were not system­
atic and it fs not p9s~i.ble to predict on the basis of this llin­
ited experience' the extent·to: which a CNS-active drug will 
be misused; diverted and/or ·abused once marketed. Conse­
quently, patients should be evaluated·cru-efully·for a history 
of drug abuse, and 'such patients should.be observed·closely 
for_'.signs 'of°):USPERDAJ.,®'misuse 9r aoui,e (e.g., develop­
m~nt of tolerance, i_ncreases in dose, drug-see~g behav-
ior). · ' '· · 

, •. ,.,1 
. OVERDOSAGE , 

Human, Experience: Premarketing experience included 
eight. reports of•acute•.-RISPERDAL® overdosage, witb esti­
mated•doses•rangirig-from 20 to 300 mg and no fatalities. In 
general; reported,signs•and symptoms·were those-resulting 
from.an exaggeration of the drug's known pharmacological 
effects, i.e., drowsiness and sedation; tachycardia and hypo­
tension, and extrapyramidal symptoms. One case, involving 
an- estimated overdose of 240 mg; was- associated- with ·hy­
ponatremia, hypokalemia, prolonged QT,- and widened ·QRS. 
Another case, involving an•eatimated overdose·of 36·mg, 
was associated with· a seizure. Postmarketing experience in­
cludes reports of,acut.e RISPERDAL® overdosage, with es­
timated doses of up . to 360 mg. In general; the most fre. 
quently ·reported -signs and symptoms ,are those resulting 
from• an exaggeration· of the drug's known pharmacological 
effects, i.e., drowsiness, sedation, tachycardia and· hypo­
tension. Other adverse events reported since market intro­
duction which were temporally, (but not necessarily caus-

ally) related to RISPERDAL® overdose, include prolonged 
QT interval, convulsioOB, cardiopulmonary arrest, and rare 
fatality. associated with multiple drug overdose. 
Management of Overdosage: In case of acute overdosage, 
establiah and maintain an ,µ,way and ensure adequate oxy­
genation and ventilation. Gastric lavage (after intubation, if 
patient is unconscious)· and administration of activated 
charcoal together-with a· laxative should be considered. The 
possibility of obtundation, .seizures or dystonic reaction of 
the head and neck following overdose may create a risk of 
aspiration with induced emesis. Cardiovascular monitoring 
should corumence immediately and should include continu­
ous·'electrocardiographic' monitoring to detect possible ar­
rhythmias. If antiarrhythmic therapy is administered; dis­
opyramide, procainamide and quinidine carry a theoretical 
hazard of QT-prolonging effects that- might be additive to 
those of risperidone. Similarly, it is reasonable -to •expect 
that the alpha-blocking properties ofbretylium·might be ad­
ditive to those of risperidone, resulting in problematic hypo-
tension. _. 
There·is no specific antidote to RISPERDAL®. Therefore 
appropriate supportive measures should be instituted. The 
possibility of multiple drug involvement should be consid­
ered. Hypotension and circulatory collapse should. be 
treated with appropriate measures such as intravenous flu­
ids and/or sympathomimetic agents (epinephrine and dopa­
mme should not be used, since beta stimulation may worsen 
hypotension in the setting of risperidone-induced alpha 
blockade). In· cases of severe extrapyramidlil ·symptoms, 
anticholinergic medication should be administered. Close 
medical supervision and monitoring should, ·continue until 
the patient recovers. 

DOSAGE AND ADMINISTRATION' 
Usual Initial Dose: RISPERDAL® (risperidone) can be, ~d­
ministered on either a BID or a QD schedule. In early clin­
ical trials, RISPERDAL® was generally administered at 1 
mg BID initially, with increases in increments of-1-mii·BID 
on the second and third day, as tolerated, to a target.dose of 
3: mg BID by the third day. Subsequent controlled trials 
have indicat.ed that total daily risperidone doses of rip .to 8 
mg on a QD regimen are also safe and effective, However, 
regardless of which regimen is employed, in· some patients a 
slower titration-may be medically appropriate. Further·dos­
age adjustments, if indicated, should generally·occur-at,in­
tervals of not less than 1 week, since steady state_. for,tlle 
active metabolite would not be achieved for approximately 1-
week in the typical patient. When dosage adjustments are 
necessary, small increments/decrements of 1-2 mg are·rec- · 
ommended. . .- ' " 
Antipsychotic efficacy was demonstrated in a.dose range-qf,4 
to 16 mg/day in:the clinical.trials supporting effectiveness of 
RISPERDAL®, however, maximal effect was generally seen 
in a range of 4 to 8 mg/day. Doses above 6-mgiday for 'BID 
dosing were not demonstrated to be more efficacious than 
lower doses, were associated with more extrapyramidal 
symptoms and other adverse effects, and are. no_t generally 
recommended. _In a single.study supportjng,,QD.' dosing; the 
efficacy results were ·generally stronger-.for 8 mi{ than,for,4 
mg. The safety· of dose~ abo~e 16 mg/day has not.been.eval-
uated .in cfu\ical trials.. , . -., , . :;._,, <. · . 
l!'ediatric, Use: Safety ,t,md effecti".:,n~~• in .pe\liatric, pa· 
tients have _not.been establish"4. . ·, ._,_.,. ., , 
Dosage in Special Populations: The recommended initial 
dose.is 0.5 mg. BID ,in patients who are elderly or debili­
tated,. patients with. severe 'renal or. hepatic impairment, 
and patients either preilii,po~ to Jiypotension or. for\vhom 
hypotension .would' pose a risk .. Dosage incre_aBes in these 
patients ~!>oi.tld.be. in.increments of no.more. than 0.5 ~g 
BID. Increases-to dosages above. 1.5, mg .BID ~\iould gener­
ally .occiµ-.. 'at intervals.of afleast,1-week. In soine patients, 
slower.titration may.be medically°appropriaj;e. '-:-,_'.~.;. , 
Elderly or ilebilitated patients, and patients with:renal im­
pairment, may have less ability to eliminate RISPERDAL® 
than -normal adults. P.atients with impaim.d l).,epati;c;. func­
tion may hav_e, inc,:e_as_es in the· fr.e!' . fractiQri of . tbe 
risperidone, possibly .resulting in' an enlianced 'effect (See 
CLINICAL 'PHARMACOLOGY'l.: Patients _with a ·.predisp<i'. 
~ition to hypotensive i-e~9r;.sJ or. for .. whO~. ~':lch reiictjons 
would pose- a particular risk likewise neoo·,to· be,,titrated 
cautiously and carefully ,m\)nitoi'eq· (See. ):'~CA lJTIONS): 
If a once-a-day-aosing· regim~n in the, elderly',or debili,t;ated 
patient is ·being conside,:ed, ,it'.is .. _recommenp.ed 'that the pa· 
tient be titrated on a twice-a-day. regimen for, 2-3 days at 
the target dose, Subsequent switches to a orii:e~a-day dosing 
regimen can be done thereafter. . , . ., 
Maintenance Therapy:· .. While there is no body of eV1dence 
available to answer the question of how long the patient 
treated with.RISPERDAL® should remain.on it,.the.effec, 
tiveness of. maintenance treatment is .. well establiahed-for 
many other antipsychotic drngs. It is recommended that re­

, sponding patients be.continued on RISPERDAL®, but at 
the ·lowest dose-needed to maintain remission .. Patients 
should be periocj.ically reassessed to determine the need for 
maintenance treatment. 
Reinitlation, of ·Troetment in Patients Previously Discontin­
ued: Although there are no data to specifically address 
reinitiation of treatment, it is recommended that· when 
restarting patients· who have had an interval · off 
RISPERDAL®, the initial titration schedule should he fol­
lowed. 
Switching from Other Antipsychotics: There are no sys• 
tematically· collected .data to specifically address switching 
from other· antipsychotics to RISPERDAL®, or· concerning 
concomitant administration with. -other. antipsychotics. 

Information will be superseded by supplements and subsequent editions 

While immediate discontinua 
chotic. treatment may be·accep 
gradual discontinuation may 
patients. In all cases, the 
chotic administration shoul 
paJ;ient;s_ from depot antipsy 
ate; initiate RISPERDAL®· 
scheduled injection. The ·ne 
medication should he·reevalu 

ROW SUPPLIED 
RISPERDAL® , (risperidone) =tablet: 
"JANSSEN?., and either ~Rill•-~ tlia , 

, or "R~ and the strength "1•· :12• •a• ~ 
0.25 mg dark yellow tablet:.'~tiesort~ 
bottles of,500, NDC:50458-30I;i;o: , .; 
0.5 mg red-brown.tablet: bottles of SO . 
bottles of 500;ND9'50458-302:-5o; • . ND;' · 
1 mg white·tablet: bottles of60 NDc ~ 
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pack•of.100,NDC,50458°320.0f ;bottle:.~ 
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330-50 I , ,. • • ; 

4 mg green tablet:·bottles of.60,NDC-sru 
pack of 100 NDC 50458-350-01: ' · 
RISPERDAL® (risperidone) l mg1mL 
50458-305-03) is supplied in 30nw .. 
(in milligrams .and. millilitem) pipette. 
brated .. volUJl!e is O,l!5 m.l,,.,_while, the' . 
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-4·I .f4~[2.[!(2!!*,4§*)·2·(2,4-dichlo­
b111Yll t ·!zol-l-ylmethyll-1,3-dioxolan-4-
;i,2,4· n era;inyllphenyl]-62-1,2,4-triazo­
yll•l ::;t (.,. )-1-[(R*)-sec-butyl]-4-[£-[4-[ii· 
.·::_10rcphenyl)-2-(1!!-l,2,4-triazol-1-yl-

4!4.ylhnethoxy] phenyl]-1-piperaziny I] 
Jin-5-one 

or 
·IJ>"i4·[.e-[f(2_!!,4§l•2-(2,4-dichlorophe-
1_yl!nethyD-1, ~-dioxolan-4-yl] meth­
yl].phenyll '6 -1,2,4-triazolm-5-one 

roolecular formula of C35H3aCl?NaO, and 

1 
of 705.64. It is a white to slightly ye!­

. • o]uble in water, very slightly soluble 
"';"5 soluble in dichloromethane_. It has a 

y trapolation of values obtamed from 
and a log (n-octanol/water) partition 

&!. . 
es contain 100 mg of itraconazole 

s. Inactive ingredients are gelatin, 
ylcellulose, polyethylene glycol (PEG) 

titsnium diox,de, FD&C Blue No. 1, 
&C Red No. 22 and D&C Red No. 28. 

COLOGY 
Metabolism: NOTE: The plasma 
below· were measured by high-per­

matography (HPLC) specific for 
nazole in plasma is measured by a 

ported are approximateli,_ 3.3 times 
btained by HPLC due to the presence of 
lite, hydroxyitraconazole, (See MICRO-

etics ofitraconazole after intravenous ad­
its absolute oral bioavailability fro.m an 
studied in a randomized crossover study 

e volunteers. The observed absolute oral 
itraconazole was 55%. 
ability of itraconazole is maximal when 
conazole) Capsules are taken with a full 

cokinetics of itraconazole were studied in 
volunteers who received, in a crossover de­
mg doses of itracon8%0le as a polyethylene 
· or without a full meal. The same 6 vol-

50 mg or 200 _mg with a full meal in a 
this study, only itraconazole plasma 

measured. The respective pharmacoki-
for itraconazole are presented in the table 

iop of page] 
RANOX® dose results in approximately a 

in~the'itracona.zole plasma ·conr.entra-

the table below represent data from a cross­
. etics study in which 27 healthy male vol­
k a single 200-mg dose of SPORANOX® 

'thout_ a full meal: 
right] 
azole under fasted conditions in indi­

·ve or absolute achlorhydria, such as pa-
or volunteers taking gastric acid secretion 
H, receptor antagonists), was increased 

X® Capsules were administered with a 
· ghteen men with AIDS received single 
PORANOX® Capsules under fasted con­

ofwater or 8 ounces of a cola beverage 
gn.. The absorption ofitraconazole was in­
RANOX® Capsules were coadministered 
ge, with AUC0-24 and Cmax increasing 

95% :: 128%, respectively. 
men received single 200-mg doses of 

Capsules under fasted conditions either 1) 
~th water, after ranitidine 150 mg b.i.d. for 
th cola, after ranitidine 150 mg b.i.d. for 3 
RANOX® Capsules were administered af­

atment, itracona7..ole was absorbed to a 
when SPORANOX® Capsules were ad­

:with decreases in AUCo..24 and Cm= of 
and 42% ::: 39%, respectively. When 

Capsules were administered with cola after 
trnent, itraconazole absorption was com­

observed when SPORANOX® Capsules were 
alone. (See PRECAUTIONS: Drug Interac-

ntrations were reached within 15 days 
doses of 50 mg to 400 mg daily. Values given 

are data at steady-state from apharma• 
which 27 healthy male volunteers took 

X® Capsules b.i.d. (with a full meal) for 

right) 
binding of itraconazole is 99.8% and 

conazole is 99 .5%. Following intravenous' 
the volume of distribution of itraconazole 
185 liters. 
metabolized predominately by the cyto-

IBoenzyme system (CYP3A4), resulting in 
era! metabolites, including hydroxyitra .. 
metabolite. Results of a pharmacokinet-

1'ilh t itraconazole may undergo saturable 
• bernult1ple dosing. Fecal excretion of the par­
·drug tween 3-18% of the dose. Renal excretion 

:_ ... _ 1B less than 0.03% of the dose. About 40% 
·~•ted as mactive metabolites in the urine. 

JAl\l::,::,t:l\l/1HU1 

50mg 100mg 100 mg 200 mg .. 
(fed) (fed) (fasted) (fed) 

Cmax (ng/mL) 45 ± 16* 132 :!: 67 38 :!: 20 289 :!: 100 

T"""'(hot1;rsl 3.2 ± 1.3 4.0::: 1.1 3.3 ± 1.0 4.7 :!: 1.4 

AUCo.- (ng•h/mL) 567 ± 264 1899::: 838 722 ± 289 5211 :!: 2116 

*mean ::t: standard deviation 

Itraconazole Hydroxyitraconazole 

Fed Fasted Fed Fasted 

C,,,.. (ng/mL) 239::: 85* 140 :!: 65 397 ± 103 286 :!: 101 

Tmax(hours) 4;5 ± 1.1 3.9::: 1.0 5.1 ± 1.6 4.5 :!: 1.1 

AUCo:.,,. (ng•h/mL) 3423 ::: 1154 2094::: 905 7978 ± 2648 5191 ± 2489 

tm (hours) 21::: 5 21::: 7 12::: 3 12 ± 3 

*mean ::: standard deviation 

Itraconazole Hydroxyitraconazole 

Cm=·(ng/mL) 2282 ::: 514' 3488 :!: 742 

Cmin (ng/mLl 1855 ± 535 3349 ± 761 

'fm.iu: (hours) 4.6::: 1.8 3.4 :!: 3.4 

AUCo.,2h (ng•h/mL) 22569 ::: 5375 38572 ± 8450 

t 112 (hours) 64::: 32 56 :!: 24 

No single excreted metabolite represents more than 5% of a 
dose. Itraconazole total plasma clearance averaged 
381 :!: 95 mI.lminute following intravenous administration. 
(See CONTRAINDICATIONS and PRECAUTIONS: Drug 
Interactions for more information.) 
Special Populations: 
Renal Insufficiency: A pharmacokinetic study using a sin­
gle ZOO-mg dose of itraoonazole (four 50-mg capsules) was 
conducted in three groups of patients with renal impair­
ment (uremia: n=7; hemodialysis: n=7; and continuous am­
bulatory peritoneal dialysis: n=5). In uremic subjects with a 
mean creatinine clearance of 13 ml/min. X 1.73 m 2, the bio­
availability was slightly reduced compared with normal 
population parameters. This study did not demonstrate any 
significant effect of hemodialysis or continuous ambulatory 
peritoneal dialysis on the phermacokinetics of itraconazole 
(Tmor, Cm.., and AUCo..a), Plasma concentration-versus-time 
profiles showed wide intersubject variation in all three 
groups. 
Hepatic Insufficiency: A pharmacok.inetic study using a 
single 100-mg dose ofitraconazole (one 100-mg capsule) was 
conducted in 6 healthy and 12 cirrhotic subjects. No statis­
tically significant differences in AUC were seen between 
these two groups. A statistically significant reduction in 
mean c_ (47%) and a twofold increase in the elimination 
half-life (37 ::: 17 hours) of itraconazole were noted in cir• 
rhotic subjects compared with healthy subjects. Patients 
with impaired hepatic· function should be carefully moni­
tored when taking itraconazole. The prolonged elimination 
half-life ofitraconazole observed in cirrhotic patients should 
be considered when deciding to initiate therapy with other 
medications metabolized by CYP3A4. (See BOX WARNING, 
CONTRAINDICATIONS. and PRECAUTIONS: Drug Inter­
actions.) 
Decreased Cardiac Contractility: ·When itraconazole was 
administered intravenously to anesthetized dogs, a dose­
related negative inotropic effect was documented. In a 
healthy volunteer study of SPORANOX® Injection (intrave­
nous infusion), transient, asymptomatic decreases in left 
ventricular ejection fraction were observed using gated 
SPECT imaging; these resolved before the next infusion, 12 
hours later. If signs or symptoms of congestive heart failure 
appear during administration of SPORANOX® Capsules, 
SPORANOX® should be discontinued. (See CONTRAINDI­
CATIONS, WARNINGS, PRECAUTIONS: Drug Interac­
tions and ADVERSE REACTIONS: Post-marketing Experi­
ence for more information.) 
MICROBIOLOGY 
Mechanism of Action: In vitro studies have demonstrated 
that itraconazole inhibits the cytochrome P450-dependent 
synthesis of ergosterol, which is a vital component of fungal 
cell membranes. 
Activity In Vitrn and In Vivo: ltraconazole exhibits in vitro 
activity against Blastomyces dermatitidis, Histoplasma cap­
sulatum, Histoplasma duboisii, Aspergillus flauus, &pergil­
lus fumigatus, Candida albicans, and Cryptococcu.s neofor­
mans. Itraconazole also exhibits varying in vitro activity 
against Sporothrix schenckii, Trichophyton species, Can­
dida krusei, and other Candida species. The bioactive ·me­
tabolite, hydroxyitraconazole, has not been evaluated 
against Histoplasma capsulatum and Blastamyces dermati­
tidis. Correlation between minimum inhibitory concentra­
tion (MIC) results in vitro and clinical outcome has yet to be 
established for azole antifungal agents. 
ltraconazole administered orally was active in a variety of 
animal models of fungal infection using standard laboratory 

*mean ::!: standard deviation 

strains of fungi. Fungistatic activity has been demonstrated 
against disseminated fungal infections caused by Blastomy­
ces dermatitidis, Histoplasma duboisii, Aspergillus fumiga­
tus, Coccidioides immitis, Cryptococcus neoformans, Para~ 
coccidioides brasiliensis, Sporothrix schenckii, Trichophyton 
rubrum, and Tric/wphyton nwntagroph_vtes. 
ltraconazole administered at 2.5 mg/kg and 5 mg/kg via the 
oral and parenteral• routes increased survival rates and 
sterilized organ systems in normal and immunosuppressed 
guinea pigs with disseminated Aspergillus fumigatus infec­
tions. Oral itraconazole administered daily at 40 mg/kg and 
80 mg/kg increased survival rates in normal rabbits with 
disseminated disease and in immunosuppressed rats with 
pulmonary Aspergillus fumigatus infection, respectively. 
Itraconazole has demonstrated antifungal activity in a va­
riety of animal models infected with Candida albicans and 
other Candid.a species. 
Resistance: Isolates from several fungal species with de­
creased susceptibility to itraconazole have been isolated in 
vitro and from patients receiving prolonged therapy. 
Several in vitro studies have reported that some fungal din• 
ical isolates, including Candid.a species, with reduced sus­
ceptibility to one azole antifungal agent may also be less 
susceptible to other azole derivatives. The finding of cross­
resistance is dependent on a number of factors, including 
the species evaluated, its clinical history, the. particular 
azole compounds compared, and the type of susceptibility 
test that is performed. The relevance of these in vitro sus­
ceptibility data to clinical outcome remains to be elucidated. 
Studies (both in vitro and in vivo) suggest that the activity 
of amphotericin B may be suppressed by prior azole anti­
fungal therapy. As with other azoles, itraconazole inhibits 
the 14C-demethylation step in the synthesis of ergosterol, a 
cell wall component of fungi. Ergosterol is the active site for 
amphotericin B. In one study the antifungal activity of am­
photericin B against Aspergillus fumigatus infections in 
mice was inhibited by ketoconazole therapy. The clinical sig­
nificance of test results obtained in this study is unknown. 

INDICATIONS AND USAGE 
SPORANOX® (itraconazole) Capsules are indicated for the 
treatment of the foHowing fungal infections in immunocom­
promised and non-immunocompromised patients: 
1. Blastomycosis, pulmonary and extrapulmonary 
2. Histoplasmosis, including chronic cavitary pulmonary 

disease and disseminated, non-meningeal histoplasmo­
sis, and 

3. A.spergillosis, pulmonary and extrapulmonary, in pa­
tients who are into1erant of or who are refractory to am­
photericin B therapy. 

Specimens for fungal cultures and other relevant laboratory 
studies (wet mount, histopathology, serology) should be ob­
tained before therapy to isolate and identify causative or• 
ganisms. Therapy may be instituted before the results of 
the cultures and other laboratory studies are known; how­
ever, once these results become available, antiinfective ther­
apy should be adjusted accordingly. 
SPORANOX® Capsules are also indicated for the treatment. 
of the following fungal infections in non-immunocompro­
mised patients: 
1. Onychomycosis of the toenail, with or without fingernail 

involvement, due to dermatophytes (tinea unguium), and 
2. Onychomycosis of the fingernail due to dermatophytes 

(tinea unguium). 

Continued on next page 
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Sporanox Caps--Cont. 

Prior to initiating treatment, appropriate nail specimens for 
laboratory testing (KOH preparation, fungal culture, or nail 
biopsy) should be obtained to confirm the diagnosis of ony-
chomyc;osis. · · . . . . . 
(See CLINICAii PH.ARMACOtOGY: Special Populations; 
CONTRAINDICATIONS;·WARNINGS~·and ADVERSE RE­
ACTIONS: Piist:-·marketing- Experience for more--informa-­
tion.) 
Description' of ·clinica[Studias:. 

with SPORANOX®. (See BOX WARNING, and PRECAU­
TIONS: Drug Interactions.) 
SPORANOX® should not be administered for the treatment 
of onychomycosis to·.pregnant patients or to women contem­
plating pregnancy. 
SPORANOX® is contraindicated for patients who have 
shown hypersensiti~ty F~~ itraconazole or its excipients. 
There is no information regarding cross-liypersensitivity be:­
tween· itraconazole and other azoJe•antifungal·agents. Cau­
tion- should- be--used when· prescribing- SPORANOX® to-pa­

. tie_"ts· wij:11 hyperse_nsiti_~ty 1:0. other µoles. 

WARNINGS·· 
SPORANOX® (itracomi.zole) Capsules and SPORANOX® 

Blastomycosis:. Analyses were conducted on data from.two 
open-label,-non'-eoncurrently controlled studies (N=73 com-­
bined) in patients with normal or abnormal immune.status. _ _- Orf:!1 Soluti<>_'!_. ~J:ioul_d ·not b!J used _i_nterchangeably,_ 'Dus is 
The me~ dose was 200 mg/day. A response for most signs because_ drug exposure is _greater 'with the Oral Solution 
and symptoms was-observed-within-the :firat-2 weeks, and .. t.!;>l',n ."!'1th: t!i~ _Capsule~. vs:te'! the same dose· of-drug is 
all signs and ·symptoms cleared,between 3 and 6 months. given. In·_addition,-the topical effects of mu~sal ,exposure 
Results of-these-two-studies demonstrated--substantial evi- may be different between the two ,formulations. Only the 
dence· of the effectiveness of itraconazole for the ·treatment . Oral Solution has· been,,demonstrated effeetive .for oral 
of·blastomycoais--compared ·with· the natural history of un- and/or esophageal candidiasis. -" . ·.. ·. · . · 
treated cases... Hepatic Effects: ·. SPORANOX® has· been associated with 
Histoplasmosis: · •Analyses were conducted-on data from rare.casescof serious hepatotoxicity,,incl'!'ding liver f':'11~ 
two ·open-label, non,concurrently .controlled.studies (N=34 __ ":~~-d~ath; ~°.?'!:Yr t~ese cases~~ ne~~e_r pre-<:~•~ng 
~ombined)_ 1!l patie_nt.s '!"it!) p.orm_al_o, abnorm!!l .. immune _ li':'e: ili~_ase _nor a senous underlymg medical c~11dition ... If 
status (not. including,,filV-mfected patients). The median-. .c~cal signs or sympto_ms develop that are consistent Wlth 
dose.was 200 mg/day. A response for. most signs.and. symp:: · hver disease, the__ n_sks and ben_i:fits • of continued 
toms was observed within the first 2 weeks, and all signs .SP,QRANOX® us7,should be reassessed, (See PRECAU­
and-symptoms cleared between 3 and-12,months. Results of .. _'fI0!'1S, In_.f!,rmation fo~ Patie'!c_ts and_ ADVER§.E RF..AC-
these two studies demonstrated substantial evidence of.the -TIONS.) . . •-c 
effectiveness-of itraconazole-for-the-treatment of-hi.stoplru!- _Ciiidiac_Dy~rhythm,ia!I: Life-threatgning ~a? dysrhyth-
mosis compared with the natural history of untreated· _m1as and/or sudden death have occurr:ed m ,patients usmg 
cases.-1 

_ ciSapride._..,pimozide, __ .or _quinidin6. ·concomitantly ___ with 
Histoplasmosis, in HIV;infected patients: Data from· ·a· SPORANOX® and/or other CYP3A4. inhibitors.,Concollll-
small·number of HJVsinfected patients suggested that·the . tant.'administration_of_these...drugs. witli.SPORANOX®_is 
response rate of liistoplasmosi.s in HIV-infected patients is contraindicated. (See BOX WARNING, .CONTRAINDICA-
similar' to $at'·of non"HIV-infected patients:-- The clinical TIONS, and PRECAUTIONS: Drug.Interactions.).. .. __ 
course ofhistoplasi:nosis in HIV-infected patients.is.more se- Cardiac Disease: SPORANOX® Capsules should not be 
vere and usually requ.ires maintenance therapy, to prevent . adniiiiis~red-fori tli~ '"freatme~ 'i,f O!}Yci.'Omyoosifin 'pa, 
relapse:··· _.:,_·_, __ :. •.1·:: . . ,· '· .;.f!',:r :. • ,__ tient.s.with evidence.9fventricular _dysfunction,such:~i:urcon--
Aspergillosis:, Analyses•wi:re"conducted 0;,_:data'from an ge.stive heart. failure_·_,(CHF),._or .. ·,a ,.his_tory:~ of, CHF. 
open-label; "single-patient>usef,'i,rotocol designed to, make SPORANOX®:€apsules should not·be used .for other-indica, 
itraco:hazoJe,available,in•thivU:S: fot•patients,who 'either tions in patients with evidence of,~~I\tri_cular~5iysf\ulc1;io!! 
failed or. were. intolerant "<lf' aniplioteiicin .. B: therapy unless the benefit clearly outweighs the..ris~,'""~"' ,,,,,,,,n; 
(N=190),: The !iiidings·were:corrooorated oy two smaller For. patjents-with risk factors for .congestive h~,failuie; 
openslabel studies,(N'=31' oofubiriedl in the same:j>atient physicians.should,.carefully .revi,,:w,the:ris~ _and,benefits,of 
population. Most 'adhlt'patients'were treated witli a daily SPORANOX® therapy, These,-risk.facto_rs,,include,cardiae 
dose-of 200 to 400'mg,witli'a' mediair duration' of:f months, dis-,ase. such. as ,ischemic. and.,valvaja:r disease; ,signifiC8,ll,t 
Results-of these studies demonstrated ·sulistantial·evidence pulmonary <_lisease. such: as_,clirrnl;ic ·obstructive pulmonary 
of effectiveness of.itraconaiole:as·a second-line therapy for disease;_!l,!ld.::re_nal f'1-il,ure,an1i':Qther,e<lemstoll!! dis<;>rders. 
tlie' treatment" oflaspei'gillosis' compared -witn,the ·natural Such. p_atients,should,be,i.nforme<l of. the .signs,-and, symp,-, 
history <iflhe disease-fu,patients'who either failed-or were toms of-<,HF,.should:be•treated,with caution,-and should.be 
intolerilrit of'iimphotl.riciiJ!B"therapy!•~ ·, , .· .. ·c;,,,.,- moµitored.for sig:Q.Ef·,,µ,d_-,sympE')msc,of) GHF. during. treat-
Onychomycoslir'ohhe·toenail:"·>·Analyses were"rondricted ment.,If. signs_ or symptoms,of CHF. appear du,ring-a<iminis-
on data from three double-blind, placebo-controlled' studies ~tion_ of SP,QRANOX®.9apsul~, discontinue administra: 
(N=214:·total;'110 given SPORANOX®;C::apsitlesFin·which tion, ,• . · ;_-:,· .. ~,·-·•,: ··.• ••. ,,-:.1.,· . 
patienis·with'iiriychomycos:is·of tne toenails receive<! 200'mg When itraconazole was administered intravenously to anes- · 
of SPORANOX®'Capsules· ·oncii''daily'for 12 'consecutive thetized dogs; a ·dose,related,negative-inotropic,effect·:was 
weeks:, Resillti( of tiiese studies' d\ainonstrated· my co logic documented. ·ln,a ,healthy volunteer,atudy of SPO~OX@· 
cure, '·defmoo as' simultiineous• ocetUTende·of•negative"KOH Injectiom_(i!l.tr.avenous·. illfusion)., transient, .asymptomatic 
plus negativ:ljiciilture;-in M'fdilfpatients:'!1ifrty:fiife·p,;rceiit: decreases,in,leftventricular,ejection-fractionwere obsezyed 
(35%) of patieii.ts·were considered 'an·overall'siiccess · (myro- using gated SPEC'lhimagiI>g; ,these resolve<l,befQre,the next 
logic·cure phis clear 9r'niinimal'uail'involvement'with:sig~ infusiqn;:12.hours later,.;•" ' , .. · .-, ., ,,.... : .• , . 
nificantly. decreased·•signs) ·and' 14%-of patients demon- Oases of. CHF;, peripheral·,edema, :andcpulmonary,edema 
strated'mycologic cure'plus,clinicaJ!i,ure (clearance of all have.been reported.in the post-marketing-.period,among pa, 
signs, with''or·without residual nail deformify):The ineru:i tients being.treated:for onychomycosis'and/or-systemic,fuh-
tiine to·overall'imcciiss was approximately 10 months: '!,wen, gal infections,,(See,CLINICAL.PHARMACOL0GY: Special 
ty'<iiie·percent'(21%) iifthe'overall'iiuccess group hrufa·re- Populations:, G0NTRAINDICATI0NS;. PRECAUTIONS: 
lapse (worsening iiftlie global score or-conversion of KOH or Drug-.Interactions, ·and AD¥ERSE REA€TIONS: ·Post-mare 
culture·fi'om'neg!itive•to;p<>sitive). •;, • . _. '· '· · ·.. keting.Experience for, more•·mformation,Y. -,.:, ,· , :, .'•~,,. 
Onychomycosis of'.ttie•.flrigernail: "Analyses·=";ere COD.' PRECAl.ITIONS' .,_ ;;'O. .... ··.: ).).'.'..:·.,.~ 

dueted on; data· from' a--double-blind; 'placiHio-controlled General: Hepatic. enzyme tes~ values should be monit:,;'~ 
study (N=73 total;' 37''given ·sPORANOX® Capsules) in in patients with· pre,:i!xisting hepatiiifunction 'abriobnalities 
which patients. with onychomycosis of'the .fingernails're- or those who have· experienced liver toxicity 'with other 
ceived·a l-week·course··(pulse).of 200 mg or'SP0RAN0X® medications. Hepatic enzyme test'values should be ·mohl; 
Capsules b..i.d!; followed' 'by a· 3:week' period without tored'periodically'iii' all patients ·receivm.g cootmuou.s trea~ 
SPORANOX®, which was followed by,a second !'week.pulse ll!e'nt f'!i: f,iqre _than 1 ~6'nth;)r a,t any tiin~ a pa ti/in~ _de-'. 
of.200.mg.of SPORANOX®.Capsules b..i.d. Results,demon, velops.signs or symptoms suggestive of liver dysfunction'., .. 
strated mycologi.c cure-iii°61% ofpatie,;ts, Fifty-six percent SP,ORANOX® (itmconaiole)" Capsul~s shouid;be ~dniliiia~ 
(56%) of patients were ·considered an.overall success .and tered after a fullmeal.-(See CLINICAL PHARMACOLOGY, 
47% of patients·. demonstrated mycologic cure plu.s·•ciinfoal Pliarmaco_kinetics.and Metabo. !ism.) ~ . . _._ _·_ ... 
cure .. The mean time to overall success _was.approximately 5 u b 
months. None,of.the patients who achieved overall success µder fasted·,conµiti!)ns,._itraconazole;a sorption ,was ·d.e, 
relap· sed. · · · · .. s..• · . -- · .. · · creased in the presence of decreased·gastrfoacidity._ The.ab, 

sorption of itraconazo!e may be decreased with tbe concom, 
CONTRAJNDICATIONS·'• , itant administration of antacids. or gastric;acid· secretion 
Congestive ·Hea·rt Failure:- · SPORANOX®·(iti'aconazole) supp_ressors.- Studies conducted under, fasted: con!litions 
Capsules should _not be administered 'for the treatment of demonstrated that .administration. with. a· ounces of a cola 
onychomycosis·in patients with evidence,ofventricitlai'dys- beverage resujted·m increase<! absorptio'n of.itraconazole in 
function such as congestive heart.failtire(CHF)or a history AIDS patients with relative or absolute achlorhydria. This 
of-CHF.'(See CLINICAL-PHARMACOLOGY: Special Popu- increase.relative to the effects of a full.meal is unknown. 
!ations, WARNINGS, ·PRECAUTIONS: 'Drug Interactions- (See CLINICAL PHARMACOLOGY: Pharmacokinetics and 
Calcium Channel Blockers,-and'ADVERSE·REACTIONS: Metabolism .. ) . -, •. ,. , .. ,:._ .. 
Post-marketing Experience.)" ' . Information for .Patients: 
Drug. Interactions: Concomitant administration of • '):'he_ topical effects of mucos~.exposure may be different 
SPORANOX® (itraconru:ole) Capsules, Injection, or Oral So- between the SPORANOX® Capsules and Oral;Solution. 
lutirin· and certain· drugs· metaliolized by the cytochrome Only; the Oral Solution. has been demonstrated effective 
P450 3A4 isoenzyme system (CYP3A4) may result. in: in, for. oral and/or esophageal candidiaais.- SPORANOX® 
creased p_lasma concentrations of-those drugs;' leading to po- Capsules should not be used interchangeably. with 
tentiaJly, serious and/or· life-threatening adverse events. SPORANOX® Oral Solution., 
Cisapride,- oral midazolam, pimozide, quinidine, dofetilide, • Instruct patients• to take -SPORANOX® Capsules with a 
and triazolam are contraindicated with SPORANOX®. full meal. 
HMG CoA-reductase inhibitors metabolized by CYP3A4, • Instruct patients about,the signs and symptoms of conges-
such as lovastatin and simvastatin, are also contraindicated tive-heart failure, ·and if these .signs.or symptoms occur 

during SPORANOX® admi:nistrat1 · . 
!IDue S_PORANOX® and·contact;~·tl,z;-;'. 

· lllllllediately.'. · · __ · .. - -­
•· Instruct-patients_ to report any sigfur -· · 
, may·suggest_ liver_dysfuilction ·so:tJiat~": 
oratory testing:can, be--done:-,Such.· · _qi 
may include unusual fatigue;:~ <::id 
vomiting, jaundice, _dark urine, or pale • ~ 

• Instruet;patients. to-contact_·theJrph~ 
any concomitant ·medications ,with.i~ 
there,are no potential drug.in~ · · 

Drug l_n~eractiol'!s:.', ltraco~!"-'and:.ita.~'"' 
hydroxyitracona:zole:: are:·inhib1toi-s,ofceyp,,.A.l 
the followmg·drug•interactions,may...:oi:cor(l!e;: 
low-· and the ·following··diµg,classrsub~ ~ 
1. SPORAN0X® may decrease,1;tte:~' 

tabolized by CYP3A4,-resulting,in,~ vf 
ce_ntrations of these drugs-when,tJ.ey me,-. 

· with,SPORANOX®:: 'l'heserelevated.~ 
ti<ins may,increase ,or .prolong both:, 

· .vers<i,effects,of.these:drugs,_WJi~·"'-'"'"l:_i!!!!ibla.-1,t,,,,... 
concentratio_ns :o_f•,theserrdi;"ngs! shouli·be . 
-and dosage,· adjustmenta .. 11,niade;.<'after" CO 
SPORANOX® therapy is.initiated; Wbett 
clirucal monitormg for sig,is or :ef,p.ii,rojfui cf~ 
profonged, pliamJ.ilcofogic'e'Jre'cts'.is"'~ J 
tin)llltion; dop~ndihg, on thir:dose 'ahil4duiati:' 
iµ~~_t,. i~~~~':1-Zole ~.l8.Bmfi~.~n¢eiit-rat.ion& 
ally (espeoally_; i,,. patients•with'h•P.atici 
tliose re!"'iving CYP3A.4 Jpliibi~}. frn,i, 
important wlie_\l initil\ti/):gJhernpy.witl,'..__. 

· tabolism is affected W'iuacofuizo1i!:•u · --".I!' 
2._ ~d','f~!': o!.~3A4 niay_d~rease theplwima 

.. ,e,,'?:_k!jta:::;:'tJ[i~~OX<llYinay nut., 
. thes€ drugs_. Tli~r~foret.:cllii· .g 
. with SPORANOX®.'is .. not rel:o 

3. Other inhib/tors of,'CYP3A:4':'.may·~ G. 
. , ~n~~nt:rations ··r,fif¥,f~~l~?P8.1:f~t.i;1z~ m\Jlli 
. SP_O~OX!lp, concoinitruit]y_ witli.,one ·or!!'- · 

sn¢'u1.d ti<.-inoriitored ~1~rieh•ifoi'•;&~ 
_cr,;lase_d> ,or ·prolong~r;l-::-pµarmacolugic. cit-., 

[~e~Pf~?l~/1' g~;~~-;~~l~;~ ;'.:: · __ · 
Antiiirrhythinfcs: ThiCclaiis 'IA°"antiairliythmi; 
iilid '.,t;;,,.- ri:I'anfia:rrhy'thmic dc5fe'tiliiiJ am imam [ 
t:lie QT.in:tei'va1: Coadriiirii.4tnilii<iii<lt'.I1'1i,l:idTt rr;c 
with- SPORANOX® fuay. in'creaiie· pWwia.' " · , · 
quinidine or dofetilide which could resultjq son= 
vascular events .. The~fore, COIJ.roiin· - . -
sPo°RANox®' an:a' · 'uirildili't\"' ""® 

- cat.Iii. (~e Box·wAfrnrnatco · .... · :,,~ . ~=r~/ adhiinistratioil 'or'dig;;:tili. ~ sroM-~ 
!w.led to'.increase<l plailinid,on' .... of.~,in. 
Anticonvulsants: "Reduct\cl;'.°~pj -~;,.. ,A;: 
itraconazole were reported'whlin .. bmw-"" 
istered,concomitantly :with phenytoin:'Catii~ne. pll,· 
noliaroital;-'ano. f,henywii;,.''iii?·all •iridru:eri1,n.lY!".lM.JJ ,' 
tbough1interactiona 'witli:~b~-=-~iilllll;:;. 
liaVE(:·not;bCCn·-stUdieaf;cbnOOmitant ·~. ·.· ·-t:r&:108:tlt;, 
SP0RANOX® and''these afugi{,wm:tld lie-~ oo l'lllllif: 
in decreased plasma concentrations of:i~ 1n ~· · 
tiO~~- ~ill_- -~·l\ro: _s~d.~eS·~~~~~·-:c,.enio¥9t#~~-~- . 
plasma·carbamaz_ epine · concentratiims:m:~ ~-, ;a;".;, 
tantlyreceiving ketoconazole. Altlio\igh·tliere sri "'~ 
regarding the effect of-itraconazole oi:;;,;af'!i~Uli ..:I 
taoolliiin; because' of tlio-similanties"oetween' . . 
ruid - • itraconazole," concri:in,tant· ,i,~, ·"" .:,jt 

SPORANOX® and carl:iiunazepfue may·inhibitth: ~, 
lism of cilrbrurii.tzE!p:ine'.-· r~ •t•m,, :~ ; 1

~''.'.'.,. X-. . , --~· -. 
A. 'nti~ycobact~rials:. ,. Drug iliteracti .. :.a~~--, :k~-I, 
onstrated,that· plasma'·concentratio"!' of: IW!l" a:!--.., 
agen~_wd ~;'!i'~etabolite5tinclud~~;i~ "";. 
ciro~¥.,con."'.'~le, were' s1_~tlcru_itltb'y·d~~,:'~..,._, 1 agentswere,given .. conconuta;,: .YY" ~~-:~. Ir 
Iriyp·viv3· o·data8··,p•u0· ~-· ,~utthat. rifa?~~l'~~Jj·;~t ··th~_ .e·inetd.-··: .::r_..-At_f 
~ .. A:4.' .n.,,.nOX® maY:'~,,1 : • ;~ 
rifabutin. ·Although no formal•study,'datil·-~ . ~ ... 
isoniazi_d;. similar.· effects, should'be::antii:ipa~,,...,., 
the efficacy of SP_ORANOX® could .lie si.ibstan •. ~ ·,....iii.;;. 
if'given·cimcomitantly with one of:'these age~~ 
tration is·.notreconimended: ,. __ C-'>' ·._ ·-:'':'. ~ f 
Antineoplastic:s:. SPORANOX® may ~_:i tlii; - • ( 

!is~ ofbusu}fan,d~c<itru.'el(and•vi~":'~ .;;tfi-:, 
Ant,psychotics: .. Pimoz1de ,s known to1)IOIIUllr tit! · 
terv_al ·and is_partialll'. metsbo!ize,Fliy-~4:_ ·• ,11,i*.; 
tration of-p1mozide with SPORANOX,®. ~~t~~ 
O\IS cardiovascular events,·T!ierefore,coneifulttalil:,.. ' 
tration of SPORANOX® and pimozide is ~~ 
(See BOX WARNING, CONTRAfNDlC~,>." 
WARNINGS:) 'l .• '• . . · . •ii)~1:.>; .::":'."t:J) .... _' 

Benzodiazepines:: Concomitant,'-' a~~ 
SPORANOX®•and alprazolam,:c!iazePaxn;!rw,,-~ 
or triazolam could lead to increased-plasma~ 
of these benzodiazepines; Increased _Plasma-~, 
could.potentiate-and prolong hypnotu: and~=-, 
Concomitant administration of SPO~O • C,Ol): .. 
dazolam or,triazolam is contraindicatedi (Sea: . r.A 
DI CATIONS· and. WARNINGS:HfrinidazO!""F111 

, 
tered .parenterally, special precaution ·and P-:i-pf, 
ing ·is required _since the sedative effect·m11l" " .. · 
Calcium Channel Blockers:•; Edema·has,~,ar'· 

, patients·concomib!ntly,receiving SPORAN . ;· 
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ciUJll channel blockers. Appropriate dosage 
be necessary. 
blockers can have a negative inotropic ef­
be additive to those of itraconazole; 

•bit the metabolism of calcium channel 
,lihydropyridines (e.g., nifedipine and felo­

il. Therefore, caution should be used 
ring itraconazole and calcium channel 

CAL PHARMACOLOGY: Special Popu­
DICAT!ONS, WARNINGS, and AD-

ONS: Post-marketing Experience for more 

pressors/Neutralizers: Reduced plasma 
of itraconazole were reported when 

sules were administered concomitantly 
tagonists. Studies have shown that ab­

le is impaired when gastric acid pro­
. Therefore, SPORANOX® should be 

a cola beverage if the patient has achlm,­
H2-receptor antagonists or other gastric 
tacids should be administered at least 1 

after administration ofSPORANOX® 
· tudy, when SPORANOX® Capsules 
with omeprazole (n proton pump inhibi­
ility of itraconazole was significantly re-

'Motility Agents: Coadministration of 
·th cisapride can elevate plasma cisapride 
bich could res ult in serious cardiovascular 
ore concomitant administration of 
"th cisapride is contraindicated. {See BOX 

!CATIONS, and WARNINGS.) 
ibitors: Human pharmacokinetic 

RANOX® inhibits the metabolism of• 
statin, lovastatin, and simvastatin, 
the risk of skeletal muscle toxicity, in­
ysis. Concomitant administration of 

G CoA-reductase inhibitors, such as 
tin; is contraindicated. (See CON­
WARNINGS:) 
Concoinitant administration of 

sporine or tacrolimus has led to in­
trations of these immunosuppres­

inistration of SPORANOX® and 
plasma concentrations of sirolimus. 

: Erythromycin and clarithromycin 
of CYP3A4 (See Table 1) and may in­
ntrations of itraconazole. In a small 

· dy involving ·HIV infected patients, 
shown to increase plasma concentra-

ly, following administration of 
thy! succinate and 200 mg 

,ilo~s, the mean Cmax and AUCo--, of 

itraconazole increased bv 44% (90% Cl: 119-175%) and 36% 
(90% Cl: 108-171 %), respectively. 
Non-nucleoside Reverse Transcriptase Inhibitors: N evi0 

rapine is an inducer of CYP3A4. In vivo studies have shown 
that nevirapine induces the metabolism of ketoconazole, 
significantly reducing the bioavailability of ketoconazole. 
Studies involving nevirapine and itraconazole have not 
been conducted. However, because of the similarities be­
tween ketoconazole and itraconazole, concomitant adminis­
tration of SPORANOX® and nevirapine is not recom­
mended. 
In a clinical study, when 8 HIV-infected subjects were 
treated concomitantly with SPORANOX® Capsules 100 mg 
twice-daily and the nucleoside reverse transcriptase inhibi­
tor· zidovudine 8 :!: 0.4 mg/kg/day, the pharmacokinetics of 
zidovudine were not affected. Other nucleoside reverse tran­
scriptase inhibitors have not been studied . 
Oral Hypoglycemic Agents: Severe hypoglycemia has been 
reported in patients concomitantly receiving azole antifun­
gal agents and oral hypoglycemic agents. Blood glucose con­
centrations should be carefully monitored when 
SPORANOX® and oral hypoglycemic agents are coadminis­
tered. 
Polyenes: Prior treatment with itraconazolet like other 
azoles, may reduce or inhibit the activity of polyimes such as 
amphotericin B. · However, the· clinical significance of this 
drug effect has not been clearly defined. 
Protease Inhibitors: · Concomitant . administration of 
SPORANOX® and protease inhibitors metabolized by 
CYP3A4, such as indinavir, ritonavir, and saquinavir, may 
increase plasma concentrations of these protease inhibitors. 
In addition, ·concomitant administration of SPORANOX® 
and indinavir and ritonavir (but not saquinavir) may in­
crease plasma concentrations of itraconazole: Caution is ·aa·­
vised when SPORANOX® and protease inhibitors must be 
given concomitantly. 
Other: 
• In vitro data suggest that alfentanil is metabolized by 

CYP3A4. Administration with SPORANOX® may in­
crease plasri:ia cOncentrations of· alfentanil. 

• Human pharmacokinetic data suggest that concomitant 
administration ofSPORANOX® and buspirone results in 
significant .increases in plasma concentrations of bus­
pirone. 

• SPORANOX® may inhibit the metabolism of methylpred­
nisolone. 

• In vitro data suggest that trimetrexate is extensively me­
tabolized by CYP3A4 .. In vitro animal models have dem­
onstrated that ketoconazole potently inhibits the metabo­
lism of trimetrexate. Although there are no data regard­
ing the effect of itraconazole on trimetrexate metabolism, 
because of the similarities between ketoconazole and 

· 1. Selected Drugs that are predicted to alter the plasma concentration of itraconazole 
or have their plasma concentration altered by SPORANOX®' 

Drug plasma concentration increased by itraconazole 

digoxin, dofetilide, 2 quinidine2 

carbamazepine 

rifabutin 

busulfan, docetaxel, vinca alkaloids 

pimozide2 

alprazolam, diazepam, midazolam,2·3 triazolam2 

dihydropyridines, verapaniil 

cisapride2 

atorvastatin, cerivastatin, lovastatin, 2 simva~tatin2 

cyclosporine, tacrolimus, sirohmus 

oral hypoglycemics 

indinavir, ritonavir, saquinavir 

alfentanil, buspirone, methylprednisolone, trimetrex.ate, warfarin 

DeCrftase plasma concentration of itraconazole 

carbamazepine, phenobarbital, phenytoin 

isoniazid, rifabutin, rifampin 

eutralizers antacids, H2~receptor aritagonists, proton pump inhibitors 

nevirapine 

Increase plasma concentration of itraconazo1e 

clarithromycin, erythromycin 

indinavir, ritonavir 
llaive. 

""1 ~RANOX® based on clinical and/or pharmacokinetics studies. (See WARNINGS and below.) 
· ' · rally admjnistered midazolam, see the Benzodiazepine paragraph below. 

itracona:zole, concomitant administration of 
SPORANOX® and trimetrexate may inhibit the metabo­
lism of trimetrexate. 

• SPORANOX® enhances the anticoagulant effect of cou-
marin-like drugs, such as warfarin. 

Carcinogenesis. Mutagenesis, and Impairment of fertility: 
Itraconazole showed no evidence of carcinogenicity potential 
in mice treated orally for 23 months nt dosage levels up to 
80 mg/kg/day (approximately lOX the maximum recom­
mended human dose [MRHD]). Male rats treated with 25 
mg/kg/day {3,lX MRHD) had a slightly increased incidence 
of soft tissue sarcoma: These sarcomas mav have been a 
consequence of hypercholesterolemia; which is a response of 
rats, but not dogs or humans, to chronic itraconazole admin­
istration. Female rats treated with 50 mg/kg/day 
(6.25x MRHD) had an increased incidence of squamous cell 
carcinoma of the lung (2150) as compared to the untreated 
group. Although the occurrence of squamous cell carcinoma 
in the lung is extremely uncommon in untreated rats, the 
increase in this study was not statistically significant. 
ltraconazole produced no mutagenic effects when assayed in 
DNA repair test (unscheduled DNA synthesis) in primary 
rat hepatocytes, in Ames tests with Salmonella typhimu• 
rium (6 strains l and Escherichia coli, in the mouse lym­
phoma gene mutation tests~ in a sex-linked recessive lethal 
mutation (Drosophila melanogaster) test, in chromosome 
aberration tests in human lymphocytes, in a cell transfor­
mation test with C3H/10T½ Cl8 mouse embryo fibroblast. 
cells, in a dominant lethal mutation test in male and female 
mice, and in micronucleus tests in mice and rats. 
Itraconazole did not affect the fertility of male or female 
rats treated orally with dosage levels of up to 40 mg/kg/day 
{5X MRHD), even though parental toxicity was present at 
this dosage level. More severe signs of parental toxicity, in­
cluding death, were present in the next higher dosage level, 
160 mg/kg/day (20x MRHD). 
Pregnancy: Teratogenic effects. Pregnancy Category C: 
Itraconazole was found to cause a dose~related increase in 
maternal toxicity, embryotoxicity, and teratogenicity in rats 
at dosage levels of approximately 40-160 mg/kg/day 
(5-20X MRHD), and in mice at dosage levels of approxi­
mately 80 mg/kg/day (lOX MRHD). In rats, the teratogenic­
ity consisted of major skeletal defects; in mice, it consisted 
of encephaloceles and/or macroglossia. 
There are no studies in pregnant women. SPORANOX® 
should be used for the treatment of systemic fungal. infec­
tions in pregnancy only if the benefit outweighs the poten­
tial risk. SPORANOX® should not be administered for the 
treatment of onychomycosis to pregnant patients or to 
women contemplating pregnancy. SPORANOX® should not. 
be administered to women of childbearing potential for the 
treatment of onychomycosis unless they are using effective 
measures'to prevent pregnancy and they begin therapy on 
the second or third day following the onset of menses. ·Effec­
tive contraception should be continued throughout. 
SPORANOX® therapy and for 2 months following the end of 
treatment. 
Nursing Mothers: ltraconazole is excreted in human milk; 
therefore, the expected benefits of SPORANOX® therapy for 
the mother should be weighed against the potential risk 
from exposure of itraconazole to the infant. The U.S. Public 
Health Service Centers for Disease Control and Prevention 
advises RN-infected women not to breast-feed to avoid ·po· 
tential transmission of lilV to uninfected infants. 
Pediat,ic Use: The efficacy and safety of SPORANOX® 
have not been established in pediatric patients. No phanna­
cokinetic data on SPORANOX® Capsules are available in 
children. A small number of patients ages 3 to 16 years have 
been treated with 100 mg/day of itraconazole capsules for 
systemic fungal infections, and no serious unexpected ad• 
verse effects have been reported. SPORANOX® Oral Solu­
tion ·(5 mg/kg/day) has been administered to pediatric pa• 
tients (N=26; ages 6 months to 12 years) for 2 weeks and no 
serious unexpected adverse events were reported. 
The long-term effects of itraconazole on bone growth in chil­
dren are unknown. In three toxicology studies using rats, 
itraconazole induced bone defects at dosage levels as low as 
20 mg/kg/day (2.5X MRHD). The induced defects included 
reduced bone plate activity, thinning of the zona comp>1cta 
of the large bones, and increased bone fragility. At a dosage 
level of 80 mg/kg/day (]OX MRHD) over 1 year or 
160 mg/kg/day (20x MRHDl for 6 months, itraconazole in, 
duced small tooth pulp with hypocellular appearance in 
some rats. No such bone toxicity has been reported in adult 
patients. 
HIV-Infected Patients: Because hypochlorhydria has been 
reported in HIV-infected individuals, the absorption of 
itraconazole in these patients may be decreased. 

ADVERSE REACTIONS 
SPORANOX® has been associated with rare cases of seri­
ous hepatotoxicity, including liver failure and death. Some 
of these cases had neither pre•existing liver disease nor a 
serious underlying medical condition. If clinical signs or 
symptoms develop that are consistent with liver disease, 
the risks and benefits of continued SPORANOX@ use 
should be reassessed. (See WARNINGS: Hepatic Effects and 
PRECAUTIONS: Information for Patients.) 
Adverse Events in the Treatment of . Systemic Fungal 
Infections 
Adverse event data were derived from 602 patients treated 
for systemic fungal disease in U.S. clinical trials who were 
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immunocompromised or receiving multiple concomitant 
medications. Treatment was discontinued in 10.5% of pa­
tients due to adverse events. The median duration before 
discontinuation of therapy was 81 days (range: 2 to 776 
days). The table lists adverse events reported by at least 1 % 
of patients. 

Treatment of Systemic Fungal Infections: 
Adverse Events Occurring with an Incidence of Greater 

than or Equal to 1 % 

Body System/Adverse Event · Incidence {%1 (N=6021 

Gastrointestinal 
Nausea 
Vomiting 
Diarrhea 
Abdominal Pain 
Anorexia 

Body as Whole 
Edema 
Fatigue 
Fever 
Malaise 

Skin and Appendages 
Rash'' 
Pruritus 

Central/Peripheral 
Nervous System 

Headache 
Dizziness 

Psychiatric 
Libido Decreased 
Somnolence 

Cardiovascular 
Hypertension 

Metabolic/Nutritional 
Hypokalemia 

Urinary System 
Albuminuria 

Liver and Biliary System 
Hepatic Function Abnormal 

Reproductive System. Male 
Impotence 

11 
5 
3 
2 
1 

4 
3 
3 
1 

9 
3 

4 
2 

3 

2 

3 

* Rash tends to occur mo~e frequently in immunocompro-
mised patients receiving immunosuppressive medications. 

Adverse events infrequently reported in all studies included 
constipation, gastritis, depression, insomnia. tinnitus, men­
strual disorder, adrenal insufficiency, gynecomastia, and 
male breast pain. 
Adverse Events .Reported in Toenail Onychomycosis 
Clinical Trials 
Patients in these trials were on a continuous dosing regi­
men of 200 mg once daily for 12 consecutive weeks. 
The following adverse events led to temporary or perma­
nent discontinuation of therapy. 

Clinical Trials of Onychomycosis of the Toenail: 
Adverse Events Leading to Temporary or Permanent 

Discontinuation of Therapy 

Adverse Event 

Elevated Liver Enzymes 
(greater than twice the upper limit 
of normal) 

Gastrointestinal Disorders 

Rash 

Hypertension 

Orthostatic Hypotension 

Headache 

Malaise 

Myalgia 

Vasculitis 

Vertigo 

Incidence lo/ol 
ltraconazole 

(N:112) 

4 

4 

3 

2 

The following adverse events occurred witb an incidence of 
greater than or equal to 1 % (N=ll2): headache: 10%; rhini­
tis: 9%; upper respiratory tract infection: 8%; sinusitis, in­
jury: 7%; diarrhea, dyspepsia, flatulence, abdominal pain, 

dizziness, rash: 4%; cystitis, urinary tract infection, liver 
function abnormality, myalgia, nausea: 3%; appetite in• 
creased, constipation, gastritis, gastroenteritis, pharyngitis, 
asthenia, fever, pain, tremor, herpes. zoster, abnormal 
dreaming: 2%. 
Adverse EvlBnts Reported in Fingernail Onychomycosis 
Clinical Trials 
Patients in these trials were on a pu]se regimen consisting 
of two 1-week treatment periods of 200 mg twice daily, sep­
arated by a 3-week period without drug. 
The following adverse events led to tern porary or perma­
nent discontinuation of therapy. 

Clinical Trials of Onych0mycosis of the Fingernail: 
Adverse Events Leading to Temporary or Permanent 

Discontinuation of Therapy 

Adverse Event 

Rash/Pruritus 

Hypertriglyceridemia 

Incidence (%1 
ltraconazole IN=371 

3 

3 

The following adverse events occurred with an incidence of 
greater than or equal to 1 % (N=37): headache: 8%; pruritus, 
nausea, rhinitis: 5%; rash, bursitis. anxiety, depression1 con­
stipation, abdominal pain, dyspepsia, ulcerative stomatitis, 
gingivitis, hypertriglyceridemia, sinusitis, fatigue, malaise, 
pain, injury: 3%. 
Post-marketing Exi,erience 
In worldwide post-marketing experience with 
SPORANOX® Capsules in treatment of onychomycosis 
and/or systemic fungal infections, peripheral edema, aller­
gic reactions, i~cluding rash, pruritus, urticaria, angioe­
dema, and, in rare instances, anaphylaxis and Stevens­
Johnson syndrome, have been reported. Post-marketing ex­
periences have also included reports of elevated liver 
enzymes and rarely liver failure. Rare cases of congestive 
heart failure and pulmonary edema have been reported, 
Rare cases of alopecia, hypertriglyceridemia, menstrual dis­
orders, and neutropenia, and isolated cases of neuropathy 
have also been reported, although the causal association 
with SPORANOX® is uncertain. {See CLINICAL PHAR­
MACOLOGY: Special Populations, CONTRAINDICA­
TIONS, WARNINGS, and PRECAUTIONS: Drug Interac­
tions for I11ore information). 

OVERDOSAGE 
Itraconazole is not removed by dialysis. In the event of ac­
cidental overdosage, supportive measures, including gastric 
lavage with sodium bicarbonate, should be employed. 
Limited data exist. on the outcomes of p;.tients ingesting 
high doses of itraconazole. In patients taking either 1000 
mg of SPORANOX® (itraconazole) Oral Solution or up to 
·3000 mg of SPORANOX® (itraconazole) Capsules, the ad­
verse event profile was similar to that observed at recom­
mended doses. 

DOSAGE AND ADMINISTRATION 
SPORANOX (itraconazole) Capsules should be taken with a 
full meal to ensure maximal absorption. 
SPORANOX Capsules is a different preparation than 
SPORANOX Oral Solution and should not be used inter­
changeably. 
Treatment of Blastomycosis and Histop!asmosis; The rec­
ommended dose is 200 mg once daily (2 capsules). If there is 
no obvious improvementt or there is evidence of progressive 
fungal disease, the dose should be increased in 100-mg in­
crements to a maximum of 400 mg daily. Doses above 200 
mg/day should be given in two divided doses, ,, 
Treatment of Aspergillosis: A daily dose of 200 to 400 mg 
is recommended, 
Treatment in Life-Threatening Situations: 1n life-threaten­
ing situations, a loading dose should be used whether given 
as oral capsules or intravenously. 
• IV lajection: the recommended intravenous dose is 200 

mg b.i,d. for four consecutive doses, followed by 200 mg 
once daily thereafter. Each intravenous dose should be in­
fused over 1 hour. The safety and efficacy ofSPORANOX® 
Injection administered for greater than 14 days is n·ot 
known. See complete prescribing information for SPORA­
NOX® (itraconazole) Injection. 

• Capsules: although clinical studies did not provide for a 
loading dose, it is recommended, based on phannacoki­
netic data, that a loading dose of 200 mg (2 capsules) 
three times daily (600 mg/day) be given for the first 3 days 
of treatment. 

Treatment should he continued for a minimum of three 
months and until clinical parameters and laboratory tests 
indicate ·that the active fungal- infection has subsided. An 
inadequate period of treatment may lead to recurrence of 
active infection. 
SPORANOX® Capsules and SPORANOX® Oral Solution 
should not be used interchangeably. Only the oral solution 
has been demonstrated effective for oral and/or esophageal 
candidiasis. 
Treatment of Onychomycosis: Toenails with or without 
fingernail involvement: The recommended dose is 200 mg 
(2 capsules) once daily for 12 consecutive weeks. 
Treatment of Onychomycosis: Fingernails only: The rec­
ommended dosing regimen is 2 treatment pulses, each con­
sisting of 200 mg (2 capsules) b.i.d. (400 mg/day) for 1 week. 
The pulses are separated by a 3-week period without 
SPORANOX.® . 

1 ... 4...,P...,..,.♦,nn "'"" ho c:1,.,,0.rc:.MM hv c::.11nnlP.mPnt,; anrl subseouent editions 

HOW SUPPLIED 
SPORANOX® (itr_aconazole) Capsules 
tammg 100 mg of1traconazole, with 
pmk transparent body, imprinted 
"SPORANOX 100." The capsules a 
blister packs of 3 X 10 capsules 
bottles of 30 caps':'les (NDC 50458-29 
PulsePak® contammg 7 blister packs, • 
(NDC 50458-290-28). x . 
Store at controlled room temperature,15• . .c' 
Protect from hght and moisture. 
Keep out of reach of children. 
© Janssen 2001 
U.S. Patent Nos. 4,267,179; 5,633,015 
Distributed by: . 
JANSSEN PHARMA.CEUTICA PRODUCTSJ 
Titusville, New Jersey 08560, USA , , 
Capsule contents manufactured by: 
41544 
JANSSEN PHARMACEUTICA N.V.. 
Beerse, Belgium 

Shown in Product Identification G~'-

SPORANOX® 
[spilr-a-noxl 
(ITRACONAZOLEI 
INJECTION 

. ~ 

Congestive Heart Failure: When i 
ministered intravenously to dogs,and 

· volunteers, negative inotropic effi 
or symptoms of congestive heart£ 
ministration of SPORANOX® (i 
continued SPORANOX® use should be 
CLINICAL PHARMACOLOGY: Sp · 
CONTRAINDICATIONS, WARNIN 
TIONS: Drug Interactions and,AD. 
TIONS: Post-marketing Experi 
information.) 
Drug Interactions: ·coadministrati~~-; ,., 
mozide, quinidine. or dofetilidEhw· 
(itraconazoleJ. Capsules. Injection or-. 
contraindicated. SPORANOX®, •• 

. P450 3A4 isoenzyme system (CYP3A 
increase plasma concentrations of 
this pathway. Serious cardiovasc 
QT prolongation; torsades de po· 
ycardia, cardiac arrest, and/or 
curred in patients using cisapri 
dine, concomitantly with SPORANO 
CYP3A4 inhibitors. {See CON'l' 
WARNINGS, and PRECAUTIONS: 
for more information.) 

DESCRIPTION 
For intravenous infusion (NOT FOR IV BO 
SPORANOX® is the brand name for i 
thetic triazole nntifungal agent. ltra 
cemic mixture of four diastereomers ( 
pairs), each possessing three chiral cen 
resented by the following structural formula 
ture: 

(±)-l-[{R*)-sec-butyl]-4-[e-[4·[e·ll(2!!•; -
rophenyl)-2,(lH-1,2,4-triazol-l-ylmetbyl}­
methoxy]phenyi]-l-piperazinyl]phenyTI-A, 
one mixture with (±)-1-[(R')-~-butyB 
4R*)-2-(2,4-d.ichloropheny15='2-(l)i•l,2,4-_ 
l;lt-dioxolan-4-yl]methoxy] phenyll-1-p• •. 
!J,2-1,2,4-triazolin-5-one. 

or )' 
' (±l-1-[(RS)-sec-butyl]-4-[e-[4-[e-[[(2;~ 

pbenyl)-2-(lH-l 2 4-triazol-1-ylmethyJI-}, 
methoxy]phenyl]-1-piperazinyll pbenyll-A ' 
one. f~ ;. 
ltraconazole has a molecular formula 0 

a molecular weight of 705.64. lt is 8 

lowish powder. It is insoluble in wate 
in alcohols, and freely soluble in 
pKa of3.70 (based on extrapolation of 
methanolic solutions) and a Jog (n-OC 
coefficient of 5.66 at pH 8.1. . . -
SPORANOX® (itraconazole) Iniecnon 
free clear, colorless to slightly yellow 
nous infusion. Each mL contru 
ubilized by hydroxypropyl-Jl'.cyc 

8 
iL 

lccular inclusion complex, with 3. -~!D­
µL propylene glycol, and so<li_ . .;,, 
adjustment to 4.5, in water for •~J 
lajection is packaged in 25 mL color ess 
taining 250 mg ofitraconazole, contents 
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Abstract 

SCH 56592 is a novel triazole antifungal agent that is active both orally and intravenously. This compound is in phase 
11-111 clinical trials for the treatment of systemic fungal infections. A high-performance liquid chromatographic (HPLC) 
method was developed for the analysis of SCH 56592 in serum of dogs, a species used for safety evaluation. The HPLC 
analysis involved protein precipitation with methanol followed by separation on a C 18 column and quantitation by UV 
absorbance at 262 nm. The method was sensitive with a limit of quantification of 0.05 µg/ml in dog serum. The linearity 
was satisfactory as indicated by correlations of >0.996, in addition to visual examination of the calibration curves. The 
precision and accuracy were satisfactory as indicated by coefficients of variation (C.V.) ranging from 2.0 to 3.8%, and bias 
values ranging from -6.5 to I 0%. Moreover, SCH 56592 was stable in dog serum after being subjected to three freeze-thaw 
cycles. The assay was shown to be sensitive, specific, accurate, precise, and reliable for use in phal"IT!acokinetic or 
toxicokinetic studies. © 2000 Elsevier Science B.V All rights reserved. 

Keywords: SCH 56592; Antifungal agent 

1. Introduction 

Fungal infections have substantially increased over 
the past two decades, and invasive forms are now an 
important cause of morbidity and mortality [l]. The 
rise in frequency of fungal infection has been due to 
an increasing number of immunosuppressed patients, 
for example individuals with hematological malig­
nancies, organ and bone marrow transplants, and 
AIDS patients advancing to late-stage AIDS. Al­
though amphotericin B is still used to treat these 
infections, a number of new systemic antifungal 

*Corresponding author. 

agents have been discovered during the past two 
decades. The azole antifungal agents are far less 
toxic than ampbotericin B [1], and can usually be 
given by more than one route of administration. 

SCH 56592, 4~[4-[ 4-[ 4-[[ 5-(2,4-difluorophenyl)­
tetrahydro - 5 - ( 1 H - 1, 2, 4 - triazol - 1 - ylmethyl) - 3-
furanyl)methoxy ]phenyl - 1 - piperazinyl]phenyl) - 2-
( 1-ethyl- 2-hydroxypropyl)-2,4-dihydro.-3H-l ,2, 4-
triazol-3-one (Fig. l ), is a novel triazole antifungal 
agent that is active both orally and intravenously 
[2,3), The in vitro and in vivo profiles of SCH 56592 
in animal models showed significant advantages over 
existing agents in terms of potency and spectrum 
[3-5]. SCH 56592 was more active than itraconazole 

03 78-4347 /00/$ - see front matter © 2000 Elsevier Science: B.V. All rights reserved. 
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SCH56592 

SCH 56984 (lmemal standard) 

Fig. I. Chemical structures of SCH 56592 and SCH 56984 
( internal standard). 

(ITZ) and fluconazole (FLZ) against all 283 strains 
tested and more active than amphotericin B (AMB) 
against 95% of these strains [3]. SCH 56592 was 
fungicidal against all strains of C. krusei that are 
resistant to FLZ [3]. SCH 56592 also was very active 
against other species including FLZ-resistant strains 
of C. albicans, C. tropicalis, some strains of C. 
glabrata, dermatophytes and many opportunistic 
fungi [5,6]. 

Results from several -infection animal models have 
shown that SCH 56592 appears to be more potent 
(lower minimal inhibitory concentrations and mini­
mal fungicidal concentrations) than FLZ and ITZ 
against Candida albicans, Aspergillus fiavus and A. 
fumigatus [7,8]. SCH 56592 was also very active 
against vaginal infections in hamsters when given 
orally or topically, and against T. mentagrophytes 
infections in guinea pigs when given orally or 
topically [9]. 

SCH 56592 is a hydroxylated derivative of SCH 
51048, the previous lead compound in this series 
[ 10]. In an effort to further improve the oral absorp­
tion properties of SCH 51048, synthesis of its novel 
analogs having polar side chains was undertaken. 
While introduction of relatively basic or acidic side 
chains resulted in loss of activity, incorporation of 
hydroxyl groups led to greatly improved in vivo 

activity [11]. SCH 56592 was the lead compound 
that emerged from these efforts. 

HPLC methods with ultraviolet detection have 
been widely used to determine the plasma and serum 
concentrations of azole antifungal agents such as 
FLZ [12], ITZ [13], and miconazole [14]. We report 
here on the development and validation of sensitive, 
precise and accurate HPLC method for the analysis 
of SCH 56592 in dog serum. The method was used 
to evaluate the pharmacokinetics of this drug candi­
date in dogs 

2. Experimental 

2.1. Reagents 

Methanol, acetonitrile, methylene chloride, diethyl 
amine and ammonium phosphate monobasic were 
purchased from Fisher Scientific (Fair Lawn, NJ, 
USA). SCH 56592 and SCH 56984 (internal stan­
dard) were provided by the Chemical Research 
Division, Schering-Plough Research Institute (Kenil­
worth, NJ, USA). 

2.2. Calibration standard and sample preparation 

A stock solution of SCH 56592 was prepared in 
methanol at 200 µg/ml; the internal standard was 
prepared in methanol at 0.4 µg/ml. The stock 
solutions were stored at - 20°C. Eight calibration 
standards _(at 0.05, 0.1, 0.5, I, 2, 4, 8, and 20 µg/ml) 
were prepared in triplicate on each of the three 
validation days. Three sets of quality control samples 
(QC samples) at concentrations of 0.1 (low), 1.5 
(medium) and 15 µg/ml (high) were prepared in 
bulk from separate weighings, aliquoted and stored 
at - 20°C for use during the entire validation and 

. sample analysis. A 0.6-ml volume of the internal 
standard solution in methanol was added to 0.2 ml of 
dog serum, vortexed for 30 s at high speed and 
centrifuged at 4500 g at room temperature for 5 min. 
A 0.05-ml sample of the supernatant was injected 
onto the HPLC column for SCH 56592 analysis. 

2.3. Chromatographic conditions 

The HPLC system consisted of a Shimadzu LC-
9 A pump and a Waters 486 absorbance detector set 
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at 262 nm. The separation was accomplished on a 
5-µm Ultrasphere ODS, 150X4.6 mm column which 
was preceded by an on-line filter. The Millennium 
2020 Chromatography Manager Software System 
was used for data handling. The mobile phase 
consisted of 0.09 M ammonium phosphate mono­
basic acetonitrile-triethylamine (530:4 70:0.5, v / v / v), 
and was delivered at l ml/min. 

2.4. Administration of SCH 56592 

Six male beagle dogs were dosed orally with a 
200-mg experimental tablet of SCH 56592 (approxi­
mately 15 mg I kg) for pharmacokinetic evaluation. 
Blood samples were collected at intervals after 
dosing, centrifuged and serum stored at -20°C 
pending analysis. 

2.5. Pharmacokinetic analysis 

Serum concentrations equal to or above the lower 
limit of quantitation (LOQ, 0.05 µg/ml) were used 
for phannacokinetic analysis using model-indepen­
dent methods [15]. The maximum serum concen-

A 

5 10 
Time (min) 

5 

tration (Cm.,) and time of maximum serum con­
centration (Tm.,) were the observed values. The area 
under the serum concentration-time curve from time 
zero to the time of the final measurable sample 
[AUC(d)] was calculated using the linear trapezoidal 
method. 

3. Results and discussion 

Initially, the UV spectrum of SCH 56592 was 
determined which showed a maximum absorbance 
PmaJ at 262 nm. Therefore, the analysis were 
carried out at 262 nm. The HPLC analysis by UV 
absorbance showed that the limit of quantitation 
(LOQ) was 0.05 µg/ml of serum, which provided 
adequate sensitivity to conduct pharmacokinetic 
studies in animals. Typical chromatograms of drug­
free dog serum and serum spiked with SCH 56592 
and the internal standard (SCH 56984) are illustrated 
in Fig. 2. The retention times of the internal standard 
and SCH 56592 were approximately 6.7 and 8.7 min, 
respectively. There were no endogenous peaks in 
serum of six undosed dogs that coeluted with SCH 

-"'O It! .... 
C: ttl 
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Fig. 2. Typical chromatograms of blank dog serum (A) and blank dog serum spiked with both SCH 56592 at the LOQ (8) or at 20 µg/ml 
(C) and the internal standard. 
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56592 or the internal standard, indicating that the 
method was selective. The linearity was evaluated 
over a concentration range of 0.05-20 µg/ml. Linear 
regression parameters of the peak height ratios 
versus concentrations along with back-calculated 
concentrations of nine calibration curves are pre­
sented in Table 1. The results showed highly re­
producible calibration curves with correlation co­
efficients of >0.99, indicating that the response was 
linear over the concentration range studied. Intra-day 
precision and accuracy were evaluated at SCH 56592 
concentrations of 0.1, 1.5 and 15 µg/ml. Five 
samples were analyzed at each concentration on the 
same day. The results showed satisfactory intra-day 
precision and accuracy as indicated by coefficients of 
variation (C.V.) of :s4.0% and bias of :S6.3% {Table 
2). Inter-day precision and accuracy were evaluated 
at the same concentrations as above and the samples 
were analyzed on three separate days. The results 
demonstrated satisfactory inter-day precision and 
accuracy as shown by C.V. and bias values of :55.0% 
and :55.3%, respectively (Table 3 ). The LOQ, 
defined as the lowest concentration in the calibration 
curve that could be determined with acceptable 
precision and accuracy, was 0.05 µ,g/ml. At this 
concentration, the precision and accuracy from back-

Table I 

Table 2 
Intra-day precision and accuracy for the analysis cif SCH 56592 in 
dog serum 

Nominal Concentration Precision Accuracy 

concentration found (mean) (% C.V) (% bias) 

{µ.g/ml) (µg/ml}' 

O.l O.IO 4.0 0.0 

l.5 l.48 2.0 -1.3 
15.0 14.l 1.7 -6.3 . n=5. 

Table 3 
Inter-day and accuracy for the analysis of SCH 56592 in dog 
serum 

Nominal Concentration Precision Accuracy 
concentration found (mean) (% C.V.) (% bias) 
(µ.g/ml) (µ.g/ml)' 

0.1 0.10 5.0 0.0 
l.5 1.47 2.5 -2.0 

15.0 14.2 3.7 -5.3 . n=5. 

calculated concentrations were satisfactory (CV.= 
2.1 %, bias=6.0%; Table I). The recovery was 
consistent over a concentration range of 0.1-15 µ,g/ 
ml (>73%; Table 4). The recovery of the internal 

Back-calculated concentrations and calibration curve parameters for the analysis of SCH 56592 in dog serum 

Nominal concentration Slope Intercept Correlation 
coefficient (r) 

0.05 O.l 0.5 2 4 8 20 
Concentration found (µg/ml) 

Day I 0.046 0.11 0.55 1.04 2.10 3.89 7.61 18.30 0.745371 0.011543 0.9967 
0.046 0.1 I 0.55 107 2.02 4.03 7.50 18.30 0.745297 0.014585 0.9969 
0.046 O.ll 0.55 1.04 2.05 4.11 7.54 18.00 0.743520 0.015915 0.9964 

Day 2 0.048 0.11 0.52 0.95 1.98 4.27 7.97 19.30 0.710598 0.010672 0.9989 
0.048 0.10 0.54 0.96 2.00 4.02 7.81 19.50 0.708858 0.009744 0.9991 
0.048 0.11 0.52 1.01 1.98 4.15 7.83 18.90 0.718699 0.008615 0.999 

Day 3 0.048 0.11 0.54 l.02 1.97 4.13 7.78 18.70 0.776689 0.009909 0.9985 
0.048 0.11 0.54 l.00 2.00 4.15 7.80 18.50 0.757875 0.012770 0.9984 
0.047 0.11 0.56 l.00 1.99 4.16 7.72 18.40 0.745573 0.012760 0.9977 

Mean 0.047 0.11 0.54 l.01 2.01 4.10 7.73 18.70 0.739164 0.011835 0.998 
Precision (%CV) 2.1 2.7 2.6 3.8 2.1 2.6 2.0 2.6 
Accuracy(% bias) -6.0 10.0 8.0 1.0 0.5 2.5 -3.4 -6.5 

' Not appropriate to calculate these parameters. 
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Table 4 
Recovery of SCH 56592 and internal standard from dog serum 

Concentration 
(µg/ml) 

0.1 
1.5 

15.0 
Internal standard, 0.4 µg/ml 

• n=3. 

Mean% 
recovery' 

76.6 
74.5 
73.2 
73.3 

standard at the concentration used (0.4 µg/ml) was 
73.3%. 

In the method development phase, we have 
attempted to use acetonitrile to precipitate serum 
protein. The chromatogram showed that the SCH 
56592 peak was asymmetric (tailing). Also, the 
assay was developed using 0.2 ml serum, three 
volumes of methanol were added to give a total 
volume of the extracted supernatant of approximately 
0.7 ml, of which only 0.05 ml was injected. There­
fore, the sample volume may be reduced to 0.05 ml 
serum which would result in approximately 0.15 ml 
volume of the supernatant, sufficient for two in­
jections in HPLC. Consequently, if the sample 
volume is a limitation, the analysis can be performed 
with only 0.05 ml without any loss of sensitivity. 
However, we used 0.2 ml volume for convenience. 

The stability of SCH 56592 in serum was evalu­
ated through three freeze...:thaw cycles at concen­
trations ofO.l, 1.5 and 15 µg/ml. The samples were 
thawed in a water bath at room temperature and 
frozen within 5 min of thawing in each cycle. After 
three cycles, the changes from nominal concentra­
tions were -10.0, -1.3 and -6.0% for the 0.1, 1.5 
and 15 µg/ml, respectively, demonstrating that SCH 
56592 was stable in serum through three freeze­
thaw cycles (Table 5). Long-term stability was 
determined following 348 days of storage at - 20°C 
at the concentrations above. The changes from the 
nominal concentrations ranged from 6 to 12% in­
dicating that SCH 56592 was stable in serum for at 
least 348 days (Table 6). In-process stability was 
performed for up to 48 h after sample processing. 
Three sets of processed serum samples at the above 
SCH 56592 concentrations were analyzed after stor­
age at room temperature for 48 h. The change·s from 
nominal concentrations were 0.0, 0.0 and -2.7% for 

Table 5 
Three-cycle freeze-thaw stability of SCH 56592 in dog serum 

freeze-thaw Parameter Observed concentration 
cycle (µg/ml)' 

0.l" i.s" lSb 

First Mean 0.1 I 1.56 14.8 
% C.V. 6 4 

%Change 10 4 -1.3 

Second Mean 0.11 1.57 15.3 
% c.v. II 4 4 
%Change 10 4.7 2 

Third Mean 0.09 1.48 14.1 
%CV. 16 5 3 
%Change -10 -1.3 -6 

• n=3. 
b Nominal concentration. 

the 0.1, 1.5 and 15 µ,g/ml concentrations, respective­
ly, demonstrating that SCH 56592 was stable under 
the conditions evaluated. 

The analytical method was used to characterize the 
pharmacokinetic profile of SCH 56592 in the dog 
following oral administration of a 200-mg ex­
perimental tablet of SCH 56592. SCH 56592 was 
quantifiable in serum between 2 and 72 h after oral 
administration (Fig. 3). The mean Cmax of SCH 
56592 was 1.5 µ,g/ml which was attained at a mean 
T max of 24 h. The area under the serum concen­
tration-time curve (AUC 0 _ 72 h) was 60.4 µg.h/ml 
(Table 7). 

In conclusion, an HPLC assay for the determi­
nation of SCH 56592 in dog serum was developed 
and was shown to be accurate and reliable over a 
concentration range of 0.05-20 µ,g/ml with an 
average CV. of 2.6% and an average bias of 4. 7%. 
The method was used to determine serum concen-

Table 6 
Stability of SCH 56592 in dog serum following storage at -20°C 
for 348 days 

Nominal Observed concentration (µg/ml)' 
concentration 
(µg/ml) Mean % c.v. % Change 

0.1 0.ll 11.0 10.0 
1.5 1.41 3.0 -6.0 

15.0 13.2 0.5 -12.0 

• n =6 for each concentration. 
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Fig. 3. Mean (n=6) serum concentration-time profile of SCH 56592 in dogs after 200-mg oral dose. 

Table 7 
Mean phannacokinetic parameter of SCH 56592 in beagle dogs 
following oral administration of a 200-mg tablet 

Parameter Mean % c.v 
(unit) (n=6) 

Cm,. (µg/ml) 1.5 48 
T.,., (h) 24 0 
AUC (0-72 h)(µg/h/ml) 60.4 49 

trations of SCH 56592 in the dog following oral 
administration of a 200-mg tablet. 
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Abstract 

Many drugs exist in the crystalline solid state due to reasons of stability and ease of handling during the various stages of 
drug development. Crystalline solids can exist in the form of polymorphs, solvates or hydrates. Phase transitions such as 
polymorph interconversion, desolvation of solvate, formation of hydrate and conversion of crystalline to amorphous form 
may occur during various pharmaceutical processes, which may alter the dissolution rate and transport characteristics of the 
drug. Hence it is desirable to choose the most .suitable and stable form of the drug in the initial stages of drug development. 
The current focus of research in the solid-state area is to understand the origins of polymorphism at the molecular level, and 
to predict and prepare the most stable polymorph of a drug. The recent advances in computational tools allow the prediction 
of possible polymorphs of the drug from its molecular structure. Sensitive analytical methods are being developed to 
understand the nature of polymorphism and to characterize the various crystalline forms of a drug in its dosage form. The 
aim of this review is to emphasize the recent advances made in the area of prediction and characterizatio.n of polymorphs and 
solvates, to address the current challenges faced by pharmaceutical scientists and to anticipate future developments. 
© 200 l Elsevier Science B.V. All rights reserved. 
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1. Introduction 

Most organic and inorganic compounds of phar­
maceutical relevance can exist in one or more 
crystalline forms. When applied to solids, the adjec­
tive, crystalline; implies an ideal crystal in which the 
structural ·units, termed unit cells, are repeated 
regularly and indefinitely in three dimensions in 
space. The unit cell has. a definite orientation and 
shape defined ·by the translational vectors, a, b, and 
c, and hence has a definite volume, V, that contains 
the atoms and molecules necessary for generating the 
crystal. Each crystal can be classified as a member of 
one of seven possible crystal systems or crystal 
classes that are defined by the relationships between 
the individual dimensions, a, b, and c, of the unit cell 
and between the individual angles, a, {3, and y of the 
unit cell [1,2]. The structure of a given crystal may 
be _assigned to one of the seven crystal systems, to 
one of the 14 Bravais lattices, and to one of the 230 
space groups [l]. All the 230 possible space groups, 
their symmetries, and the symmetries of their diffrac­
tion patterns are compiled in the International Tables 
for Crystallography [3]. 

The common crystalline forms found for a given 
drug substance are polymorphs and solvates. Crys­
talline polyrnorphs have the same chemical com­
position but different internal crystal structures and, 
therefore, possess different physico-chemical prop­
erties. The different crystal structures in polyrnorphs 
arise when the drug substance crystallizes in differ­
ent crystal packing arrangements and/ or different 
conformations. The occurrence of polymorphism is 
quite common among organic molecules, and a large 
number of polymorphic drug compounds have been 
noted and catalogued [4-7]. 

Solvates, also known as pseudopolymorphs, are 

crystalline solid adducts containing solvent mole­
cules within the crystal structure, in either stoichio­
metric or nonstoichiometric proportions, giving rise 
to unique differences in the physical and pharma­
ceutical properties of the drug. If the incorporated 
solvent is water, a solvate is termed a hydrate. 
Adducts frequently crystallize more easily because 
two molecules often · can pack together with less 
difficulty than single molecules. While no definite 
explanations can be given, possible reasons include 
adduct symmetry, adduct-induced conformation 
changes, and the. ability to form hydrogen bonds 
through the solvent molecules [2,8,9]. Desolvated 
solvates are produced when a solvate is desolvated 
and the crystal retains the structure of the solvate 
[l 0]. Desolvated solvates are less ordered than their 
crystalline counterparts and are difficult to character­
ize, because analytical studies indicate that they are 
unsolvated materials (or anhydrous crystal forms) 
when, in fact, they have the structure of the solvated 
crystal form from which they were derived [ 11]. 

Because different crystalline polymorphs and sol­
vates differ in crystal packing, and/ or molecular 
conformation as well as in lattice energy and en­
tropy, there are usually significant differences in 
their physical properties, such as density, hardness, 
tabletability, refractive index, melting point, enthalpy 
of fusion, vapor pressure, solubility, dissolution rate, 
other thermodynamic and kinetic properties and even 
color [ 12]. Differences in physical properties of 
various solid forms have an important effect on the 
processing of drug substances into drug products 
[13], while differences in solubility may have impli­
cations on the absorption of the active drug from its 
dosage form ( 14 ], by affecting the dissolution rate 
and. possibly the mass transport of the molecules. 
These concerns have led to an increased regulatory 
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interest in understanding the solid-state properties 
and behavior of drug substances. For approval of a 
new drug, the drug substance guideline of the US 
Food and Drug Administration (FDA) states that 
"appropriate" analytical procedures need to be used 
to detect polymorphs, hydrates and amorphous forms 
of the drug substance and also stresses the impor­
tance of controlling the crystal form of the drug 
substance during the various stages of product 
development [ll]. It is very important to control the 
crystal form of the drug during the various stages of 
drµg development, because any phase change due to 
polymorph interconversions, desolvation of solvates, 
formation of hydrates and change in the degree of 
crystallinity can alter the bioavailability of the drug. 
When going through a phase transition, a solid drug 
may undergo a change in its thermodynamic prop­
erties, with consequent changes in its dissolution and 
transport characteristics [ 15]. 

Various pharmaceutical processes during drug 
development significantly influence the final crys­
talline form of the drug in the dosage form. The 
various effects of pharmaceutical processing on drug 
polyrnorphs, solvates and phase transitions have been 
described in detail by Brittain and Fiese [16] and will 
be discussed in later chap\ers. Briefly, processes such 
as lyophilization and spray drying may lead to the 
formation of the amorphous form of drug, which 
tends to be less stable and more hygroscopic than the 
crystalline product. Also, processing stresses, such as 
. drying, grinding, milling, wet granulation, oven 
drying and compaction, are reported to accelerate the 
phase transitions in pharmaceutical solids: The de­
gree of polymorphic conversion will depend on the 
relative stability of the phases in question, and on the 
type and degree of mechanical processing applied. 
Keeping these factors in mind, it is desirable and 
usual to choose the most stable polymorphic form of 
the drug in the beginning and to control the crystal 
form and the distributions in size and shape of the 
drug crystals during the entire process of develop­
ment. The presence of a metastable form during 
processing or in the final dosage form often leads to 
instability of drug release as a result of phase 
transformation [17]. 

Crystallization plays a critical- rcle in controlling 
the crystalline form and the distribution in size and 
shape of the drug. The significance of crystallization 

mechanisms and kinetics in directing crystallization 
pathways of pharmaceutical solids and the factors 
affecting the formation of crystals have been re­
viewed in detail by various researchers [12,18,19]. A 
crystalline phase is created as a consequence of 
molecular aggregation processes in solution that lead 
to the formation of nuclei, which achieve a certain 
size during the nucleation phase to enable growth 
into macroscopic crystals to· take place during the 
growth phase. The factors affecting the rate and 
mechanisms by which crystals are formed are: 
solubility, supersaturation, rate at which supersatura­
tion and desup_ersaturation occur, diffusivity, tem­
perature, and the reactivity of surfaces towards 
nucleation. The various forces responsible for hold­
ing the organic. crystalline solids together, such as 
nonbonded interactions and hydrogen bonding, have 
been discussed in detail by Byrn et al. [2] and Etter 
[20). 

Various analytical methods are being currently 
used to characterize the crystalline form of the drug 
during the various steps of processing and develop­
ment. These methods have been reviewed recently in 
detail by many authors [7,10,21-25). The single 
most valuable piece of information abo_ut the crys­
talline solid, including the existence of polymorphs 
and solvates, is the molecular and crystalline struc­
ture, which is determined by single-crystal X-ray 
diffractometry [2]. Powder X-ray diffractometry 
provides a "fingerprint" of the soiid phase and may 
sometimes be used to determine crystal structure. 
Once the existence of polymorphism (or solvate 
formation) is definitely established by single-crystal 
and powder X-ray· diffractometry, spectral methods, 
such as Fourier transform infrared absorption (FTIR.) 
spectroscopy, Fourier transform Raman scattering 
(FT Raman) spectroscopy, solid-state nuclear mag­
netic resonance (SSNMR) spectroscopy, ultraviolet 
and visible (UV-Vis) and/ or fluorescence spectros-. 
copy [23) may be employed for further characteriza­
tion. Of special significance are thermal methods, 
such as differ~ntial scanning calorimetry (DSC), 
thermogravimetric analysis (TGA) and optical micro­
scopy using a hot· stage [24]. These methods are 
almost always employed for further characterization. 
Modulated (temperature) differential scanning 
calorimetry (MDSC) in combination with DSC and 
optical microscopy are able to identify the glass 
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transition of amorphous forms with much greater 
clarity and allow unique insights into· the glass . 
transitional and polymorphic behavior of drug sub­
stances· [26]. 

Because solid-sta_te NMR spectroscopy can be 
used to study crystalline solids, as well as pharma­
ceutical dosage forms, this powerful method is 
finding increasing application in deducing the nature 
of polymorphic variations [27], such as variations in 
hydrogen bonding network and molecular conforma­
tions among polymorphs [28,29] and for the de­
termination of molecular conformations and mobility 
of drugs in mixtures and dosage forms [2]. Solid­
state 13C-NMR in conjunction with the techniques, 
known as high power proton decoupling, cross 
polarization (CP), and magic-angle spi_nning (MAS) 
offers information not obtained readily by other 
techniques. R~cently, two-dimensional 13 C-solid­
state NMR spectroscopy has been used to study the 
three conformational polymorphs of 5-methyl-2-((2-
nitrophenyl )amino ]-3-thiophenecarbonitrile [30]. Use 
of two-dimensional NMR and total suppression of 
spinning side bands (TOSS) pulse sequences allowed 
the separation of isotropic and anisotropic chemical 

- shifts for the three forms. This is a very powerful 
method for analyzing, differences in the chemical 
environment and is finding increased application in 
the study of conformational polymorphism. 

With advances in analytical methods, the current 
focus of research in the solid-state area is to under­
stand polymorphism and pseudopolymorphism at the 
molecular level. Knowledge of the crystal packing 
arrangements and the various intermolecular forces 
involved in the different packing arrangements will 
h~lp in the prediction and preparation of the most 
stable polymorphs of a given compound well in 
advance, to avoid surprises during product develop­
ment. A current emphasis is on the development of . 
software to predict crystal structures of polymorphs 
from molecular structures. A thorough understanding 
of the physicochemical properties of polymorphs and 
solvates (hydrates) is of primary importance to the 
selection of a suitable crystalline form and develop­
ment of a successful pharmaceutical product. Bray et 
al. (31] have shown that, by thorough characteriza­
tion of four different crystalline forms of L-738,167, 
a fibrinogen receptor antagonist by various analytical 

techniques, it was possible to determine the suitabili­
ty of one or two forms fo~ the development of 
pharmaceutical oral dosage forms. 

The present review aims to emphasize the recent' 
advances made in the area of prediction and charac­
terization of polymorphs and solvates, attempts to 
address the current challenges and problems faced by 
pharmaceutical scientists and intends to anticipate 
future development. This review does not attempt to 
prov/de solutions to the problems but attempts to 
review comprehensively the advances made in recent 
years to help address these problems. 

2. Recent advances in the identification, 
prediction and characterization of polymorphs 

2.1. Types of polymorphism 

Based on differences in the thermodynamic prop­
erties, polymorphs are classified as either enantio­
tropes or monotropes, depending upon· whether one 
form can transform reversibly to another or not. In 

. an enantiotropic system, a reversible transition be-
tween polymorphs is possible at a definite transition 
temperature below the melting point. In a mono­
tropic system, no reversible transition is observed 
between the polymorphs below the melting point. 
Four useful rules have been developed by Burger and 
Ramburger (32,33] to determine qualitatively the 
enantiotropic or monotropic nature of the relation­
ship between polymorphs. These rules are the heat of 
transition rule, heat of fusion rule, infrared rule and 
density rule . 

· If, by use of the above rules, it is established that 
the polymorphs of a particular drug are enantiotropic 
or monqtropic, then the next goal is to define the 
thermodynamically stable· ( or metastable) domain of_ 
each crystalline phase of a substance as a function of 
temperature. The plot of the Gibbs free energy 
difference, AG, against the absolute temperature, T, 

. gives the most complete and quantitative information 
on the stability relationship of polymorphs [22], with 
the most stable polymorph having the lowest Gibbs 
free energy. The 6.G between the polymorphs may 
be .obtained using several techniques operating at 
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different temperatures, such as solubility [34] and 
intrinsic dissolution rate. Yu [35] has derived thermo­
dynamic equations to calculate t:..G between two 
polyrnorphs and its temperature slope from the 
melting data. This method is essentially an extension 
of the heat of fusion rule, which is based on 
statistical mechanics. Extrapolating liG to zero gives 
an estimate of the transition temperature, from which 
the existence of monotropy or enantiotropy is in­
ferred. The integration of different types of data 
provides the liG vs. T curve over a wide temperature 
range and allows the consistency between techniques 
to be checked (22]. Another approach to establish the 
order of stability among various polymorphs has 
been studied using pressure versus temperature plots, 
e.g., for sulfanilamide and piracetam [36}. This 
approach is based upon Ostwald's principle of least 
vapor pressure, according to which the stable poly­
morph exhibits the lowest vapor pressure. The 
accuracy of this approach to establish the stabilit)'. 

. hierarchy among the polymorphs has been shown to 
. be very much dependent on the accuracy of the 

experimental data. 
In recent years, the main focus of research has 

been the characterization. of polymorphs arising from 
structural differences in the crystal lattice. It has 
been established for some time that organic mole­
cules are capable of forming different crystal lattices 
through two different mechanisms. One of.the mech­
anisms is termed packing polymorphism, and repre­
sents instances where conformationally relatively 
rigid molecules can be assembled into different 
three-dimensional structures through the invocation 
of different intermolecular mechanisms. The other 
mechanism is termed conformational polymorphism 
and arises when a nonconformationally rigid mole­
cule can be folded into different arrangements, which -
subsequently can be packed into alternative crystal 
structures. The distinction between packing poly­
morphism and conformational polymorphism is 
somewhat artificial because different packing ar­
rangements impose different conformations -on the 
molecules, however slight, and different conforma­
tions will inevitably pack differently. The structural 
aspects associated with polymorphs have been re­
viewed recently [2], as have the analogous features 
of solvate and hydrate systems [9]. In the next 

·section, the results of some more recent investiga­
tions are discussed. 

2.2. Packing polymorphism 

An investigation into the structures and charge 
densities of twci polymorphs of p-nitrophenol has 
been performed with the aim of deducing the differ­
ent modes of inter-molecular hydrogen bonding that 
lead to the formation of the two structures shown in 
Fig. la and b (37]. A detailed analysis of the charge 
density of the two forms indicates charge migration 
from the benzene ring region to the· nitro ~d 

. hydroxyl groups that accompanies the transformation 
of one form into the other .. In addition, polarization 
of the oxygen lone-pair electrons was found to be 
substantially larger in the crystal forms than in the 
free molecule, resulting in considerably larger dipole 
moments in the solid state. 

During the study of a new crystal form (form I) of 

a 
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Fig. l. Molecular packing diagrams of the (a) J3 polymorph of 
p-nitrophenol, (b) a polymorph of p-nitrophenol, showing 50% 
probability displacement ellipsoids ([37], reproduced with the 
permission of the American Chemical Society). 
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chlordiazepoxide, it was found that the heat of 
transition between the two forms (forms I and II) is 
rather modest, and kinetic factors permit the exist­
ence of the metastable phase [38). Both structures 
contain four crystallographically independent mole­
cules linked in dimers· through hydrogen bonding, 
but the dimers are packed differently to yield the two 
crystal forms. Because the dimers in the fundamental 
units are spaced differently in the two forms, it was 
proposed that the solid-state enantiotropic trans­
formation entailed rearrangement of the dimer units. 

A different approach has been taken during an 
evaluation of the different structures formed by 
sulfathiazole [39]. Using a graph set approach to 
classify the known structural differences and simi­
larities among the various forms, it became possible 
to identify packing motifs common to three of the 
four crystal structures. Fig. 2 shows the unit cells of 
the polymorphs I, Il, III and IV, where molecules are 
paired as hydrogen-bonded dimers. At the end of the 
process, the authors were able to deduce possible 
links. between the observed patterns of hydrogen 
bonding, processes of nucleation, and the crystal 
growth observed from a number of solvent systems. 
Interestingly, the analysis did not indicate a relation­
ship between the appearance of a particular poly­
morph from solution and· the growth of its fastest 

, . -• ---c:'" //T 

~'.-1' i ~ ~. 

c . ~b) FormU 
O 

(~) Fo~~- I 'o 

Fig. 2. Unit cells of four polymorphs (I, ll, Ill and IV) of 
sulfathiazole showing hydrogen bonds, with the dimer strucrure 
clearly discernible ([39], reproduced with the permission of the 
Royal Society of Chemistry). 

growing surface. Rather, it appeared as if the differ­
ent solvents affected the process of polymorph 
formation through their effects on nucleation of the 
various forms. 

2.3. Conformational polymorphism 

The conformational polymorphism of the two 
forms of piroxicarn pivalate has been studied in 
detail [40]. This compound is distinctive in that the 
high-melting fonn (polymorph l) contains an un­
anticipated array of associated molecules bound as 
centrosymrnetric dimers through hydrogen bonding, 
with the amido nitrogen atom acting as the donor and 
the pyridine nitrogen as the acceptor (Scheme 1, 
structure I). The low-melting form (polymorph 2) 
contains molecules of two distinct conformational 
states coexisting in the same crystal (Fig. 3), but 
linked through different hydrogen bonding arrange­
ments. This latter finding represents another unusual 
aspect of the crystallography of the substance. 

The inclusion of different solvent molecules in a 
crystal lattice can lead to the existence of different 
packing patterns, and has also been found to in­
fluence the molecular conformation of paroxetine 
hydrochloride in two solvate forms [ 41). One form 

II 

Ill 

Scheme I. Molecular structure of piroxicam pivalate (I) [40], 
5-methyl-2-[2-(nitrophenyl )amino ]-3-thiophenecarboni tri le (II) 
(30], 2' -acetamido-4' -[N,N-bis(2-methylcarbonylethyl)amino ]-4-
nitroazobenzene (III) [48]. 
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Fig. 3. Confonnations of the two independent molecules of 
piroxicam pivalate (I) in polymorph. 2. Thermal ellipsoids are 
drawn at the 40"/o probability level, and H atoms are shown as 
spheres of arbitrary size ([40], reproduced with the permission of 
the American Pharmaceutical Association). 

was obtained as a bemibydrate, and the other as the 
solvate of isopropanol (2-propanol). In the unit cell 
of the hemihydrate, one finds two protonated parox­
etine and two chloride ions together with one water 
molecule. Interestingly, the two paroxetine molecules 
are conformationally nonequivalent, and exhibit a 
number of different bond angles and torsion angles. 
In the other form, the unit cell contains one proton­
ated paroxetine molecule, one chloride ion, anq one 
isopropanol molecule disordered along a molecular 
channel. Furthermore, the conformation of the parox -
etine molecule in the isopropanol solvat~ is different 
from either molecular conformation observed in the 

hemibydrate phase. Crystals of the isopropanol sol­
vate decomposes in the ·open air at room tempera­
ture, because the isopropanol molecules are released 
easily through the channel. The hemihydrate is 
relatively stable. 

In an impressive fundamental study, the poly­
morphism of 5-methyl-2-[2-(nitrophenyl)amino )-3-
thiophenecarbonitrile (Scheme 1, structure II) has 
been catalogued (42,43] and discussed in detail [2]. 
This compound was crystallized as six. solvent-free 
polymorphs, each of which differed in the mode of 
packing and in molecular conformation. The differ­
ent conformers yielded sufficient perturbations on the 
respective molecular orbital so that a variety of 
crystal _colors (red, orange, and yellow) were ob­
served. To obtain a more detailed evaluation of the 
relative stability, the authors considered a partition­
ing of polymorphic energy differences into lattice 
and· conformational contributions, and were able to 
deduce general trends that appeared valid in the 
absence of hydrogen bonding. The act of crystalliza­
tion was found to feature an interplay of opposing 
forces, with perpendicular molecular conformations 
being favored in fluid solutions, while a preference 
for planar/high dipole conformers existed in most 
crystal forms, as shown in Fig. 4 [42]. The unusual 
polymorphism displayed by this system may result 
from one or more of the following factors: the 

· preference for perpendicular conformations in solu- · 
. tions, the preference for planar/high dipole confor­
mers in crystals, the formation of inter- and in­
tramolecular hydrogen bonds, and the thermody­
namic tendency towards low energy and high en­
tropy. 

2.4. Phase transformations in the solid state 

Studies of phase transformations in the solid state 
are important, because the sudden appearance or . 
disappearance of a crystalline form can threaten 
process development, and can lead to serious phar­
maceutical consequences if the transformation occurs 
in the dosage forms. Hence, an understanding of the 
kin_etics and mec9.anism of phase transformations is 
of practical importance. The rearrangement of mole­
cules into a new structure during phase transforma­
tion may or may not involve a solvent or vapor 
phase. To explain the mechanism of solid-solid 
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Fig. 4. Comparison of conformational energies and crystal ener• 
gies of the various polymorphs of 5-methyl-2-[2-(nitro­
phenyl )amino ]-3-thiophenecarbonitriie (II). Form R (red prisms, 
m.p. !06.2°C), form Y (yellow prisms, m.p. 109.8°C), form OP 
(orange plates, m.p. l l2.7°C), form ON (orange needles, m.p. 
I 14.8°C), form YN (yellow needles, m.p. not measurable) ([42], 
reproduced with the permission of the American Chemical Socie­
ty). 

physical transition, four steps have been proposed: 
(a) molecular loosening in the initial phase; (b) 
fonnation of an intermediate solid solution; (c) · 
nucleation of the new solid phase and (d) growth of 
the new phase [2]. In an interesting · study, 
Skwierczynski [44] 'has proposed a two-environment 
model to describe the decomposition reaction kinet­
ics of a crystalline solid, aspartame. The decomposi­
tion reaction of aspartame is a simple unimolecular 
thermally-induced aminolysis and the reaction 
proceeds under anhydrous conditions, i.e., water is 
not a reactant (45]. This model links the chemistry of 
the solid-state reaction with the molecular mobility 
of the reactant as the reaction proceeds. The advan­
tage of this model is that it can be used to determine 
the shelf life of a product from kinetic data gathered 
at elevated temperatures. Apart from solid-solid 
physical transformations, solution-mediated physical 
transformations ampng polymorphs are also known 
to occur in processes, such as· wet granulation and 
during dissolution testing. 

While the majority of studies have probed the 
equilibrium properties of polymorphic and solid-state 
solvated systems, relatively few have been concerned 
with the dynamics of phase transformation. Byrn et 

al. [2] have reviewed briefly the aspect of poly­
morphic interconversions and the factors affecting 
the transformations. In one study, the contribution of 
hydrogen bonding to the O'. ➔ f3 phase change of 
resorcinol has been. detailed [ 46]. The O'. form is 
more stable than the 13 form at room temperature, but 

· is less dense than the f3 form. The transition of 
ex ➔ f3 at an estimated transition temperature of 
3 3 7 ~ ~ K is accompanied by an increase in crystal 
density, with the structure shifting from an open 
array of molecules (linked through hydrogen bond­
ing) to a denser structure resembling molecular 
crystals. Through the use of a simple potential 
model, it was· concluded that, during the phase 
transformation, the energy of the hydrogen bonds 
decreases along with the extent of such bonding. The 
energy liberated by this process is almost offset by 
the enhanced Van der Waals energies associated with 
the increase in crystal density, and consequently the 
transition enthalpy is rather small. Accompanying 
the shifts in hydrogen bonding is a number of 
effective proton transfers, altering the covalent and 
ionic portions of the crystal. It was also learned that 
the increase in entropy produced from the redistribu­
tion of protons was of the same order of magnitude 
as the entropy of the phase transition. 

A number of spectroscopic techniques have been 
used to study the processes associated with a poly­
morphic transition of 2-(2,4-dinitrobeni:yl)-3~ 
methylpyridine [47]. The two interconverting struc­
tures coexisted over a temperature range of at least 
8-9°C. The phase change was associated with a 
molecular tautomerization that translated through the 
collective changes of a large number of molecules, 
yielding domains having definite short-range order. 
The slowly evolving spectroscopy that took place 
above the transition temperature was interpreted as 
the annealing of domains into a long-range ordered 
system. The process of phase transformation ap­
peared to consist of an initial fast redistribution of 
the mole ratio of the coexisting phases, followed by 
a much slower process involving a macroscopic 
relaxation of the .system. Although local thermo­
dynamic equilibrium was thought to exist in in­
dividual domains, the magnitude noted for the tem­
perature range of the phase transition was proposed 
to arise from nonequilibrium conditions existing 
among the various types of domain. 
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A combination of solid-state 15N-NMR spectros­
copy and X-ray crystallography was used to study 
polymorphic transitions in an azobenzene .dyestuff, 
2 '-acetamido-4' -[N ,N-bis(2-methylcar-

- bonylethyl)amino]-4-nitroazobenzene (Scheme 1, 
structure ill) [48]. This work established that the 
structure of one polymorph was disordered, and that 
the process of phase transformation entailed a crank­

•shaft-type motion of the azo linkage. The ORTEP 
plots of the two molecular conformations for the 
X-ray structure detem1ination of structure III at 293 
K are shown in Fig. 5. Selective polarization inver­
sion and band shape-fitting experiments were used to 
deduce the thermodynamic parameters of the ex­
change process. 

Raman spectroscopy was used to study the effect 
of pressure on the phase transitions in hexa­
methylbenzene and hexa(methyl-d3 )benzene [ 49]. 
The form II ➔ form ID transition of the partially 
deuterated substance was found to take place at a 
lower pressure relative to that of the analogous 
hexarnethylbenzene compound, which was attributed 
to differences in the energies of the intrarnolecular 
methyl torsional vibration in the two crystal forms. 
In another study performed by the same group, the 
effects of both temperature and pressure on the phase 
transitions of tetrafluoro-1, 4-benzoquinone were con­
sidered [50]. In this system, the changes in en-

Fig. 5. ORTEP plots of the two molecular conformations ( I and 
2) for the X-ray structure determination of 2' -acetamido-4' -[N,N­
bis(2-methoxycarbonylethyl)aminoj-4-nitroazobenzene (Scheme I 
Structure) at 293 K. Thermal ellipsoids are shown at 30% for 
clarity, with conformer 2 being represented by the solid lines and 
Conformer I by the dotted lines ([48], reproduced with the 
permission of the American Chemical Society). 

vironmental conditions were found to influence a 
number of intermolecular and intramolecular vibra­
tional modes, yielding conformational changes that 
in turn produced the observed phase transitions. 

2.5. Prediction of polymorphs 

The main challenge in managing the phenomenon 
of multiple solid forms of a drug is the inability .to 
predict the number of forms that can be expected in a 
given case. This prediction would involve quantifica­
tion of the myriad intermolecular forces within any 
proposed crystal structure as well as the ability to 
postulate the likely packing modes for a given 
molecule in all its configurations [1 OJ. Accurate 
theoretical prediction of polymorphs from studies of 
molecular dynamics and crystal structure generation 
would be of outstanding importance in drug research 
[36]. 

More research is now being directed. towards 
developing computational tools to understand the 
nature of polymorphism and to predict polymorphic 
forms at an early stage in the drug development 
process. The recent developments in computational 
chemistry allow the prediction of possible poly­
morphic· forms based only on the molecular structure 
of the drug. The Polymorph Predictor, from Molecu­
lar Simulations, is currently the only commercial 
software package that can predict the possible poly­
morphs of an organic compound from its molecular 
structure [ 51]. The package developed by Karfunkel 
and co-workers [52-54] uses a Monte Carlo simu­
lated annealing approach to generate thousands of 
possible crystal packing alternatives for a given 
molecule. Each of the unique crystal structures is 
then subjected to a lattice energy minimization to 
obtain the relative stability ranking of the various 
packing possibilities and the resulting lowest-energy 
structures are the potential polymorphs. This method. 
has been successfully employed to generate known 
polymorphs of_ primidone (Fig. 6A and B) and 
progesterone, starting from the molecular structures 
alone [55]. It has also been used to predict poly­
morphs for a range of small molecules an~ to predict 
unknown polymorphic structures of 4-amidinoin­
danone guanylhydrazone, a selective inhibitor of S­
adenosylmethionine decarboxylase (56], and of as­
pirin [57]. 
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Fig. 6. Comparison of the crystal structure of primidone A (A) 
versus the most likely packing arrangement, frame 7 (B) ([55], 
reproduced with the permission of Elsevier Science). 

The theoretical predictions of lattice · energies, 
entropies, morphologies and polymorphs should 
stimulate experimental activities and vice versa. The 
current crystal-modeling efforts have the potential of 
producing more quantitative tools for bridgfog struc­
tures and properties, which could help in creating 
solid forms with desired properties [22]. There are 
many limitations in using computational methods for 
predicting polyrnorphs theoretically. The first lirnita­
. tion is that the ab initio screening is useful only for 
nonionic rigid molecules. For more complex sys­
tems, the method is very useful· for generating 
plausible crystal structures, but it is not accurate 
enough to determine which of these possible struc­
tures can actually be crystallized [58]. In addition, 
the limitations in computer power can restrict the use 
of'this method for predicting polymorphs of complex 
molecules. An issue of concern is that the existing 
methods only predict the lattice energies, which 
relate to internal energies or enthalpies of the 
crystals. However, the relative thermodynamic 
stability of polymorphs is determined by the Gibbs 
free energy, which is a linear function of both 
enthalpy .and entropy. Predictions of the relative 
stability of po!ymorphs will be more accurate when 
the entropies, as well as lattice energies, are consid­
ered. Application of molecular dynamics may enable 
the entropies to be calculated. Hence, no general 
metho<l is currently available for the prediction or 
interpretation of the properties of complicated poly­
morphic or pseudopolymorphic systems. 

· 2.6. Directing the crystallization of specific 
polymorphs 

Complementing the different computational meth­
ods for predicting the stable poly.morphs of a given 
compound, various experimental methods are also 
being employed extensively to control the type of 
polymorph formed during the crystallization process. 
Many studies have reported the role of additives in 
controlling the outcome of the crystallization pro­
cess. Some of the preselected additives are capable 
of inhibiting the nucleation and/ or growth of the 
unwanted polymorphs. For the first time, the role of 
reaction by-products in controlling polymorph ap­
pearance of a drug has been reported (59]. This drug 
is sulfathiazole that is known to exist as polymorphs, 
forms I, 11, Ill and IV, that differ in the hydrogen­
bond network. Form I was found to be different from 
the other three forms as a result of a different 
hydrogen bonding at the aniline . moiety of the 
molecule. From studies of the hydrogen-bonding 
pqttern, it was predicted that the ethamido derivative 
of sulfathiazole could selectively control the forma­
tion of form I over other forms by entering the 
growing face of form· I without disrupting the 
structure (Fig. 7a). Because a_ similar effect was not 
possible with the other forms, incorporation of the 
ethamido derivative in the other fonns should inhibit 
their growth (Fig. 7b). Experimentally, it was shown 
that the ethamido by-product stabilized form I over 
the other polymorphs. This study clearly shows that 
the combination of crystal morphology and the 
hydrogen-bond network analysis of the . different 
polymorphs offer a new and powerful approach to . 
understanding and controlling polymorph appearance 
and stability in the presence of additives. 

A similar approach was also applied to stabilize a 
metastable a conformational polymorph of L­

glutamic acid using additives (60]. Methods such as 
DREIDING and TRIPOS force fields were used to 
select appropriate additives which could mimic the a 

and 13 conformations. Four additives were chosen for 
this study of which two were present exclusively in 
the 13 conformation and theoretically should selec­
tively inhibit the crystallization of the 13 phase and 
thus stabilize the metastable a phase. Experimental­
ly:, it was proven that the additives, by virtue of their 
conformation, were able to selectively inhibit the 
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Fig. 7. Possible binding interaction of ethamidosulfarnide in the fastest growing faces of (a) form I and (b) form JV of sulfathiazole ([59], 
reproduced with the permission of Elsevier Science). 

appearance of the stable 13 polymorph of L-glutamic 
acid by interfering with either the nucleation rates or 
the growth rates and thus stabilize the metastable 
form. These studies demonstrate cJearly that the 
molecular packing and intermolecular hydrogen 
bonds are the main features, which make possible the 
confonnational discrimination. The use of conforma­
.tional mimicry to stabilize the metastable structures 
of conformational polymorphs now offers a powerful 
tool for the prediction and development of robust 
processes for the control of polymorphic systems. 

2. 7. Characterization of polymorphs using a 
combination of .analytical techniques 

. The common techniques often fail to differentiate 
definitively between two structurally similar poly­
morphs. Hence more advanced techniques or a 
combination of techniques need to be used to avoid 
errors of interpretation and in the identification of 
polymorphs [24]. Combinations of techniques are 
being employed currently for the characterization of 
crystalline pharmaceutical solids. For example, con­
ventional single-crystal X-ray diffractometry and 
polarized microscopy were of no use in distinguish­
ing the two forms I and II of roxifiban, a very 
promising cardiovascular drug, because of the rela­
tively small crystallite sizes of the polymorphs. 
Hence, transmission electron microscopy (TEM) and 

synchrotron X-ray diffraction techniques were em­
ployed to characterize the unit cells of the two forms. 
By coupling the highly resolved synchrotron powder 
X-ray diffraction data shown in Fig. 8, with in-

1.0 1--,----'--------'----------; 
(a) 

.0 l.l 1.4 1.6 

Q. ;!;' 

Fig. 8. A partial comparison of (a) a synchrotron pattern of 
polymorph ll of roxifiban, collected using a wavelength of 
1.00006 A with (b).a .. conventional X-ray diffraction pattern using 
CuKa radiation in a region where there are many overlapping 
peaks. The patterns· are plotted as a function of Q = 2rrld = 41T 
sin 0/J.. to remove the effects of different wavelengths ([61], 
reproduced with the permission of the American Pharmaceutical 
Association). 
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formation obtained from TEM diffraction patterns, 
the unit cell parameters of the two forms of roxi:fiban 
were determined [61]. Similarly, the three modi­
fications, I, Il and III, of the nonsteroidal antiinflarn-

. · matory drug, tiaprofenic acid, could not be dis­
tinguished by the two traditional spectroscopic meth­
ods, FTIR and FT-Raman spectroscopy. The modi­
fications can only be distinguished by a combination 
of thermoanalytical and powder X-ray diffractomet­
ric methods (62]. 

Another example, to which a combination of 
techniques has been successfully applied to identify 
the various conformational polymorphs of a drug, is 
the characterization of the solid forms of neotame 
[29]._ Neotame, N-(3,3-dimethylbutyl)-L-aspartyl-L­
phenylalanine methyl ester, a new high-potency 
sweetener exists in the following phase-pure crys­
talline forms: rnonohydrate, the most stable crys­
talline form of neotame under ambient conditions, a 
methanol+ water solvate [63], a methanol solvate 
[64], an amorphous anhydrate [29] and a crystalline 
anhydrate (form A; [65]). The authors conducted a 
systematic study of the conversion of the monohy- . 
drate under vacuum to a mixture of anhydrate forms 
followed by the reconversion of the anhydrate to the 
monohydrate upon exposure to moisture under am­
bient conditions. No significant changes were ob­
served in the powder X-ray diffraction patterns 
during part of the reconversion process, suggesting 
that no change in lattice structure had occurred. 

13 . 
However, the solid-state C-CP-MAS NMR spectra, 
indicated the presence of several forms of neotame 
during the reconversion (Fig. 9). This discrepancy in 
the results between the two techniques was attributed 
to the conformational change of neotame mo.lecules 
during reconversion, without significant change in 
unit cell parameters. This example indicates that both 
solid-state 13C-CP-MAS NMR spectroscopy and 
powder X-ray diffractometry are needed to analyze 
mixtures of solid forms of conformationally flexible 
molecules, such as neotame. 

A combination of solid-state 13 C-NMR spectros­
copy and single crystal X-ray diffractometry also has 
been used to examine the solid-state tautomerisrn of 
acetohexamide [66,67]. Polymorphism of the anti­
diabeti.:: drug acetohexamide has been investigated 
by numerous techniques. On the basis of FTIR data, 
form A of acetohexamide has been proposed to exist 

l]j.$ 
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Fig. 9. Resonance signal of the phenyl carbon (C-15) attached to 
the side chain in the 13 C-CP-MAS NMR spectra of neotame 
anhydrate: (a) sample generated by placing the original ll!Onohy­
drate under vacuum (- I Torr) for 3 days; {b...:e) sample after 
being sealed in a jar · for 2, 4, 6 and 8 days, respectively; ( f) 
sample after being e,cposed to a relative humidity environment of 
84% for 12 days ([29], reproduced with the permission of the 
American Chemical Society). 

in the enol-tautomeric state, whereas _form B has 
been proposed to be in· the keto-tautomeric state. 
Using NMR and crystal structure data it was firmly 
established that both these acetohexamide polymor­
phic forms are present in the keto-forrn. Hence the 
combination of solid-state NMR spectroscopy and 
X-ray crystallography provided strong evidence that 
both forms of acetohexamide exist in the keto­
tautomeric state and are truly polymorphic. 
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3. Recent advances in the identification and 
characterization of hydrates and solvates · 

3.1. Introduction to solvates and hydrates 

It has been estimated that approximately one-third 
of the pharmaceutically active substances are capable 
of forming crystalline hydrates [68]. The water 
molecule, because of its small size, can easily fill 
structural voids and because of its multidirectional 
hydrogen bonding capability, is also ideal for linking 
a majority of drug molecules into stable crystal 
structures [2]. The mere presence of water iri a 
system is not a sufficient reason to expect hydrate 
formation, because some compounds, though they 
are soluble in water, do not form hydrates. It is the 
activity of water in the medium that determines 
whether a given hydrate structure will form. Solvates 
may be formed when a pure organic solvent or a 
mixture of solvents is used as the solvent for 
crystallizing the compound. Guillory [69} has dis­
cussed the various methods of preparation of hy­
drates and solvates in detail. Because solvates be­
have similarly to hydrates, common analytical tech­
niques can be used for characterization of so!vates 
and hydrates. 

3.2. Structural aspects 

Crystalline hydrates, based _on their structure may 
be classified into three categories. The first category 
(class I) are the. isolated site hydrates, where the 
water molecules are isolated from direct contact with 
other water molecules by intervening drug mole­
cµles, e.g., cephradine dihydrate. The second cate­
gory (class 2) are channel hydrates where the water 
molecules included in the lattice lie next to other 
water molecules of adjoining unit cells along an axis 
of the lattice, forming channels through the crystal, 
e.g., ampicillin trihydrate. The channel hydrates can 
be subclassified into two subcategories. One category 
comprises the expanded-channel or nonstoichiomet­
ric hydrates, which may take up additional moisture 
in the channels when exposed to high humidity and 
for which the crystal lattice may expand or contract 
as the hydration or dehydration proceeds effecting 
changes in the dimensions of unit cells, e.g. 
cromolyn sodium. The other subcategory comprises 

the planar hydrates, which are channel hydrates in_ 
which water is localized· in a two-dimensional order, 
or plane, e.g., sodium ibuprofen. The third category 
( class 3) of crystalline hydrates are the ion-associated 
hydrates, in which the metal ions are coordinated 
with water, e.g., calteridol calcium [8,9). 

In this section, some examples of nonstoichiomet­
ric hydrates and their characterization will be dis­
cussed in detail because these forms pose a special 
challenge in dosage form development due to unpre­
dictability of water content in the crystals. Following 
the work of Cox et al. [70] the unusual water uptake 
and formation of nonstoichiometric hydrates of 
cromolyn sodium was reinvestigated using single 
crystal X-ray diffractometry, PXRD, as well as by 
molecular modeling [71]. Cromolyn sodium, an 

- antiasthmatic drug, exists as two liquid crystalline 
phases and a crystalline hydrate phase that sorbs and 
liberates water continuously and reversibly to give a 
continuous range of nonstoichiometric hydrates [70). 
The changes in the PXRD patterns of the crystalline 
hydrate phase of cromolyn sodium in response to the 
surrounding relative humidity (RH) were explained 
in the light of the molecular and crystal structure of 
cromolyn sodium. Single crystal X-ray diffrac­
tometry indicated the space group for cromolyn 
sodium as PI, a chiral space group, even though the 
molecule itself is achiral. The crystal structure of 
cromolyn sodium with five or six water molecules 
per cromolyn sodium molecule, solved at room 
temperature by Hamodrakas et al. [72], revealed the 
positions of only one sodium ion and two water 
molecules and showed that the second sodium ion 
and the other water molecules are disordered.- Re­
cently, the single crystal structure of cromolyn 
sodium at 76% RH, with 6.44 molecules of water 
was solved at 173 K by Chen et al. [71]. This work 
showed that the second undetermined sodium ion is 
disordered over three sites and that four of the eight_ 
water positions are partially occupied. Comparison 
of the crystal structures determined by Hamodrakas 
et al. (72] and Chen et al. [71 J indicated that the 
cromolyn anion is flexible. In particular, the bond 
and torsional angles of the 2-hydroxypropane linking 
the two cyclic moieties, changed to accommodate 
lattice expansion or contraction resulting from water 
sorption and desorption by the crystals. As water is 
taken up, the relative occupancies of the sites of the 
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second sodium ion and that of water molecules 
change. As a result, the triclinic structure with a > 
90° approaches the monoclinic form with a = 90°. 
To summarize, the presence of large water channels, 
the flexibility ,of the 2-hydroxypropane link, the 
disorder of the second sodium ion (Fig. 10) and the 
disorder of the surrounding water molecules in the 
crystal lattice explain !he reversible and nonstoich­
iornetric water sorption and desorption by cromolyn 
sodium. This study emphasizes the importance of the 
detailed single crystal structure in explaining many 
unusual physico-chemical properties of drug hy­
drates. 

The muscarinic agonist, LY297802 tartarate {i.e., 
( + )-3-[3-(butylthio)- l ,2,5-thiadiazol-4-yl]-l­
azabicyclo[2.2.2]octane monohydrogentartrate}, was 
also found to exhibit an unusual tendency to form 
nonstoichiometric hydrates of variable, but specific 
composition, ranging from 0 to 0.5 mo! of water 
[73]. Solid-state 13C-NMR spectroscopy, in conjunc­
tion with moisture sorption analysis and X-ray 
crystallography was used to provide unique insights 
into nonstoichicimetric moisture sorption behavior. 
The PXRD patterns of the drug exposed to different 
RH values (0 to 75%), indicated neither a peak shift 
nor the presence · of any new peaks, suggesting that 

the anhydrous and the hydrated forms of the drug are 
isomorphic. Fig. 11 shows the significant changes in 
the SSNMR peaks on exposure to different relative 
humidities and temperature, indicating that water 
incorporated into the crystal lattice changes the local 
chemical environment and causes the observed NMR 
changes. The incorporation of water into the crystal 
lattice of the drug was also confirmed by X-ray 
crystallography. The considerable hygroscopicity of 
the drug was rationalized in terms of the similar 
crystal structures of the hydrated and nonhydrated 
forms, and hence no significant structural modi­
fications are needed for the reabsorption of water 
into the solids. The rates of dehydration and rehydra­
tion are largely determined by the size of the water 
channels and the strength of the hydrogen-bonding 
interactions that bind the water molecules in the 
channels. 

Another interesting study with different solvated 
forms of L-lysine monohydrochloride (LH) was 
conducted by Bandyopadhyay et al. [74]. LH was 
found to form: a pure methanol solvate at water 
activity, aw< 0.34, with methanol activity, am> 0.7; 
a dihydrate at aw > ~ 0.65 with am < 0.45; and 
mixed solvates at intermediate values of aw and am. 
It was found that the dihydrate and the mono-

0(15) 

Fig. 10. In hydrated cromolyn sodium, coordination environment of: (a) the first (ordered) sodium ion, Na( I), shown in two neighboring 
unit cells (A and B); and the second (disordered) sodium ion at the three partially occupied sites, (b) Na(2), (c) Na(3), and (d) Na( 4). The 
striped circles represent the sodium sites. The open circles represent the oxygen atoms coordinated to Na( l ). The dotted· (gray) circles 
represent the oxygen atoms coordinated to Na(2), Na(3), or Na(4) ([71], reproduced with the permission of the American Pharmaceutical 
Association). 
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Fig. 11. Solid-state llC-NMR spectra of L Y297802 tartrate {( + )-
3-[3-(butylthio)- l ,2,5-thiadiazol-4-yl]-1-azabicyclo[2.2.2Joctane 
monohydrogentartrate} after storage at 0% humidify and before 
and after drying at elevated temperatures ([73], reproduced with 
the permission of the American -Pharmaceutical Association). 

methanol solvated forms of LH possessed similar 
crystal structures, similar PXRD patterns, but dif­
fered in the crystal habit. The crystal structures of 
LH hydrate and methanol solvate indicate that one 
molecule of methanol in the methanol solvate oc­
cupies approximately the same volume as the two 
water molecules in the dihydrate. During dehydration 
in the presence of methanol in the crystallization 
medium, the loss of one or more water molecules 
from the crystal lattice was compensated by the 
gradual uptake of methanol into the crystal structure 
to satisfy the hydrogen bonding pattern within the 
lattice with_ minor rearrangements, giving rise to 
mixed solvates. The similarities of the crystal lattices 
of the dihydrate and monomethanol solvate explain 
the similarity of the PXRD patterns. 

3.3. Phase transformatio_n of hydrates and solvates 

Phase changes due to hydration/ dehydration and 
solvation/desolvation of phannaceutical compounds 
during processing or in the final product may result 
in an unstable system that would effect the bioavail­
ability of drug from solid dosage forms. Various 
types of phase changes are possible in solid-state 
hydrated or solvated systems in response to changes 
in environment.al conditions, such as relative humidi­
ty, temperature and pressure. For example, some 
hydrated compounds may convert to an amorphous 
phase upon dehydration and some may convert from 
a lower to a higher state of hydration yielding forms 
with_ lower solubility. Alternatively, a kinetically 
favored but thermodynamically unstable form may 
be converted during pharmaceutical processing to a 
more stable and less soluble form [8]. The phase 
transitions in hydrates and solvates can occur at 
various stages of dosage form development. Morris 
[9] has discussed the behavior of hydrates during 
processing, handling and storage of formulations in 
detail. 

The phase transformations associated with expo­
sure to water, such as during solubility measure­
ments, wet granulation processes, dissolution studies 
and accelerated stability tests are likely to occur via 
solution mediation. Solution mediated phase trans­
formations depend upon the solution phase to pro­
vide the mobility necessary to rearrange in the most 
stable form and hence are much faster than solid­
state transformations. The rate of a solution-mediated 
transformation is 'proportional to the solubility of the 
species involved. Temperature, pressure and relative 
humidity may increase the rate of phase transforma­
tion of hydrates by inducing mobility in the system. 

Solution-mediated . phase transformations have 
been reported for many hydrate systems, such as 
theophylline crystals (17], eprosartan mesylate [75]. 
and nedocromil sodium [76]. Ghosh and Grant [77] 
have addressed a common problem associated with 
the characterization of solvates which centers around 
the determination of solubilities of solvates and of 
nonsolvates that undergo phase transformation in the 
presence of an interacting solvent, such as salvation 
of nonsolvates in the solvent of crystallization or the 
desolvation of solvates in water. A thermodynamic 
cycle analogous to Hess's law but based on free -
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energies has been .developed to predict the theoretical 
solubilities of l ,2-dialkyl-3-hydroxy-4-pyridones, 
which form 1: l formic acid solvates in the presence 
of formic acid, and of the l: l formic acid solvates 
which produce the corresponding m1solvated com­
pom1ds in the presence of water. A good correlation 
was obtained between the solubility values measured 
by the standard extrapolation method and that calcu­
lated by means of the thermodynamic cycle. 

Apart from identifying and characterizing the 
phases during various stages of drug development, it 
is very important to gain an understanding of the 
dehydration/hydration mechanisms and kinetics. 
Many models have been developed to account for the 
dehydration kinetics of the crystalline hydrates [78]. 
Nucleation is the most significant phenomenon in 
determining the transformation kinetics, that is, the 
rate of formation of a new phase [8]. The dehydra­
tion kinetics to some extent will also depend upon 
the class of the hydrate system to which the· drug 
belongs, particle size and morphology. The practical 
applications of understanding the dehydration kinet­
ics, as indicated by Morris [9], are mainly the 
determination of the conditions for allowable expo­
sure of bulk drug substances during development and 
processing, proper packaging, allowable temperature 
ranges for shipping, storage, and labeling of the final 
product, and the· initial selection of a form for 
development. 

3.4. Prediction of the formation of hydrates and 
solvates 

. Predicting the formation of solvates or hydrates of 
a compound and the number of molecules of water 
or solvent incorporated into the crystal lattice of a 
compound is complex and difficult. Each solid 
compound responds m1iquely to the possible forma­
tion of solvates or hydrates and hence generalizations 
cannot be made for a series of related compounds. 
Certain molecular shap·es and features favor the 
formation of- crystals without solvent; these com­
pounds tend to be stabilized by efficient packing of 
molecules in the crystal lattice, whereas other crystal 
forms are more stable in the p1esence of water 
and/or solvents. There may be too many possibilities 
so that no computer programs are currently available 

for predicting the crystal structures of hydrates and 
solvates. 

3.5. Characterization of hydrates and solvates 

The common methods for the characterization of 
hydrates and solvates are polarized light microscopy 
and hot stage microscopy, DSC, TGA, Karl Fischer 
titrimetry, single-crystal X-ray diffractometry, pow­
der X-ray diffractometry, and infrared spectroscopy. 
These methods have been reviewed in detail [21] and 
will also be discussed in detail in later chapters. 

Pressure DSC is gaining increasing popularity in 
the study of solvates and hydrates where dehydration 
reactions occur above or near the boiling point of 
water. Using conventional DSC, it is very difficult to 
measure the heats of dehydration and heat of vapor­
ization separately, but if one conducts DSC experi­
ments at elevated pressures, the two processes may 
be completely separated. ·The advantage of using 
pressure DSC is that the pressure can be precisely 
controlled and the solids can be subjected to a 
controlled temperature program while under substan­
tially elevated temperatures. The influence of ele­
vated pressures on the solid-state behavior of car­
bamazepine dihydrate was studied by Han and 
Suryanarayanan [79]. In Fig. 12 it is shown that 
pressure DSC can separate· the dehydration and 
vaporization endotherms of carbamazepine dihydrate 
during its conversion to the anhydrate form. Also the 
technique permitted the water liberated on dehydra­
tion to remain in intimate contact with the anhydrous 
phase formed which could significantly influence its 
solid-state properties . 

The combined physical analytical techniques of 
thermogravimetry and irifrared spectroscopy (TG / 
IR1 can permit identification of the solvent incorpo­
rated into the crystal lattice. This combined tech­
nique has been used to study formulated products, 
such as capsules and tablets [80]. · 

4. Current challe1_1ges and future directions 

4.1. Origins o/ the challenges 

A series of flow charts and decision trees have 
been presented and discussed [11,22] that can be 
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Fig. 12. Differential scanning calorimetry (DSC) curves of car­
bamazepine dihydrate at different pressures: (a) at atmospheric 
pressure in a conventional DSC cell, (b) at atmosph.eric pressure 
in a pressure DSC (PDSC) cell, (c) I 00 p.s.i., (d) 200 p.s.i., (e) 
300 p.s.i., (f) 400 p.s.i., and (g) 600 p.s.i. (I p.s.i. = 6.9 kPa) 
(179], reproduced with the permission of Elsevier Science). 

used by investigators to characterize the polymorphs 
and solvates of compounds under development or for 
registration with regulatory authorities. Due to the 
complex and nonconventional behavior of various 
o~ganic drug molecules, there are many opportunities 
for research and development in the area of charac­
terization of polymorphs and solvates. Some of the 
problems which are commonly encountered during 
characterization of crystalline solids and which need 
to be addressed are: disorder in the crystal lattice due 
to pharmaceutical processing leading to conversion 
of a crystalline phase to an amorphous material or 
phase conversion from one form to the other; 
quantitating the amount of single polymorph in a 
mixture of polymorphs; identifying·the solid form of 
the active ingredient in the formulated product, 
particularly when the drug is a minor component in 
the presence of numerous other materials (excipi-

ents); and the issues of disappearing polyrnorphs and 
the appearance of new polymorphs. In the following 
sections we will address some of these issues and 
some of the studies that have addressed these 
problems. 

4.2. Phase. transformations during processing 

The effects of pharmaceutical processing on the 
crystalline state of drug polymorphs and solvates 
have been discussed recently by Brittain and Fiese 
[ 16]. Exposure to changes in temperature, pressure; 
relative humidity and comminution are encountered 
during processes such as drying, granulation, milling 
and compression. The stresses applied to crystals 
during pharmaceutical processing can cause defects 
in their crystal lattices, and contribute to lattice 
disorder, thus affecting the physical properties of the 
resulting powder_ (81]. This problem bas been dis­
cussed in detail by Byrn et al. [ l O]. Arising from 
different degrees of crystalline disorder, the difficulty 
in reproducing materials with the same properties is 
a major concern in the pharmaceutical industry. 

Milling, the last processing step in the production 
of bulk drug substance to reduce particle size, is 
often accompanied by a decrease in crystallinity due 
.to the creation of lattice defects, beginning at the 
surface. The defects created by mechanical activation 
of the solid on the surface can migrate, transform, 
and change their number and nature. If the defects in 
the mechanically activated crystal heal to produce a 
crystal lattice different from the initial lattice, then a 
polymorphic transformation has taken place. Milling­
induced polymorphic changes have been observed 
for many small drug molecules, such as fostedil, 
chloramphenicol palrnitate, indomethacin and 
phenylbutazone [ 16]. Polymorphic transformation of 
the dipeptide sweetener, aspartame hemihydrate, can 
occur during milling [82). Polymorph II of aspartame . 
hemihydrate was found to transform to form I during 
ball-milling or on heating for 30 min at l 60°C in the 
presence qf steam as shown in the X-ray diffraction 
pattern' (Fig. 13). The susceptibility of form II of 
aspartame hemihydrate to transform to form I has 
been attributed to the less symmetric crystal structure 

· of form II compared to that of form I as studied by 
spectroscopic methods. 

Some authors, such as Hiittenrauch [81] have 
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Fig. 13. Powder X-ray diffraction patterns of aspartame 
hemihydrate: (a) theoretical powder pattern calculated from the 
crystal structure of aspartame hemihydrate ( form I) determined by 
Hatada et al., ( 1985) [99], (b) experimental powder pattern of the 
ball-milled aspartame hemihydrate (form I), (c) experimental 
powder pattern of aspartame hemihydrate that had been heated for 
30 min at 160°C in the presence of steam (form I), (d) experimen­
tal powder pattern of aspartame hemihydrate after compression at 
2so· MPa for l min (form II), and (e) aspartame hemihydrate as 
received (form II) ([82], reproduced with the permission of the 
American Pharmaceutical Association). 

suggested that the trauma to crystals during grinding 
may lead to a decrease in crystallinity, which should 
improve the compression capacity and dissolution 
rate of the drug molecules. This hypothesis was 
te.sted by studying the morphology, crystalline state, 
compression capacity and dissolution properties of 
native and ground crystals of aspirin and lactose 
monohydrate [83]. No significant increase in com­
pression capacity was observed when native and 
ground crystals were compared. Only a slight in­
crease in the dissolution rate was observed for 
ground aspirin crystals which was attributed to 
surface defects due to grinding· resulting in improved 
crystal wetting. 

The effect of roller compaction on lattice defects 
and phase change has been examined for aspirin 
[84]. The water vapor sorption isotherm obtained for 
aspirin on roller compaction indicated much more 

water uptake than had been reported previously for 
other crystalline samples of aspirin under similar 
conditions. Various possibilities were suggested for 
the unusual water uptake of aspirin on roller compac­
tion, such as formation of a polymorphic form of 
aspirin with a much greater affinity for water, 
formation of a crystalline hydrate in the aspirin 
sample, or significant reduction in particle size of the 
aspirin · particles thereby providing an increased 
specific surface area for water vapor adsorption. It is 
also possible that roller compaction disrupted the 
crystalline order of some part of the aspirin crystals 
forming amorphous regions, which then take up 
relatively large quantities of water into their bulk 
structure. This example clearly indicates that pro­
cesses, such as roller compaction, can introduce 
considerable disorder in the surface o_f crystals 
leading to a marked increase in the tendency to sorb 
water vapor. 

Thermal activation, like mechanical activation 
during processing, also results in a high-energy state 
of crystals that may reorganize into a different lattice 
arrangement resulting in a phase change. The ther­
mal stability of drug substances is important, because 
formulations are often dried at elevated temperatures 
after wet granulations so that the tablets may contain 
small regions of high temperature (hot spots) during 
compression. Various- examples have shown that a 
change of temperature may influence the stability of 
drug molecules [ 16]. The effect of low temperatures, 
such as during freeze-drying, on the crystalline form 
of the drug has also been studied. The formation of a 
new mannitol hydrate during freeze-drying has been 
reported [85). The formation of a crystalline hydrate 
by an excipient during freeze-drying may have 
several practical consequences, such that the difficul­
ty of removing bound water from the crystal lattice 
can significantly limit the drying rate, while the 
residual water that is not removed by freeze-drying . 
may be a potential threat to product stability if it is 
released during storage. The mannitol hydrate 
formed during freeze-drying survived the typical 
drying cycle and converted to the anhydrous poly­
morph of mannitol upon heating. 

Spray drying has also been shown to lead to loss 
of crystallinity in materials, by a combination of 
processes involving rapid solidification of dissolved 
material and solid-state transitions due to milling 
effects in the atomiser. Spray drying leads to conver-
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sion of a crystalline phase to an amorphous state and, 
because the amorphous state is metastable with 
respect to the crystalline form, phase transformations 
are likely to occur within the shelf life of the 
pharmaceutical product, resulting in loss of quality 
and potency in the product [86]. 

In view of the significant effects that the state of 
disorder in crystalline solids caused by pharmaceu­
tical processing can have on the properties of 
pharmaceutical solids, it is important to be able to 
assess the extent of disorder in a solid quantitatively 
down to very low levels. Various methods have been 
used to measure the percent disorder, such as using 
predetermined mixtures, measurements of X-ray 
powder diffraction, density and heats of crystalliza­
tion which revealed limits of detectability down to 
about 10%. Using water vapor sorption measure­
ments under very carefully controlled conditions, it 
was possible to detect disorder as low as l % in 
milled samples of sucrose [87]. A comparison of the 
four methods mentioned above for estimating the 
percent disorder of milled samples of sucrose gave 
very consistent results, once the underlying factors 
that make these techniques sensitive to the con­
centration of amorphous content were recognized 
and taken into account. 

4.3. Degree of crystallinity 

The previous section has emphasized that many 
phannaceutical processes lead to a decrease in 
crystallinity of drug phases. Various studies have 
concluded that the formation of amorphous material 
during processing is highly undesirable. The amor­
phous material, being in a thermodynamically meta­
stable state, is susceptible to reconversion to the 
crystalline state, affecting many physico-chemical 
characteristics of the drug. A later chapter provides 
detailed coverage of amorphous materials. An esti­
mation of the degree of crystallinity of a sample 
before and after processing poses one of the larger 
challenges facing the pharmaceutical field. Powder 
X-ray diffractometry is still the commonly used 
method for determining the degree of crystallinity, 
though this method suffers from ·some limitations 
due to peak broadening, amorphous halo, and pre­
ferred orientation · which make interpretation and 
quarititation- difficult. DSC may not be a sensitive 
method for measuring crystallinity due to crystalliza-

tion of the amorphous ~ontent at elevated tempera­
tures and the effects of differences in heat capacity. 
Solution calorimetry has been proposed as an accur­
ate method for analysis of percent crystallinity 
[11,88 ,89]. A decrease in the endothermic enthalpy 
of solution indicates a decrease in the crystallinity of 
the sample. However, differences in surface area 
produced by grinding or by other processing tech­
niques can also result in changes in the heat of 
wetting of a sample. Judicious choice of solvent can 
be employed to reduce such surface effects,. which 
themselves contribute to the observed crystallinity of 
the sample. 

Near infrared (NIR) spectroscopy is another tech­
nique being used to measure the degree of crys­
tallinity, and has al.so proved useful in studies of the 
polymorphism and water content of sugars. The NIR 
spectrum of a sample contains both physical and 
chemical information. Being noninvasive, nondes­
tructive and operable at room temperature, the 
method is a valuable tool with which to assess 
changes in the amorphous and crystalline state of 
lactose [90]. N:r;R has been used to follow the 
changes in the amorphous state, the onset of crys­
tallization, and the changes between a- and 13-lac­
tose, which accompany the onset of crystallization. 
In another study, the nucleation and crystallization 
kinetics of amorphous. lactose was investigated by 
gravimetry in an automated vacuum moisture bal­
ance. The combination of isothennal and nonisother­
mal activation energies allowed the investigation of 
both crystal growth and nucleation mechanisms and 
led to the separation of activation energies for 
nucleation and growth [91]. 

4.4. Characterization of mixtures of polymorphs 

Another common problem· encountered during 
drug development is quantitative control of the. 
proportion of polymorphic forms present in a mix­
ture. According to the US FDA regulations, the 
method of analysis for the proportion of forms must 
be validated, and also the proportion of forms must 
remain within stated limits through the retest date of 
the drug substance and potentially throughout the 
shelf life of the product. This is a very onerous 
requirement, especially if the forms have a tendency 
to interconvert. Byrn et al. [11] suggested that the 
best way to deal with this problem is probably by 
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developing methods to prepare only one crystal form 
and maintaining this form throughout processing. 
Powder X-ray dif:fractometry is often a useful meth­
od to. determine the percentages of polymorphs in a 
mixture. However, the detection limit is variable 
from case to case, and is sometimes as high as 15%. 
It is therefore important to .develop sensitive ana­
lytical methods with a lower limit of detection. 

Attenuated total reflectance (A TR) FTIR spec­
troscopy has been shown to be valuable for the 
quantitative analysis of the polymorphic content of · 
bulk pharmaceutical materials. The feasibility of 
using ATR-FTIR for the qualitative and quantitative 
analysis of mixtures of pharmaceutical polymorphs 
has been studied using three known polymorphs of 
ganciclovir as a model compound [92]. Definitive 
identification and quantitation of all three poly­
morphs could be achieved using ATR-FTIR spec­
troscopy in conjunction with partial least-squares 
modeling. This technique has many advantages, such 
as speed, nondestructiveness, relative ease of use, 
and most important, no sample pretreatment before 
measurement. 

Raman spectroscopy is another technique that is 
being widely used to quantitatively estimate the 
percentage of one polymorph in a mixture of poly­
morphs. FT-Raman spectrometry offers many advan­
tages, the most prominent being, minimal sample 
preparation, sensitivity to polymorphism, and nonin­
terference from water. Two polymorphs of 
fluconazole were characterized using FT-Raman 
spectroscopy and principal components regression 
using cross validation provided quantitative analysis 
of the percentage of one polymorphic form in the 
~ixture of other forms [93]. A novel sample holder 
was developed whereby the sample is held in an 
NMR tube which is rotated around its axis and at the 
same time moved up and down. This method of 
sample presentation leads to a large increase in the 
volume studied and is important for inhomogeneous 
samples for which sub-sampling is a problem. Pos­
sible degradation of the sample through heating by 
the laser can also be avoided [94]. 

X-Ray powder diffractometry is still the common 
method for the quantitative estimation of polymorphs 
in a mixture of polymorphs. This method requires 
that at least one high-intensity peak unique to each 
form is available for intensity measurements and that 

the plot of the peak intensity ratio as a function of 
the weight ratio of the components should result in a 
straight line. Modern computer controlled X-ray 
powder diffracto~eters now permit quantitative anal­
ysis of multicomponent mixtures using the complete 
powder diffraction profile rather than a limited 
amount of low-angle integrated intensity data. Artifi­
cial neural networks (ANNs) in quantitative X-ray 
powder diffractometry were used successfully to 
identify and quantify the two known modifications of 
ranitidine hydrochloride even when the weight frac­
tion of one polymorph in the mixture was as low as 
0.01 [95]. ANNs have been used mostly in problems 
of pattern recognition and modeling, and is therefore 
useful in deciphering the pattern in diffraction data 
from polymorphic mixtures. The ANN s model pre­
dicted concentration precisely, accurately, and with 
minimal bias through a wide range of ratios of the 
two known ranitidine hydrochloride polymorphic 
forms in a mixture (Fig. 14). This method minimizes 
the problems associated with preferred orientation 
and overlapping X-ray lines. The same group of 
researchers has shown the potential of ANNs in 
combination with DRIFT spectroscopy to analyze the 
polymorphic purity of crystalline ranitidine hydro­
chloride as a bulk drug and as an active ingredient of 
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Fig. 14. Predicted concentrations of the two polymorphic fonns 
(fonn I and 2) of ranitidine hydrochloride by the response surface 
methodology (RSM), a statistical modeling method, and by the 
artificial neural networks (ANNs) method, plotted against mea­
sured percentage of form 2 ([95], reproduced with the permission 
of Elsevier Science). 
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a tablet formulation. Simultaneous identification and 
quantification of all the ingredients in the tablet 
formulation was possible. This study has shown that 
the complex problem of quantifying a drug in 
mixtures containing two or more components with 
overlapping spectra can be solved by the DRIFT­
ANNs technique [96]. 

Another technique, which is gaining popularity in 
the quantitative analysis of mixtures of polymorphs, 
is solid-state 13 C-CP-MAS N1\l1R spectroscopy. This 
method was preferred for quantitative analysis of 
polymorphic mixtures of_ the herbicide, pen­
dimethalin, which exists as two polymorphs with 
different colors and crystal habits [27]. 13 C-NMR 
provided the most sensitive and definitive evidence 
of the transition from the yellow to the orange form. 
This method enabled as little as 2% of orange 
pendimethalin to be determined in a sample consist­
ing mostly of the yellow polymorph. It is the least 
invasive of the instrumental methods and can be used 
to detect the ratio of the two polymorphs in solid 
formulations. · 

A related challenge faced by the pharmaceutical 
industry rs the determination of the polymorphic 
nature of the drug in the presence of excipients in a 
dosage form especially when the active drug is 
present as a low percentage of the overall formula­
tion [97]. This problem can be addressed by develop­
ing sensitive techniques with lower limits of de­
tection or by using a combination of techniques. 

5. Conclusions 

In order to save time and cost it is very important 
to· choose the most suitable form of the crystalline 
drug in the initial stages of drug development. In 
recent years a good deal of research has been 
directed towards achieving this goal. Systematic 
isolation and early characterization of the largest 
number of possible forms of a drug reduces the 
chances of surprises at the late production stage due 
to identification of a new crystalline form or phase 
change. With the development of more sophisticated 
computational tools, the main focus of many inves­
tigators is to be able to predict all the possible forms 
of a drug from its molecular structure. Understanding 
the origins of the multiple solid forms of a drug 

molecule, either due to differences in packing ar­
rangement or conformation of the molecules, be­
comes the first step in prediction. Single crystal 
X-ray diffractometry and solid-state NMR spectros­
copy are two techniques that are gaining increased 
application in determining the various crystal struc­
tures and the origins of polymorphism and pseudo­
polymorphism of a particular drug. When crystal 
structures can be calculated with certainty, it will be 
possible to predict the various polymorphs of a 
compound and this information could be used to 
guide experimental studies. This goal may be dif­
ficult to achieve owing to the complex molecular 
structures of new organic molecules and the presence 
of several molecules in each asymmetric unit, but the 
future development of improved force fields and 
increased computational speeds, may make it achiev­
able. 

Improved experimental methods leading to more 
accurate and detailed phase diagrams are also finding . 
increased use in determining the stability of various 
polymorphs. It is important to make every effort to 
prepare and to identify the most stable_ polymorph in 
order to guide the selection of the· optimal form for 
development. The emergence of sensitive methods 
and the use of combination techniques, facilitate the 
identification and the more accurate characterization 
of the various polymorphs of a drug molecule. One 
of the main analytical challenges faced by the 
pharmaceutical analyst is the development of better 
quantitative methods for identifying a single poly­
morph in a mixture of polymorphs and for determin­
ing the percentages of amorphous or crystalline 
content of the drug. More and more sensitive meth­
ods are being developed to address this problem. 

. An increased understanding of the phenomenon of 
polymorphism should enable pharmaceutical scien­
tists to gain control over the crystallization process in 
order to selectively obtain the desired polymorph or . 
suppress the growth of an undesired one. Phase 
changes during processing and scale-up are a prob­
lem, which may be avoided by carefully designed 
initial small-scale studies. The availability of detailed 
structural data, combined with strategic design of 
substrates and additives, has led to significant ad­
vances in the control over the polymorphs obtained 
in a particular crystallization [98]. With all the 
information available from these initial studies, it 
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should be possible to design and to select processing 
conditions which would give a desired polymorph 
and maintain the desired form throughout the various 
stages of drug processing and manufacture. 
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I.· Introduction 

. The polyrnorph_ism of any element or compound is its ability to crystallize 
as more than one distinct crystal species (e.g,, carbon as cubic diamond or 
hexagonal graphite). In spite of the fact that different polymorphs of a given 
compound are, in general, as different in structure and properties as the 
crystals of two different compounds, most chemists are almost completely 
unaware of the nature of polymorphism and the potential usefulness of 
knowledge of this phenomenon in research. As one example of the latter 
might be mentioned the fact that the .efficacy of a drug depends on its solu­
bility in the blood or in the gastric fluids, and the solubility may vary as much 
as an order of magnitude from one crystal form of a given compound to 
another. Density, hardness, crystal shape, optical and electrical properties, 
vapor pressure, etc., all vary- with the polymorphic form. In many systems 
it is possible to obtain different crystal forms and thus obtain the best per­
fom1ance properties for that compound. To do so requires a knowledge of 
the phenomenon and of the behavior of polymorphs. 

Mitscherlich is generally given credit for first using the ter:ID polymorphism 
during his work on the isomorphous sulfates of iron (ferrous), cobalt, nickel, 
magnesium, copper, zinc, and manganese. It is, however, obvious that the 
idea was not new at that time, since Humphrey Davy in 1809 pointed out that 
diamond and graphite are both carbon and that the two differ only in their 
arrangement of carbon atoms in the solid phase: Indeed, Klaproth may have 
been the first to be aware of polymorphism when he observed (1788) that 
calcium carbonate crystallizes both as calcite and as aragonite. 

Since that time a very large number of compounds, organic and inorganic, 
as well as the elements themselves, have been shown to crystallize in two or 
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more different crystalline arrangements-chemically identical, physically 
different. Besides graphite and diamond there are, to name a few in the 
mineral field, wurtzite and sphalerite (ZnS); calcite, aragonite, and vaterite 
(CaCO3); rntile, brookite, and anatase (TiOa). Most compounds, especially 
organic ones, do not have special names for the polymorphic forms and 
instead have been referred to as a:, (J, y, etc., or I, II, III, etc., depending on 
the worker's whim. Many compounds are not content with two or three 
different crystal forms but have five, six, or seven, and even ten, eleven, or 
more. Ammonium nitrate has five forms, progesterone also has five, water 
has eight or nine, tripalmitin has seven, and some drugs have been found to 
have ten or more different crystal forms. 

It is at least this author's opinion that every compound has different 
polymorphic forms and that, in general, the number of forms known for a 
given compound is proportional to the time and money spent in research on 
that compound. A corollary of this Parkinsonian digression is that all the 
common and important compounds (and elements) show polymorphism­
silica, iron, calcium silicate, soap, sulfur, paraffin waxes, etc. It is now 
apparent that most, if not all, compounds and elements show a variety of 
different crystal forms. Deffet (J). has summarized .the properties of a 
number of organic systems exhibiting polymorphism. 

A polymorph is a solid crystalline phase of a· given compound resulting 
from the possibility of at least two different arrangements of the molecules of 
that compound in the solid state. The molecule i~self may be of different 
shape in the two polymorphs, but that is not necessary and, indeed, certain 
changes in shape (involving dynamic isom·erism or tautomerism) involve 
formation of different molecules and hence do not constitute polymorphism. 
Geometrical isomers or tautomers, even though interconvertible and rever­
sibly so, cannot be called polymorphs although they may behave in a con­
fusingly similar manner (see Section VIII-3). Shape changes, permissible in 

· the molecule crystallizing in two or more polymorphic forms, include 
resonance structures, rotation of parts of the molecule about certain bonds, 
an_d minor distortions of bond distances and. angles. These dis_tortions of 
molecular shape result from polarizability effects of one molecule on another 
due to the change in relative positions of adjacent molecules in the two 

· different crystalline arrangements. 
A safe criterion for classification of a system as polymorphic is the follow­

ing. Two polymorphs will be different 1n-crystalstructure but identical in the 
liquid and vapor states. Dynamic isomers will melt at different temperatures, 

. as do polymorphs, but will give melts of different composition. In time each 
of these melts changes to an equilibrium mixture of the two isomers with 
temperature-dependent composition. Some reported cases of polymorphism 
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are undoubtedly dynamic isomerism, since the two behave quite similarly, 
especially if the equilibrium between the two isomers is very rapidly estab-
lished. · 

Polymorphism of the elements is often referred to as allotropy, although 
the same term is also applied to elements such as sulfur and phosphorus, for 
which different molecular species exist. Sulfur, for example, exists in the 
melt as a ternary mixture of Si, Sw S" molecules, a dynamic equilibrium 
varying in composition with temperature and pressure. S_. is the normal 
form and crystallizes as either of the two common polymorphs, orthorhombic 
or monoclinic. There seems to be little justification for use of the special 
word allotropy for the elements, since it includes two phenomena identical in 
character and behavior with true polymorphism and true ·dynamic isomerism 
exhibited by compounds in general. Polymorphism must also be carefully 
differentiated from polymerization. Oxygen (02) and ozone (03) are different 
polymers, just as paraldehyde is a polymer of acetaldehyde. Both dynamic 
isomers (tautomers) and polymers have different liquid as well as different 
solid phases; polymorphs, again, are different in the solid state but are iden­
tical in the liquid phase. 

II. Mechanisms of Polymorphic Transformation 
~ 

:i Buerger (2) has summarized the different types of polymorphic trans- ,1 
formations on the basis of the structural changes involved (Table I). He } 
has also included the general range of the rates of transformation for each ~ 

type. A rough correlation between rate and type of transformation is possible i' 
because the energy required to effect a transformation is related to the } 
structural changes involved. However, exceptions to the tabulated rates have· j· 

TABLE I 

TRANSFORMATI_ON TYPES AND RELATIVE RATES OF TRANSFORMATION 

Transformations of secondary coordination ·(network transformations) 
Displacive . (rapid) 
Reconstructive (sluggish) 

Transformations of disorder 
Rotational 
Substitutional 

Transformations of first coordination 
Dilational 
Reconstructive 

Transformations of bond type 

(rapid) 
(sluggish) 

(rapid) 
(sluggish) 
(usually sluggish) 
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been observed, and it is usually best to expect unexpected behavior. The red 
and yellow forms of Hgl 2, for example, are related through a reconst1:uctive 
transformation, and, although this transition is difficult to initiate i'n single 
crystals, it progresses rapidly once started.· There is the further unusual 
observation that, when this transformation is repeated in the same crystals 
by recycling the temperature, the rates of both transformation and initiation 
are considerably increased. 

1. Transformations of Secondary Coordination 

A. Displacive Transformation 

A displacive transformation of secondary coordination involves bending 
but no breaking of the lattice network; consequently the rate of trans­
formation can be very rapid and the energy involved is low. The high­
temperature form has the higher symmetry and the lower density. 

B. · Reco,istructive Transformation 

Here the lattice network is broken and re-formed into a new arrangement. 
Since first coordination bonds are broken and re-formed, such transfor­
mations are usually very sluggish. The high-temperature form usually has 
the lower density but not necessarily the higher symmetry. 

A good example of these two types of transformation is furnished by SiO2, 

silica, which has seven crystal forms as shown in Table II. 

2. Transformations of Disorder 

A. Rotational Disorder Transformation 

:A rotational disor:der transformation is characteristic of a structure in 
which some weaker bonds are broken while the stronger bonds remain. 
Parts· of the molecule may then rotate about the fixed structure. This trans­
formation resembles the displacive transformation in that the high-tem­
perature form has the higher symmetry and lower de.~sity. 

B. Substitutional Disorder Transformation 

A substitutional disorder transformation takes ·plike in systems in which 
two different atoms present in the lattice can, from a valence a~d ionic radius 
point of view, occupy the same lattice points. In this case, diltusion of one 
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atom species among the other atom species may cause the system to pass from 
a system of high order to one of disorder. Metals and silicate minerals show 
this type of transformation. In a feldspar having the formula Na(Si;, Al)0

8 
or Ca(Si2, A1J08, the Si and Al may be ordered with respect to the overall 
lattice at low temperatures but disordered at high temperatures. Again the 
high temperature forms have the higher symmetry and the lower density. 

TABLE II 

TRANSFORMATIONS OF SILICA 

Reconstructive 

Cristobalite 

1410°c 

Tridymite 

r ,wc 

y 

Quartz 

Displacive 

High cristobalite 

t 200-210°c 

Low cristobalite 

High tridymite 

tl60"C 
y 

Middle tridymite 

tl05°C 
Low tridymite 

High quartz 

tsn•c 
Low quartz 

3. Transformations of First Coordination 

A. Dilational Transformation 

A dilational transformation resembles in ~ome respects a displacive trans­
formation in that"it involves small shifts in position, but it also involves 
a change in coordination number resulting from differential dilation. CsCl, 
NH4Cl, and NH4Br are characterized in the low-temperature form by a cubic 
lattice having 8-fold coordination. Above· the transition temperature the 
structure expands along a body diagonal and contracts normal to this 
direction. The net result is a breaking of the contact between the body center 
atom and the terminal atoms on the body diagonal; this results in closer 
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coordination with the other six atoms. The CsCl structure with 8-fold 
symmetry changes thereby to an NaCl structure with 6-fold symmetry. 

B. Reconstructive Trans/ ormation 

Whe·n the change from one type of first coordination to another involves 
a reconstruction similar to the reconstructive transformations involving 
secondary coordination, the change is said to be a reconstructive trans­
formation involving first coordination. The very sluggish transformation 
between aragonite and calcite is of this type. 

4. Transformations of the Bond Type 

These transformations involve a basic change in bond structure from 
metallic to nonmetallic, as in diamond ~ graphite and white tin ;,= gray tin 
or from hydrogen bonding to van der Waals bonding in some organic 
compounds. 

5. First- and Second-Order Transitions 

There is another convenient way to classify transformations in general: 
first-order and second-order transitions. The former· are the usual type. They 
occur at precise transition temperatures; or, rather, the free energies of the 
two forms become equal at a definite transition temperature, although the 
transformation itself may or may not occur. There is also a sudden change 
during first-order transformation in all physical properties of the solid 
(crystal symmetry, refractive indices, cell dimensions, density, specific heat, 
entropy, conductivity, hardness, melting point, etc.). A second-order tran­
sition, on the other hand, involves no abrupt change in entropy at the 
transition temperature, although the gradual change becomes more rapid at 
that temperature. The specific heat, however, rises to a high and sharp 
maximum at the second-order transition point (often called a lambda point). 

A second-order transition may or may not involve a change in crystal 
structure. In any case, the change in lattice is not great and the properties of 
the two "forms" will be very similar. The ammonium halides show several 
second-order transitions. Ammonium bromide, for example, is tetragonal, 
though pseudo-cubic, at low temperatures; ·but at -39°C the lattice changes 
to body-centered cubic, and at about 41 °C-the lattice again changes to face­
centered cubic. Both are second-order transitions. 

Order-disorder and rotational transformations are often the basis for 
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second-order transitions in solids. In addition, the demagnetization of iron 
and cobalt on heating falls in this category. Stavely (3) has ~ritten an excel­
lent discussion of second-order transitions. 

III. Nucleation 

Attempts to categorize phase transformations have been very successful, 
especially through the efforts of Buerger (2); however, as an increasing 
number of systems become better understood, it becomes more obvious that 
there is a continuous.spectrum of behavior. Although Buerger's classification 
gives unequivocal categories for perhaps 90% of all transformations, there 
will be an increasing number of systems that appear to involve at least two 
different mechanisms of transformation. This is not meant, in any sense, as 
a criticism of Buerger's classification but more as a tribute· to the versatility 
of the changes in crystal lattices. More work should, however, be carried out 

· on rate of transformation, and, in particular, the rate of nucleation should 
be differentiated from the rate of transformation. A transformation may be 
sluggish either with respect to nucleation alone or to both nucleation and 
growth. Many metastable systems, once the stable form has nucleated, will 
transform very rapidly. Systems of polymorphs vary considerably in these 
respects, and the rates of nucleation and transformation are usually depend­
ent as much on temperature, particle size, purity, and physical agitation as 
on the nature of the structural change involved. 
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Figure 1. Sublimation and boiling :Point curves for- (a) enantiotropic system and (b) 
monotropic system. · 
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Figure 2. Melting point and transition temperature curves added to the curves in Figure 
1; (a) enantiotropic and (b) monotropic. · 

IV. Phase Diagrams 

Before suggesting ways of answering some of the pra_ctical questions 
regarding. polymorphism, it is worthwhile to review the types of phase dia­
grams shown by systems involving polymorphs. This· will be done first for a 
simple example of a system of two forms only. 

There will be only one liquid-vapor (boiling point) curve in the pressure­
temperature diagram, since both polymorphs gi.ve identical liquid phases on 
melting. Each polymorph, moreover, has its·own-solid-vapor (sublimation or 
vapor pressure) curve (Fig. 1) and its own· solid-melt (melting point) curve. 
The complete diagram, of course, contai_ns the. _melt-vappr, the !_,olid.~vapor, 
and the solid-melt curves (Fig. 2), and these can intersect to give either' of two 
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134 Walter C. McCrone 

possibilities: the melt-vapor curve may, in general, intersect the two solid­
vapor curves above or below their intersection. It is not unknown for the 
three curves to intersect at the same point. When this occurs; the melting 
points of the two polymorphic forms and the transition temperature coincide 
(e.g., for .B-naphthol and very nearly for y-hexachlorocyclohexane, two of 
whose forms melt only 0.1 °C apart). 

1. Enantiotropic and Monotropic Systems 

It is not necessarily true that the melting point and transition curves inter­
sect at high pressures, but the possibility exists. It is interesting to note that 
in this case the enantiotropic system becomes a monotropic system at high 
pressures and vice versa. Considering this situation and the general fact that 
most systems do not show an easily determined transition temperature, it 
becomes obvious that these two terms, enantiotropic and monotropic, are 
dangerous words indeed. In the first place, the term enantiotropic can be 
used only when the transition temperature has been found to be below the 
melting point. The converse, no transition temperature below the melting 
point, cannot usually be interpreted to mean that the system is monotropic, 
because the transition temperature may be below room temperature (or 
below the lowest temperature studied), or it may have been unobserved 
because of slow transition. 

There is no absolutely safe generalization relating enantiotropy and mono- · 
tropy t9 the properties of the polymorphs, except location of the transition 
temperature. This is best done by direct observation, but it may be done 
indirectly by measuring vapor pressure or solubility curves on the two forms 
since both sets of curves cross at the transition temperature. The form stable 
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Figure 3. Free energy-temp~rature curves for (a) enantiotropic and (b) monotropic systems. 
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at lower temperatures often has the higher density, arid the form stable at the 
meltjng point always melts higher and has a lower solubility and a lower vapor 
pressure a~ that temperature. 

The free energy-temperature diagrams at constant pressure are another, 
and perhaps clearer, way of showing phase diagrams, since the phase having 
the lowest free energy at a given temperature is alw·ays the stable phase at 
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Figure 4. Pressure-temperature diagram for HMX. The diagram is only qualitatively 
correct except for the intersections on the 1 atm pressure line, which are measured. 

that temperature. The diagrams are based on the thermodynamic relation­
ship (dF/dT)p = -S. The free energy F plotted against the temperature T 
at constant pressure P gives a curve for each phase, the slope of which at any 
temperature will be the entropy S. Figure 3 shows hypothetical phase dia-
grams for enantiotropic and monotropic systems, · _ 

The diagrams for systems having three or more polymorphic forms can be• 
plotted in the same way. Figures 4 and_ 5 .. show schematic P-T and F-T 
diagr~ms for HMX (cyclotetramethylene tetranitramine). Both curves are 
based on measured transition temperatures at atmospheric pressure. Except 
for these poin~s the curves are schematic and only qualitatively correct. 
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60 80 100 120 140 160 180 200 220 240 260 280 300 
Temperature, •c 

Figure 5. Free energy-temperature diagram for HMX. The intersection temperatures 
are measured points, but the actual slopes are unknown. 

2. Conventions for ·Naming Polymorphs 

On the matter of convention, the various polymorphic forms are best 
designated by Roman numerals: I, II, III, IV, etc. Form I shou~st be the 
form most stable at room temperature. No rigid convention can be'laid down 
for use of the higher numerals, since further work is always attended by the 
possibility of discovering an intermediate form 2.5 difficult to designate by 
Roman numerals and impossible to insert without disrupting the previous 
assignments of numerals. A system, as1ogical as it is simple, is to number the 
forms in the order of their discovery, which should, in general, follow their 
order of stability. Basing the assignmint on melting points is not generally 
satisfactory, since these data are not always _available and, in many systems, 
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cannot be determined. The Kofler suggestion that the Roman numeral be 
succeeded by the melting point in parentheses is a logical move subject to t,he 
preceding limitation. 

3. Determining the Melting Points of Metastable Polymorphs 

One of the obvious problems in studying polymorphism is the deter­
mination of the melting point for a metastable polymorph. This is not 
only necessary to characterize the system but may also be necessary to tell 
which form is stable (higher melting); the difference between the melting 
points is a measure of relative stability. If two polymorphs melt less than 
1 °C apart, then neither is significantly more nor less stable and either may be 
easily obtained on crystallization. If the two melt 25 to 50°C apart, the lower­
melting form will be very difficult to crystallize and, once crystallized; will 
easily transform to the stable phase. 

The closer the two melting points, the more easily the unstable form can be 
obtained, and its melting point can usually be obtained easily before a solid­
solid transformation occurs. The chance of a solid-solid transformation can 
be considerably reduced, however, by using very srriall samples. Individual 
small crystals of even highly unstable forms can often be melted. Such prep­
arations can often be produced by sublimation with a cold condensing surface. 

When all else fails, and the melting point cannot be determined directly, it 
may be possible to calculate it by using the Le Chatelier equation as suggested 
by Verstraete ( 4). 

4. Binary Systems Involving Polymorphism 

Polymorphs often show up in binary systems, and systems involving poly­
morphs are often more easily studied as part of a binary mixture even if this 
involves a S(?lvent as a second component. Again, the microscope is an 
excellent way to study polymorphism in binary systems because, on a small 
scale, many highly unstable polymorphs are sufficiently metastable to permit 
measurement of melting points, transition temperatures, and co_ncentrations. 
The standard macroscopic physical chemicaf procedures are. ._good for com­
position diagrams in which thermodynamic ·equilibrium• is esta~lish~d, but 
the study of polymorphism often depends- on purpose1y:·avoiding thermo­
dynamic equilibrium or, at least, studying the rate _at-which .. equilibrium is 
established. With the microscope it is possible.i}'l most systems to determine 
a complete composition diagram not only between the stable pliases but also 
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Figure 6. Composition diagram for a:- and o-hexachlorocyclohexane showing the 
relationship between the two polymorphs of the a isomer and a:. 

between all possible pairs of stable and metastable polymorphic forms. 
Figure 6 shows the composition diagram for two isomers of hexachlorocyclo­
hexane (5), the oc and the o isomers. The o isomer has two easily obtained 

. polymorphs, and the two melting points of the polyrnorphs are easily obtained 
on the pure compound. The transition temperature and the two eutectic 
temperatures are easily determined on any mixture of o: and o ranging from 
5 to 30% oc. The system is therefore a simple eutectic diagram of oc with each 
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Figure 7. Composition diagram for the three polymorphs of y- and the two polymorphs 
of o-hexachlorocyclohexane. 
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.[ 
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Figure 8. Composition diagram between benzalaniline (A) and dibenzyl (B) showing 
stabilization of a metastable lattice by solid solution formation in the range from E to K. 

polymorph of o, and the o isomer has two polymorphs enantiotropic with 
respect to each other. 

Not all binary systems are so simple. Figure 7, for example, shows the 
relationship between the three forms of y-hexachlorocyc!ohexane and the 
two forms of the o isomer. The different polyrnorphs in a given system may 
form isomorphous solid solutions, eutectics, or molecular addition com­
pounds. In fact, different pairs of polymorphs may show different types of 
composition diagrams. For example, 1,3,5-trinitrobenzene (I) forms a 
eutectic with picric acid (I), but forms a continuous series of isomorphous 
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Figure 9, Composition diagram for 1,3,5-trinitrobenzene '(A) and phen·anthrene (B) 
showing polymorphism of the addition compound. 
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solid solutions with picric acid (II). Composition diagrams in organic 
systems can be as complex as the familiar diagrams for metals and inorgahic 
silicates. Benzalaniline and dibenzyl (6) form an unusual diagram in which 
the two metastable polymorphs of each compound form a continuous series 
of solid solutions, yet, over a range of composition from about 35 to 65% 
dibenzyl, the solid solutions are the stable phase (Fig. 8). 

When the binary system shows an addition compound, it is extremely 
unlikely that any pair of polymorphs in that system will show any other type 
of diagram. An addition compound can itself show polymorphs as in the 
system, 1,3,5-trinitrobenzene and phenanthrene (7) (Fig. 9). 

V. Determination of Transition Temperature 

One of the most important problems in studying polymorphism fa a 
given system is to determine the transition temperature. This not only helps 
to characterize the system but it also tells which form is stable at low tem­
peratures and when the system is enantiotropic. The transition temperature is 

100 110 120 130 140 ·: 150 160 17o•c 
Figure 10. Solubility curves for the four polymorphic forms of HMX. Again the curves 

are qualitative, although the intersections are based on the measured transition tempera­
tures. 
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Figure 11. Photomicrographs of the same field of l,8-dinitronaphthalene during a 
solution phase transformation in thyrnol on a microscope slide. The lower picture was 
taken about 20 minutes after the upper picture. 
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the temperature at which the two polymorphs have identical free energies, 
and hence, at that temperature, both forms have identical solubilities in any 
solvent as well as identical vapor pressures. The latter are indi°cated by the 
P-Tdiagram in Figure 2. A corresponding diagram can also be drawn, based 
on the solubility curves (Fig. 10). 

1. Solution Phase Transformations 

The easy way to determine which of two forms is stable at a given tem­
perature is to observe the relative solubility of the two in a solvent. This is 
best and most rapidly done by observing crystals of both together in a drop of 

Figure 12. Experimental arrangement for observing solution phase transformations 
without disrupting experiment or cooling the sample before examination. 
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Figure 13. Photograph of apparatus shown in Figure 12. 

saturated solution under the microscope. The less soluble form will grow 
and the more soluble will dissolve (Fig. 11). This is called a solution phase 
transformation, and it progresses the more rapidly the higher the solubility 
and the greater the difference in solubility of the two forms. The transition 
temperature is then the temperature at which the solubilities are equal and at 
which the transformation rate in either dir.!?_ction is zero. Above the transition 
temperature one form grows at the expense of the other, and below that 
temperature the reverse is true. By approaching the transition from both 
sides, the ex7ict temperature can usually be determined to within a few tenths 
of a degree. This can often be done using a hot stage microscope if equilib­
rium is established rapidly. In some ~ystems if is more convenient to use 
an apparatus which was designed and used to determine the transition tem­
peratures for the polymorphic forms of HMX (8). A saturated solution 
containing excess solid is agitated in a .narro.w fl.at-bottomed tube, itself 
immersed in a carefully controlled constant-temperature bath (Figs. 12 and 
13). The stable crystal phase existing at a giVOn temperature can be quickly 
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Figure 14. Photomicrograph of needles of HMX (II) transforming in butyrolactone at 
ll0°C to HMX (I). Photomicrograph taken with polaroid camera through the inverted 
microscope shown in Figures 12 and 13. 

checked by stopping the agitator in the long fl.at-bottomed tube, allowing the 
crystals to settle to the bottom and observing them microscopically with the 
inverted microscope. Figure 14 shows a photomicrograph taken through 
the inverted microscope during an experimental run in which a mixture of 
HMX (I) and HMX (II) had been agitated for several hours at llO°C. The 
needles of HMX (II) are gradually dissolving, showing that HMX (I) (which 
is growing) is the stable phase at that temperature. 

2. Solid-Solid Transformations 

It is sometimes possible to determine the transition temperature by observ­
ing only the solid phase during heating and cooling in the microscope hot 
stage. It is necessary, however, in this cas~ to repeat the determination 
several times, and during both heating and cooling, ·since the transition 
usually superheats and supercools at least 1 °C and often many degrees. The 
solid-solid transformation. of HMX (I) ..:..,.. HMX (IV) always occurs in the 
range 175 to 190°C on heating and does not usually reverse at all on cooling. 
(The transitiqn temperature, measured easily by observing the solution phase 
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transformation, is 165.5°C.) Occasionally, superheating and supercooling of 
the solid-solid transformation may be avoided by holding a preparatioI). con­
taining both polymorphs in physical contact with each other at a series of 
temperatures on both sides of the transition temperature and observing the 
direction of movement of the interface between the two forms. This is best 
done in a thin crystalline film prepared by crystallization from the melt (Fig. 
15). The transition temperature of mercuric iodide (126°C) can be measured 
in this way. In passing, it is interesting to note that the transformation rate 

Figure 15. A solid-solid polymorphic transformation taking place in a thin crystalline 
film of vanillin. The darker area (pseudoinorph) is an area originally unstable and now 
converted to the stable form. 

for HgI2 and for most other systems (referring only to the solid-solid and 
not to the solution phase transformation) is much more rapid the second time 
than the first. In other words, a given crystalline film may both nucleate and 
transform slowly, but, once a given area has undergone a solid-solid trans­
formation, that region can be transformed more readily back and forth. This 
is presumably true for displacive rather than reconstrµctive transformations, 
since the latter are always quite sluggish and the transition temperatu,res for 
such systems must usually be measured by soiution phase transform::1.tion. 

The solid-solid transformation as carried out above can be· corivefred to 
the always more rapid solution phase transformation by the l?irnple e_,i.pedient 
of touching a tiny drop of a low-boiling sqlyent to tht! edge of the pr~Raration. 
Capillarity will draw the solvent into the interstices between the crystals and 
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particularly along the interface between the two forms. The rate of the trans­
formation can be considerably increased in this way if the solvent is a good 
one. for the crystals and if the solution thus formed is not too viscous. (This is 
the real reason for use of a low-boiling solvent.) _ 

A transition temperature lying below room temperature is more difficult 
to measure, although with the new thermoelectric cold stages for the micro­
scope the same techniques can be used down to about -100°C. Below 
- l00°C it is best to use macro procedures A dry mixture of the two poly­
morphs, if. available, and in as large crystal sizes as possible, is placed in a 
sealed vial and lef~ for several days in liquid nitrogen. On removal, the crys­
tals are examined microscopically for evidence of pseudomorphs. · A pseudo­
morph is a transformed crystal: the external shape of the original crystal may 
be discernible even though the internal structure is that of the new form. 
The pseudomorph may be more or less -broken up by the transition if the 
density difference between the two forms is very great: Occasionally the 
pseudomorph may crumble to a dust, even with gentle handling. This 
phenomenon can sometimes be turned to advantage as a substitute for 
grinding a substance to achieve small particle size; for example, calcium 
silicate can be effectively reduced to very fine particles by passing it through 
the transition temperature. 

Although the microscopic procedures for determination of the transition 
temperature work best between -100°C and about 2400°C, there are 
admittedly other ways of detecting transitions. For example, dilatometry 
may be used to detect the density change on transformation, x-ray diffraction 
will detect phase changes due to transformation, and, of course, the solubility 
or vapor pressure curves can be measured for the two forms in o·rder to find 
the cross-over temperature (the transition temperature). Special methods 
may be used in certain cases; for example, with the metals. If an electrolytic 
cell can be set up with the two different forms acting as the two electrodes, 
there will be a measurable emf at all temperatures except the transition 
temperature. 

In monotropic systems the transition temperature lies above the melting 
point of both polymorphs. Hence it cannot be located directly; although 
Schenk (9) has used the following relationship to calculate it: · 

T 1 = (F1K2 - FJ(.J/(K1 - K2) 

where F 1 and F2 are the -two melting points and K1 and K 2 are the molar 
freezing point depression constants for the two forms. It may also be possible 
to locate the transition temperature in a monotropic system by measuring the 
solubility curves or the vapor pressure curves over a range just below the 
melting points, and extrapolating .the curves to their intersection. 
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VI. Preparation of Metastable Polymorphs 

I. Methods Based on Thermodynamic Equilibrium 

There are two general methods for the crystallization of metastable poly­
morphs. The first, based on thermodynamic equilibrium, involves 'holding 
crystals of one form in the temperature stability range of the desired poly­
morph until transformation occurs. If the crystals are wetted with a solvent 
so that a solution phase transformation can occur, the change will be much 
faster; if seeds of the desired polymorph can be present, the transformation 
will be even more rapid. The procedure and apparatus for this are not very 
different from those described above for the determination of the transition 
temperature (Figs. 12 and 13). It is a help to know the transition temperature, 
so that the solution phase transformation can be carried out as far as possible 
from the transition temperature but still in the stability range of the desired 
polymorph. For example, one can convert HMX (I) to HMX (II) more 
rapidly at temperatures from 160 to 165°C, whereas HMX (II) would best be 
prepared from HMX (IV) at about 120°C and from HMX (I) at about 160°C 
[HMX (I)~ HMX (II)= l 15.5°C; HMX (II)~ HMX (IV)= 165.5°C]; 
see Figures 3, 4, and 5. This method of preparing a high-temperature poly­
morph works, of course, only in enantiotropic systems in which the desired 
form has a definite temperature stability range. 

2. Methods Based on Prevention of Thermodynamic Equilibrium 

In monotropic systems it is usually relatively easy to prepare the meta­
stable forms, but it is necessary in so doing to prevent thermodynamic 
equilibrium by working fast and with small quantities. In general, a meta­
stable polymorph (in enantiotropic systems as well as monotropic systems) 
can be prepared either by achieving a high degree of supersaturation in the 
vapor or solution state, or by supercooling in the melt state. The general 
objective is to find conditions under which the metastable form can crystallize 
before crystals of the stable form appear. Since the metastable form will 
always be, more soluble and more volatile ancf"wiH have the lower melting 
point, it follows that supercooling is: necessary in order to crystallize the 
metastable form from the vapor, melt, or solution. The system must dien be 
supercooled below the melting point 'Of the metastable form, and at the same 
time one must prevent crystallization of the -more· stable -form· or forms. 
With HMX, for example, it is possible to prepare any one of the four crystal 
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forms from the same solvent and at temperatures all well within the thermo­
dynamic stability range of HMX (I). This is done by supercooling the solu­
tion rapidly; the more rapidly, the more unstable will the polymorph be. 
The rate of cooling is most readily controlled by varying the volume of the 
solution,· since a small volume can be cooled very rapidly. 

A. Solution Phase Preparations of Metastable Phases 

The various polymorphic forms of HMX are usually obtained by starting 
with an acetone solution saturated with HMX (I) at 63°C and with no excess 
solid present. To obtain HMX (!), 200 ml. of this hot solution is cooled 
spontaneously to room temperature. This gives very slow cooling, low 
supersaturation, and crystallization of pure HMX (I). To obtain HMX (II), 
50 ml. of the same hot solution is cooled to room temperature with gentle 
agitation (swirling, to improve heat transfer). HMX (III) results if 30 ml. of 
the same hot solution is cooled with agitation in an ice-water bath. HMX 
(IV) is formed when· 5 ml. of the solution is cooled in a test tube by immersion 
(with shaking) in a dry-ice cooling bath or by pouring 5 ml. of the hot 
so_lution over cracked ice. In every case, the crystals must be filtered off 
rapidly to avoid solution phase transformation to HMX (I) which is stable 
up to 1 l 5.5°C. Other solvents may also be used; however, the cooling rates 
must be changed in accordance with the solubility of HMX in that solvent. 
If HMX is more soluble than in acetone, the rates of cooling must be in­
creased; if less soluble, the rates must be decreased. 

There are three reasons for this relationship between solubility and cooling 
rates, _though all are based on the fact that the concentration of the compound 
is less in the poorer solvent. First, in such a solution it is more difficult to 
nucleate any solid phase because nucleation is a 2-, 3-, or 4-body collision 
process and there is less probability of nucleation in a dilute solution. The 
necessary degree of supercooling can, therefore, be achieved. Second, the 
high-temperature (low-density, more symmetrical, and more open) structures 
nucleate most readily when they can (sufficient supercooling). This is the 
basis for Ostwald's law of successive states, which says that a phase change 
will occur step by step by the way of successively more stab_le phases. Third, 
and finally, in a poor solvent the rate of transformation of a metastable to a 
more stable polymorph is slower. Hence a metastable form once crystallized 
can be isolated and dried before it is converted by solution phase transfor-
mation to a more stable phase. ·o 

In some systems the metastable form is extremely unstable and may be pre­
pared only with_ more extreme supercooling. This is usually done on a very 
small scale (even a single drop of solution) with high-boiling liquids, so that a 
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saturated solution at a high temperature suddenly cooled to room tem­
perature will achieve a h_igh degree of supersaturation. If, for example, a 
saturated solution of RDX (cyclotrimethylene trinitramine), HND · (hexa­
nitrodiphenylamine), or ammonium picrate in a drop of thymol on a micro­
scope slide at 150 to 200°C is cooled rapidly by placing it on a cold surface, 
crystals of the corresponding unstable polymorphs will appear. In each 
case, some crystals of the stable form may also appear, and a slow solution 
phase transformation may occur. The rate of this transformation will 
increase with increasing temperature. 

B. Preparation of Metastable Phases from the Melt 

An analogous behavior results when a melt rather than a solution is super­
cooled. One of the most interesting systems studied thus far (JO) is DINA 
[bis(/3-nitroxyethyl)nitramine]. This compound shows four crystaliine poly­
morphs, each of which can be prepared easily from the melt and each of which 
has a measurable melting point. The melting points are: DINA (I), 52°C; 
(II), 52°C; (III), 38°C; and (IV), 30°C. DINA (I) melts about 0.05°C 
higher than DINA (II). A completely melted sample of DINA supercools 
to room temperature and remains indefinitely without crystallizing. If, at 
any temperature below 52°C, the glass cover slip is pressed hard into contact 
with the microscope slide, using the side of a teasing needle or even a pencil 
eraser, nucleation usually occurs at the point of c_ontact. The temper!lture of 
the preparation at the time of crystallization determines the degree of super­
cooling and therefore the polymorphic. form. Below. 30°C, DINA (IV) 
results; at 30 to 35°C, DINA (III); at 40 to 45°C, DINA (II) is the usual 
product, although DINA (I) or a mixture of I and II may appear. Each of 
these forms is . reasonably stable on a microscope slide, although (IV), as 
would be expected, is least stable. DINA (III) usually spontaneously 
nucleates in form (IV) within a few minutes. 

Some compounds show an unstable short-lived polymorph when the melt 
is highly supercooled. Good examples are acetanilide and TNT. Both 
should be melted completely and allowed to cool quietly and undisturbed. 
Within a few minutes for acetanilide, or a few hours for TNT, crystallization 
will occur, but the unstable form will immediately and very rapidly trans­
form to the st.able form, leaving an obvious pseudomorph (Fig. 1. 6): As these 
few examples show, it is not difficult to-form a sound idea of the :n::lative 
stability of the unstable forms of different compounds. The TNT polymorph 
is probably as unstable as will ever be observed, since it always transforms to 
the stable·form, probably in a few hundredths of a second after it forms. It is 
necessary to supercool a number of tiny droplets less than l to 2 mm in 
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diameter to observe the TNT pseudomorphs, and even then the percentage 
of crystallizations showing the phenomenon is less than l %. Ac\'!tanilide (II) 
is somewhat more stable, forming a fair per~ntage of the time from 2 to 
3 mg of melt and with an average life of perhaps a second. Again, itis obvious 
as a pseudomorph. The DINA polymorphs are much more stable than those 
of either TNT or acetanilide. There is, of course, no possibility of obtaining 
TNT (II), acetanilide (II), DINA (III) or (IV), RDX (II), HND (II), ammo­
nium picrate (II), or HMX (IV) on a macro scale. 

Figure 16. TNT preparation in which the very unstable fonn Il started to crystallize but 
was almost immediately transformed to form I which nucleated almost simultaneously 
on the advancing crystal front of II. The remaining melt then crystallized rapidly as form I. 

Another interesting example of a highly unstable polymorph is picric acid. 
Form I melts at 121 °C, and form II melts ·at 75°C. It is understandably 
difficult to supercool picric acid 46°C without getting crystals of form I, but 
it can be done in very small preparations (0.1 mg) between a slide and cover 
slip. It is then necessary to cause form II to crystallize; this has been done 
by seeding with trinitrobenzene (I), with which picric acid (II) is isomorphous. 
This is obviously best done in a fusion preparation by recrystallizing TNB 
as the stable fonn I, then melting a very tiny amount of picric acid at the 
edge of the cover slip near the TNB so. that _it _is absorbed ( so to speak) by the 
TNB melt and forms a small pocket of picric acid surrounded on three sides 
by TNB. On rewarming, the picric acid· and a portion of the TNB are 
melted, and, on cooling, the unmelted TNB (I) seeds the melt including the 
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picric acid. The rate of crystallization is very rapid through the TNB (I) but 
slows considerably in the zone of mixing, then speeds up slightly _in the picric 
acid (II). The latter may remain for a few minutes or a few seconds, but it 
always transforms very ~on into picric acid (I) pseudomorphs of (II). 

In general, it becomes more difficuit to obtain the room temperature stable 
form as the transition temperature decreases to within IO to 20°C of room 
temperature. The compound 1,2,5-trinitronaphthalene melts at 112 to l l3°C 
(II) but has a transition ,temperature at about 30°C. As a result the stable 
form I cannot be obtained without experiments below room temperature 
( or 20°C). If the transition temperature falls below room temperature, 
the low-temperature form will not usually be observed unless experiments 
are carried out at lower temperatures within the required temperature range. 

It is significant that a given polymorphic form can often be crystallized well 
below its temperature stability range, but seldom, if ever, above it. Pre­
sumably this is due to the fact that a supercooled system will lack the lattice 
mobility to transform; hence an unstable polymorph well below the transi­
tion temperature may be very stable once it is formed. This is useful in 
telling us that in those cases of great instability of one polymorph, e.g., 
acetanilide, RDX, HND, the system is probably monotropic. 

C. Preparation of Metastable Phases from the Vapor 

Preparation of metastable forms by sublimation is a useful procedure, 
especially ,because the individual small crystals of the metastable forms are 
quite stable and can be used directly for _melting point determinations. The 
general procedure utilizes a Kofler sublimation block and a temperature at 
which the compound sublimes rea_dily. The temperature of the cover slip 
then determines the crystal form and size of the sublimate. A very small 
temperature difference between the source and the condensing surface will 
result in condensation of the stable form at that temperature. Cooling of 
the cover slip by placing drops o( various low-boiling solvents on the top 
surface will cause condensation of the more unstab"te forms, the lower 
temperatures leading to the most unstable forms. A vapor phase trans­
formation may, of course, occur if two different crystal forms condense, 
since each has a different vapor pressure (Fig. 17). 

3. Stability, Metastability, and Insta~ility 

The idea that unstable crystal forins can be readily prepared at tempera­
tures far below their normal temperature stability ranges is one of the 
unappreciated ideas in the study and handling of polymorphs. It is not 
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Figure 17. Sublimate of two polymorphic forms of p-dimethylaminocinnamaldehyde. 
The unstable form has vaporized in the neighborhood of (and onto) the stable form. 

inconceivable that diamonds, now being produced by attaining thermo­
dynamic stability, i.e., high temperatures and pressures, might some day be 
made at ordinary pressures and quite· low temperatures. The requirement, 
and for carbon a tough one, is a liquid solvent at temperatures below the 
range at which diamond changes to graphite by a solid-solid transformation. 

Diamond, of course, is· unstable thermodynamically at ordinary tempera­
tures and pressures. It is said to be metastable, and many such materials are 
known. Many minerals (aragonite, anatase, brookite, etc.), many drugs (1 I) 
(atophane, progesterone, estrone, rnarfanil, sulfathiazole, veronal, etc.), and 
even some important metals {copper, silver, zinc, tin, bismuth, and cadmium) 
are used daily in the metastable form._ The degree of stability of a metastabl~ 
polymorph varies considerably. Diamond is one extreme, although even 
diamonds often transform, on heating, to graphite. At the other extreme is 
TNT, which possesses a metastable form so short-lived that no one has even 
seen it. Only the pseudomorph remains to tell us that a transformation has 
occurred (Fig. 16). The degree of metastability in a given system can be 
ch_anged to some extent. For example, crystal size is a definite factor, and 
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large crystals of a metastable form are usually much less stable than small 
crystals. Large crystals of HMX (IV), 1 mm or more in large dimension, 
seldom last longer than a few hours before they transform to HMX (I). ·6n 
the other hand, very small crystals of HMX (IV) less than 50 µ long and 10 µ 
thick, prepared in 1942, are still unchanged more than twenty years later. 

Physical shock, especially grinding, is usually an effective way to convert a 
metastable crystal form to the stable form. Presumably this conversion 
occurs most readily for displacive-type transformations, since there are many 
metastable systems, such as diamond, that can be pounded to angstrom 
dimensions without transformation. Grinding diamond at elevated tempera­
tures would undoubtedly increase the rate of solid-solid transformation to 
graphite. 

VII. Solution Phase Transformation Rates 

The rate of the solution phase transformation iri a given system depends on 
the solubility of each polymorph at that temperature, the rates of solution, 
and the diffusion rate of the molecules in solution. The rate is higher the 
higher the solubility and the greater the difference in solubilities. The 
overall rate, of course, is zero at the transition temperature where the sol­
ubilities of the two forms are equal, but the rate increases both as the 
temperature rises and as it falls. However, as the temperature falls further, 
two factors cause the rate of transformation to decrease again: first, the 
solubilities of both forms decrease, thus lowering the concentration in 
solution; and second, the viscosity of the solution increases. Both factors 
decrease the diffusion rate of the molecules in solution and lower the rate of 
transformation. The diffusion rate and therefore the transformation rate can 
also be increased by agitation of the suspension, by using finely divided 
crystals, and by having seed crystals of the stable form present. 

VIII. Pseudopolymorphlsm 

By this term, which is convenient to use here bti.t which shouid never be 
allowed to come into general use, is meant a vai:iety ·or phenomena sometimes 
confused with polymorphism. They include desolvation, second-order 
transitions (some of which are polymorphism), dynamic isomerism, meso­
morphism, polymerism, grain growth, boundary rriigration, recrystallization 
in the solid state, and lattice strain effects. 

'' 
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1. Desolvation 

During heating of a crystalline solid in the microscope hot stage, one 
evidence of polymorphism is a solid-solid transformation. This results in 
darkening of the crystal, observed by transmitted light. It is due to the breaking 
up of the crystal (the density change is often l % or more) and light scattering 
by the many new air-crystal interfaces. This change is, in visual detail, 
duplicated when a crystalline solvate gives off solvent of crystallization on 
heating. There is, however, a simple microscopic procedure to differentiate 
polymorphism from desolvation. The heating experiment is repeated with 
the crystals completely immersed under a cover slip in -a liquid immiscible 
with the_possible solvent of crystallization. If, then, desolvation is involved, 
heat will produce the desolvated solid plus a liquid droplet of the solvent. If 
polymorphism is involved, the change will occur as before but no liquid 
phase will appear until the final melting point. 

2. Second-Order Transitions 

Second-order transitions will usually be missed completely on heating 
under the microscope because of their subtlety. However, there are some 
that can be observed, and usually the observation is best made by using 
crossed polars, since small changes in birefringence are easily detected and 
often occur. One such change with pentaerytbritol tetranitrate is visible as a 
birefringence change as it cools on the microscope slide after crystallizing 
from the melt. Many high polymers show second-order· transitions near 
their melting points. The ammonium halides also show a variety of such 
transitions. 

3. Dynamic Isomerism 

Great care must also be taken to avoid confusing dynamic isomerism with 
polymorphism. Dynamic isomers (which include geometrical isomers and 
tautomers) are chemically different, though more or less_ readily intercon­
vertible in the melt state. The basic difference between dynamic isomers and 
polymorphs is that equilibrium between two polymorphs can occur in the 
solid state, and the difference between any two polymorphs disappears in the 
melt state. Dynamic isomers, on the other hand, exist in both the solid and 
the melt state. Only one polymorphic form of a given compound is stable 
at a given temperature (except at the transition temperature, at which two 
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forms are in equilibrium). On the other hand, · dynamic isomers are in 
equilibrium over a wide range of temperature with both isomer-s stable, 
though in relative percentages varying with temperature and solvent: Because 
dynamic isomers are different compounds, a binary phase diagram is neces­
sary to explain their behavior. 

A classic example of dynamic isomerism is acetoacetic ester; which exists in 
a ketonic and an enolic form. At ordinary temperatures liquid acetoacetic 
ester exists as an equilibrium mixture of the two isomers (93% keto and 7% 
enol form). 

.= CH3-C=CH-C 

0 
/ 

I "' OH OC2H5 
enol form 

The rate at which equilibrium is established in a systemof dynamic isomers 
can vary considerably, and it is affected by solvent and by impurities. If the 
rate is very fast and if the equilibrium changes pure A to pure B over a very 
narrow temperature range, then the system approaches polymorphism and 
would be indistinguishable from it except by chemical structure character­
ization of the two forms. There are many possible gradations in behavior 
between polymorphism and dynamic isomerism. 

Even though a system of dynamic isomers exists as an equilibrium mixture 
of the two isomers in the melt or solution phase, this equilibrium can be dis­
placed by removal of one isomer by crystallization or by chemical reaction 
forming a derivative of one isomer. If equilibration proceeds rapidly enough, 
all the mixture may crystallize as the more insoluble of the two isomers. In 
solution, the two isomers will have different solubilities, just as two poly­
morphs will. Not only may the solubility curves cross in either case, but, 
since with dynamic isomerism both isomers are present, the solution may also 
become saturated with either form on cooling, no matter where the equilib­
rium composition lies. 

Summarizing, then, polymorphs exist only in the solid state but can con­
vert, in at least one direction, without going through the solution or melt 
phase (i.e., a solid-solid transformation). Tautomers exist both in the melt (or 
solution) and the solid state. Each tautomer can also, and probably does, 
exist in polymorphic forms, further :complicating an already complicated 
situation. 

To differentiate between polymorphism and dynamic isomerism the micro­
scope again is a useful tool. Let us assume that:·two solid phases are known to 
be related either by polymorphism or by dynamic isomerism. The first step 
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is to melt the two side by side between a microscope slide and cover slip. As 
crystallization of the two phases progresses, the following possibiliti~s exist: 

a. The two crystal fronts could grow at a steady velocity until they come 
into contact, and one solid phase could then grow through the other to give a 
solid-solid transformation. This is polymorphism. 

b. The two crystal fronts could grow toward each other but slow down as 
they approach the zone of mixing, and subsequently a eutectic could appear. 
This is dynamic isomerism. 

A second procedure would be to melt each sample by the equilibrium 
melting procedure (12) and observe the melting point as a function of time. 
If the two are polymorphs, the melting point will not change unless a solid­
solid transformation occurs, and even then the change will be sudden and 
the melting point will remain thereafter unchanged. If both are isomers, the 
melting point of each will decrease gradually as equilibrium is established. 
The final melting point will be the same for each, since each form will change 
in the melt to the same equilibrium composition. One of the isomers will 
show an apparent solution phase transformation as the melting point is 
followed through the eutectic composition. 

A nonmicroscopic method for differentiating between polymorphism and 
dynamic isomerism requires spectroscopic evidence of the chemical change 
involved. If ultraviolet or infrared absorptions show different or changing 
spectra when crystals of the two forms are dissolved or melted, dynamic 
isomerism is involved. Spectroscopic differences in the solid state are not 
an adequate criterion, since different crystalline polymorphs have different 
spectra. Finally, complete crystal structure determinations, if practical, would 
answer the question with absolute certainty. 

4. Mesomorphism 

Many substances show a mesomorphic phase (liquid crystal) on melting 
(13,14). Such phases have some of the properties of a crystalline solid but 
flow like a liquid. They are usually birefringent (Fig. 18) but do not show an 
x-ray pattern characteristic of well-crystaUized phases. They apparently have 
some molecular order because of the birefringence and some broad x-ray 
lines. They have been classified as nematic (molecules arranged parallel but 
in layers), smectic (arranged parallel and in layers with long axes perpendicular 
to the layers), and cholesteric (proba.bly a twisted nematic structure with the 
axis of the twist perpendicular to the long axis of the molecules). 

UM00012191 

NOVARTIS EXHIBIT 1517 
Novartis v. Regents, IPR2023-01347 

Page 937 of 4460



oscope slide and cover slip. As 
:he following possibilities exist: 

steady velocity until they come 
row through the other to give a 
1hism. 
·d each other but slow down as 
:uently a eutectic could appear. 

ch sample by the equilibrium 
1g point as a function of time. 
will not change unless a solid­
he change will be sudden and 
nged. If both are isomers, the 
as equilibrium is established. 

:h, since each form will change 
fon. One of the isomers will 
ttion as the melting point is 

g between polymorphism and 
:ience of the chemical change 
1s show different or changing 
issolved or melted, dynamic 
ces in the solid state are not 
ne polymorphs have different 
rminations, if practical, would 

:e (liquid crystal) on melting 
ties of a crystalline solid but 
(Fig. 18) but do not show an 
bases. They apparently have 
;ence and some broad x-ray 
1ecules arranged parallel but 
: witq,long axes-perpendicular 
,d nematic structure with the 
of the molecules). 

Polymorphism 757 

A given compound may show one or more mesomorphic phases with the 
smectic phase stable between the crystalline and the nematic (or cholesteric). 
There may, in fact, be several nematic or smectic phases in a given system. 
They usually behave like enantiotropic polymorphs with· reproducible tran­
sition temperatures, although some systems may be monotropic, and hence 
the mesomorph will appear only in the supercooled melt and will melt, on 
heating, lower than the crystalline form. An .interesting mesomorphic 
system is ethyl anisal-p-aminocinnamate, which shows two polymorphs, one 
melting at 83°C and the other at l08°C. On heating, "melting" of the stable 

Figure 18. Spherulites of cholesteryl acetate crystallizing from the mesomorphic phase. 

phase occurs at 108°C to a smectic phase, which in turn "melts" at ll8°C to 
give a nematic phase, melting finally at 139°C to a true liquid. On cooling, 
these changes can be observed in reverse, but the stable crystalline phase 
melting at 108°C may not occur, and further cooling may then show a second 
smectic phase at 91 °C and crystallization of a metastable crystalline solid at 
83°C. On reheating, barring appearance of the stable crystalline phase, the 
metastable.phase melts at 83°C to a smectic phase, which changes to a second 
smectic phase at 91°C, and to a nematic phase at ll8°C which then melts at 
139°C. Figure 19 shows a schematic free energy-temperature diagram for 
this system. It is accurate with respect to the observed '..'transition!' temper­
atures and melting points, .but the slopes~·are, of course, not known and the 
positions of the unmeasured '.'transitions~' are fortuitous. Such a diagram 
does explain the observed behavior of the polymorphs and mesomorphs in 
this system. 
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Figure 19. Schematic free energy-temperature diagram forethyi anisal-p-aminocinnamate. 
The slopes for the curves are not known, but the "transition temperatures" are correctly 
located. 

One significant way in which mesomorphs differ from crystals and re­
semble liquids lies in the fact that, whereas a solid-solid transformation may 
be superheated, the "transition" from a crystalline phase to a mesomorph 
behaves like a melting point in that superheating does not occur. Here again, 
then, we have a type of physical. behavior resembling true polymorphism but 
with some differences. The present tendency is to refer to liquid crystals as 
mesomorphs and to the phenomenon as mesomorphism, and to consider the 
situation as closely related to, but not identical with, polymorphism. 

5. Polymerism 

Polymerism includes such systems as acetaldehyde:paraldehyde and 
oxygen: ozone. These systems often act in the same manner as described 
above for tautomers. The equilibrium between acetaldehyde and paralde­
hyde is very slow under ordinary conditions, although addition of a trace of 
sulfuric acid greatly increases the interconversion rate. 
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6. Grain Growth (Boundary Migration and Recrystallizatior) 

Another type of solid-state behavior easily confused with polymorphism is 
grain growth (boundary migration or recrystallization), as shown by certain 
anisotropic solids (Figs. 20 and 21). This behavior looks, at first, precisely 
like a polymorphic transformation, but it differs in that the two phases show­
ing a solid-solid "transformation" are indistinguishable from each other by 

Figure 20. Photoinicrographs of the same field of TNT crystals grown from the melt 
(a) before and (b) after annealing for 1 hour at 75°C. 

crystal optics or x-ray diffraction. Furthermore, the "transformation" 
proceeds simultaneously in both directions. This unusual behavior is shown 
by TNT, DDT, DINA, vitamin K3 (menadione), and, to a lesser extent, by 
many other organic compounds. Such compounds must apparently possess 
sufficient anisotropy of elasticity so that strain also can be present in the 
lattice distributed directionally (anisotropically) .. In addition, such com­
pounds must also possess just the right degree of brittleness and plasticity so 
that the strain induced is not lost through cracking of the crystal or through 
plastic flow. 

To differentiate this behavior from polymorphism, it is necessary only to 
observe carefully the solid-state recrystallization to. see. that the. "phases" 
are identical and that both grow into eac_h other. Details on thjs type of 
behavior have been published (15). 
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Figure 21. Photomicrographs of the same field of a thin crystalline preparation of DDT 
(a) before and (b) after annealing at 100°C. 

7. Lattice Strain 

Recently additional information has become available which shows that 
lattice strain may cause energy changes in a lattice, equivalent to the energy 
changes involved in polymorphism and giving rise to observations of 
behavior similar to that shown by true polymorphs. Lattice strain can be 
induced by thermal shock mechanically or by crystallization itself. Strained 
crystals (Fig. 22) show lower melting points, higher solubilities, and higher 
vapor pressures than the corresponding unstrained crystals. Melting point 
lowering of up to l0°C has been observed with vitamin K3 , and "trans­
formations" in the vapor, solution, and solid phases have been observed 
between strained and unstrained crystals otherwise apparently identical (16). 
Typical systems showing these effects are the same as those listed above as 
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showing grain growth and boundary migration, although other compounds 
such as HMX have been observed to show some ofthese effects. Although 

· the effects of strain are not generally important, pro_bably because few lattices 
can maintain a high degree of strain, strain is important in some compounds 
because it can cause changes in physical properties (melting point, solu­
bility, and vapor pressure) and performance properties (chemical reactivity, 
stability, rates of solution, etc.). Strain can reverse the stabilities of two 

Figure 22. Crystals of DDT growing from thymol solution in the zone of mixing of a 
mixed fusion. The crystals grow as a clear, highly strained band at- the· crystal front. 
Periodically a sudden breaking up (cracking) of the crystals occurs in the band, partially 
alleviating the strain, and a new strained band begins to form. 

polymorphs at a given temperature because the relative solubilities, melting 
points, or vapor pressures can be reversed if the normally stable form 
becomes highly strained. Usually the strained lattice is indistinguishable 
from the corresponding unstrained lattice by x-ray diffraction or by crystal 
optics. The observation of an appan:nt. polymorphic "tni.nsfcirmation" 
between apparently identical crystalline phases is a characteristic of this 
situation. _This phenomenon needs conslderabJy·more_ study before it can be 
completely understood; at present it is a ·type of behavior which· r .rn be, ·and 
has been, confused with polymorphism. 
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IX. Study of a Compound t? Determine whether Polymorphism 'Exists 

It is comparatively easy to determine by microscopic procedures whether a 
given compound can crystallize in two or more different crystalline poly­
morphs. The following are standard procedures designed to cause crystal­
lization of the metastable form. 

a. Melt completely a small amount of the compound between a slide and 
cover s1..ip and observe the solidification between crossed polars. If, after 
spontaneous freezing, a solid-solid transformation occurs spontaneously or 
can be induced by seeding or scratching, the compound exists in at least 
two polymorphic forms. The problem, in this case, is to prevent crystal­
lization of the stable form by inducing supercooling. Three steps can be 
taken to help induce supercooling: First, the sample size should be very 
small; in fact, a number of separate droplets under the cover glass, ranging 
in diameter from a few tenths of a millimeter to 1 to 2 mm, will provide the 
most satisfactory size. Second, the crystals should be melted completely by 
holding the melt for 30 sec or so about 10 to 20°C above the melting point. 
Third, the melted preparation should be carefully set aside for several 
minutes without physical shock before examination. Only under these con­
ditions can the very unstable form of TNT be obtained. To a slightly lesser 
extent, formation of the metastable form of acetanilide requires the same care. 
Even in spite of these precautions, the metastable polyrnorphs of these two 
compounds are seldom observed; only the pseudoi:norph remains as evidence 
of the formation of the metastable form. 

This method is satisfactory for a number of compounds; for example, 
pentaerythritoltetranitrate (PETN), carbon tetrabromide, mercuric iodide, 
ammonium nitrate, and 1,3,5-trinitrobenzene (TNB). These compounds 
always crystallize on cooling to give the high-temperature form if they are 
completely fused. Of this group, PETN, Hgl2, CBr4, and ammonium nitrate 
show spontaneous transformations on·· cooling, but trinitrobenzene must 
usually be scratched or seeded to induce a transformation. 

It is often of value to carry out a meltback (partial remelting) and seed the 
melt with some of the compound from the stock bottle (presumably, though 
not always, the stable form). As freezing proceeds, the junction of the two 
crystal fronts is observed for evidence of polymorphism. In general, if the 
two crystal fronts are made up of different crystalline modifications, one of 
them will grow into and through the other on contact. 

b. Heat a sample of the compound in a hot stage and observe whether a 
solid-solid transformation occurs dudng heating. A transformation will 
occur with most compounds which show enantiotropic transformations, e.g., 
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ammonium nitrate, carbon tetrabromide, and ammonium picrate. Many 
other systems, even though enantiotropic, do not readily transform under · 
these conditions. The chances are greater the larger the preparation; 'hence 
10 to 20 mg should be used. 

c. Sublime a small quantity of the compound and attempt to induce a 
solution phase transformation between the sublimate and the original sample 
by mixing the two in a drop of saturated solution of one of them. If the two 
are polymorphs, the more stable willbe more insoluble and will grow at the 
expense of the more soluble metastable form. This process will continue at a 
rate which depends on the difference in solubility and the absolute solubility 
until the metastable form is completely transformed to the stable form. If 
the two samples are not polymorphs but are different compounds, one may 
di_ssolve but the other will not grow (except perhaps as the solution evapo­
rates). If the two are identical forms of the same compound, no change will 
occur on standing in solution. (Remember that the solution in use is, at the 
beginning, a saturated solution of either one of the two samples.) This 
method works· only for systems in which the compound condenses on 
sublimation as a polymorph different from the original. To increase this 
possibility, different condensing surface temperatures should be tried. A low 
condensing surface temperature favors the formation of a metastable form. 

d. Maintain an excess of the solid compound in a small amount of solvent 
held at a temperature as near the melting point of the compound as possible. 
Hold for several hours, then isolate the suspended solid. by decantation 
followed by drying at the refluxing temperature. Any method of quickly 
isolating these crystals or, at least, keeping the temperature from dropping 
during the entire oper~tion is satisfactory. Test the produc~ with a sa~ple 
of the original compound for solution phase transformation as outlmed 
above under c. This procedure works for any enantiotropic system, e.g., 
styphnic acid, HMX, Hg2I2, in which the material can be maintained in the 
temperature range of the high-temperature form for a sufficiently lo~~ tin:ie 
for the solution phase transformation to occur. Using a solvent bo1hng m 
the desired temperature range solves the problems of temperature control 
and of agitation. · 

e. Recrystallize the compound from a small amount of solution by cooling 
very rapidly (pour onto ice, or drop dropwise on a chilled microscope slide, 
etc.), and observe a portion of the precipita:te suspended in a drop of the 
mother liquor. The drop may then be seeded with the original compound to 
check for solution phase transformation. If the precipitate is a different 
polymorph, a solution phase transformation should take place. This method 

· of obtaining polymorphs has been used successfully for hydroquinone and 
for HMX. 
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A very useful modification of this test involves the use of high-boiling 
solvents, such as butyrolactone, thymol, benzyI alcohol, and nitrobenzene. If 
these compounds are used, it is possible to carry.out the recrystallization in 
a drop on a microscope slide. Under these conditions cooling will be very 
rapid, and it is possible to obtain high-temperature polymorphic forms that 
have not been prepared by any other method. For example, ROX and HND 
were found to exist in at least two polymorphic forms by recrystallizing from 
thyrnol after all other methods of detecting the_ presence-of polymorphs had 
failed. 

X. Are Two Given Samples Polymorphic Forms of the 
Same Compound? 

Another general problem is the recogmt10n of polymorphism as the 
relationship between two different crystalline solids. Some general pro­
cedures for achieving this are given below. Because many of the phenomena 
listed in Section VIII (tautomerism, polymerism, strain, etc.) can cause a 
system to behave as though it is polymorphic, it is necessary to eliminate these 
possibilities before concluding in any given.case that polymorphism is present. 
In general, if the two phases are different crystallographically (as determined 

· by x-ray diffraction or petrographically), then crystal strain can be eliminated. 
If the two crystal forms give identical melts or solutions at the instant of melt­
ing or dissolving, then tautomerism and polymerism are eliminated. If the 
two crystal forms are solid (i.e., do not flow with pressure on the cover 
slip), then mesomorphism is eliminated. In the entire list of procedures to be 
given below it is assumed that grain growth due to strain has been eliminated. 

a. If two samples have different crystal properties, _i.e., axial ratios, re­
fractive indices, densities, and x-ray powder patterns, and can be converted 
into each other through a solid phase or a .solution phase transformation, 
they.are polymorphic forms of the same_ compound. 

b. If the two compounds are different in all crystal properties, as in a, yet 
melt to give a liquid having the same refractive index of the melt and the same 
temperature coefficient of refractive index, the two samples are likely to be 
polymorphs of the same compound. If the two solids are mixed and heated 
to the first melting point and held there, a pair of polymorphs will either 
crystallize completely as. the high-melting stable form or will melt completely 
(if both forms melt very close together). If the system remains as a mixture 
of solid and melt at that temperature, then the two solids are different 
compounds. 
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c. If a mixed fusion between the two samples shows identity, yet the crystal 
properties are different, as in a, then the two samples are polymorphs of the 
same compound. · 

d. If one of the samples is fused and allowed to ·supercool slightly below 
the melting point, the melt can be seeded at different points with each of the 
solid samples. If the resulting solidification is observed using a low-power 
microscope having crossed polars, observation at the junction of the two 
solids will indicate the presence or absence of polymorphism. If, at the 
junction, one of the two forms continues to grow through the other solid, the 
two forms are polymorphs. If the two solids grow together with no sub­
sequent change, even on rewarming and long standing, then the two samples 
are identical and are not polymorphs (assuming that one of the seed crystals 
did not transform during the seeding operation). Seeding alone is not, 
however, proof that the crystal form of the seed material and the growing 
crystals are the same phase or even, necessarily, the same compound. Seed­
ing with any material involves some physical shock which is often sufficient, 
by itself, to cause nucleation. · · 

e. If the two samples are mixed dry on a microscope slide beneath a cover 
slip, they can be wetted by allowing a liquid to run in under the edge of the 
cover slip. If they are wetted with a saturated solution of either component 
in a suitable solvent, the occurrence of a solution phase transformation means 
that the two samples are polymorphic forms of the same compound. 

J. If several crystals of each sarriple are heated close together in a hot stage, 
a solid-solid transformation of one component followed by melting of both 
at the same temperature will strongly indicate (but not prove) that the two are 
polymorphs. If, on heating, one form melts ·first, then resolidifies com­
pletely owing to seeding by the other form, followed by uniform melting on 
further heating, the two forms are polymorphs. 

g. There might also be a vapor phase transformation during heating of 
the two samples in intimate mixture. This too is characteristic of poly­
morphism. 

XI. Conclusion 

An understanding of polymorphism is essential to the analyst interested in 
the use of crystal properties as a means of identifying c.ompounds since a 
given compound may crystallize in any one of several lattices. HMX, for 
example, shows four different crystalline polymorphs (Table III) and the 
lattices are as dissimilar as the two lattices of, say, calcite and diamond. 

The chemist interested in the relation.ship between. chemical structure and 
performance (e.g., color of dyes and pigments, gloss of a wax or polymer 
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coating, strength of a synthetic fiber, sensitivity of an.explosive, blood levels 
for an orally administered drug, rate of burning of a solid propellant) _cannot 
ignore polymorphism because the crystal properties of solubility, 'density, 
crystal shape and size, etc., all have an effect on the performance properties. 
An extreme case is carbon, with the polymorphs graphite (black, soft, a 
lubricant) and diamond (white, hard, an abrasive). 

TABLE III 
CRYSTAL PROPERTIES OF THE HMX POLYMORPHS 

Polymorph 

I II III IV 

Crystal system Monoclinic Orthorhombic Monoclinic Hexagonal 
Density 1.92 1.87 1.82 1.78 
Beta angle 102.8° 90° 120° 
Refractive indices 

oc (or w) 1.589 1.561-1.565 1.537 1.607 

fJ 1.594 1.562-1.566 1.585 
y (or E) 1.773 1.72 -1.74 1.666 1.566 

Polymorphism is a fertile field of research for the physicist or chemist 
interested in the solid state. In particular, ferromagnetic materials, semi­
conductors, and piezoelectric materials are very structure-dependent. 
Wurtzite, for example, is a good semiconductor, whereas sphalerite is not, 
even though both are ZnS. Only compounds crystallizing in noncentro­
symmetric crystal lattices can be piezoelectric; hence quartz, for example, is 
piezoelectric, but tridymite, a high-temperature form of silica, is not. In 
ferromagnetism, MnO has two forms; one, stable below 120°C, is strongly 
antiferromagnetic, whereas the form stable above 120°C is not. Examples of 
this sort are endless, and anyone interested in the solid state must consider 
at all times the crystal lattice involved as much as he considers the chemistry 
of the compound. 
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THE ALLEN TRANSLATION SERVICE 

Translated from French 

[Acta C,yst., ( 1977), B33, 1455-1459] 

Crystal Structure of the 1: 1 Sulfacetamide-Caffeine Complex 

Authors: --Jean Michel Leger: 

1 

Analytical Chemistry Laboratory, School of Pharmacy, ERA Number 26, CNRS, University of Bordeaux 11, 
91 rue Leyteire, 33000, Bordeaux, France 

--Serge Alberola: 
General and Inorganic Chemistry Laboratory, Department of Phannaceutical and 
Biological Sciences, Montpellier I, France 

--and Alain Carpy: 
Crystallography Laboratory Affiliated with the CNRS, University of Bordeaux I, 
cours de la Liberation, 33405, Talence, France. 

(Received on October 27, 1976. Accepted on October 28, 1976.) 

The crystal structure of the I: l complex of sulphacetamide with caffeine has been solved by X-ray diffraction 
methods. The crystals are monoclinic, space group P2 1/c, with a= 7:30 (8), b = 30.76 (7), c = 8.89 (7) A, [3 = 108.1 
(5) 0

, and four sulfacetamide and four caffeine molecules in the cell. The full-matrix least-squares refinement of332 
atomic positional and thermal parameters, based on 3365 X-ray intensity data, gave a final R of0.05. The structure 
consists of ribbons of sulfacetamide molecules linked by NH ... O hydrogen bonds. Caffeine molecules bridge two 
different sulfacetamide ribbons by NH ... N and NH ... O hydrogen bonds. A strong van der Walls force is also 
involved in the complex formation. 

Introduction 

Within the context of research conducted in relation to combinations of chemical substances ofa medicinal 
nature, Albero la, Ram baud, and Sabon ( I 916) identified a l: I molecular compound consisting of sulfanilamide and 
caffeine by differential enthalpic analys_is. · 

Figure I: Atomic Numbering. 

For defining a_nd comparing the nature of bonds in the solid form and in solutions, determination of the 
crystal structure oNhi<~mp.l~ (F.~~re •It) was initially attempted. 
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2 

Experimental Phase 

Crystals were obtained by gradual evaporation from an ethyl alcohol solution (Alberola el al., 1976). 
Crystallographic data is as follows: monoclinic system: spatial group-- Pl, Jc; lattice parameters: a= 7.30 (8), 
b = 30. 76(7), c = 8.89 (7) A, ~ = I 08.1 (5)0

; V == 1,900 A, d,. = 1.46, d, = 1.43 g cm•J, Z = 4. Number of reflections: 
3,385, with 2,614 having been observed. 

Diffracted intensities were measured with a Siemens automatic diffractometer which had been equipped 
with a scintillation counter, by 8 - 20 scanning and with use of Cu Ka radiation. 

Determination of the Structure 

Coordinates for the sulfur atom were determined by deconvolution of Patterson's three-dimensional 
function for £1

. Fourier sections which were completed with signs for sulfur allowed all of the other atoms to be 
located. Refinement by the least squares method took place in the manner described within Table I.• 

Table I: Refining the Structure 

Refinement with weighting method: w = l if I F0 I< P and w = P1/F0 if I F0 I> P, 
with P = v' IF 2o (max.)/10 I . 

· Refinement ~ith isotropic thermal e·xcitatiori for 
S, 0, N, C atoms; after five cycles· 

Refinement with anisotropic thermal excitation for 
the same atoms; after three cycles 

Location of hydrogen atoms by Cochran's differential function 

Refinement with isotropic thermal excitation for 
hydrogen atoms and anisotropic excitation for 
other atoms; after three cycles · 

Results 

R 

0.12 

0.07 

0.05 

Table 2 contains parameters for positions and thermal excitation of atoms. lnteratomic distances and 
angles for bonds appear within Tables 3 and 4. 

The figures which were obtained are highly consistent with those which were proposed for sulfanilamides 
by Alleaume ( 1967) and by Sutor ( l 958) for hydrated caffeine (Table 5). 

Use of a program developed by Schomaker, Waser, Marsh, and Bergman ( 1959) allowed determination of 
the following average planes (Table 6): Plane I, consisting of C(I) to C(6) atoms; Plane 2 consisting of C(l6), 
N( 17), C(l 9), and C(20) atoms; and Plane 3 consisting of S (8), N ( 11 ), and C( 12) atoms. 

*Lists of structural factors have been filed with the British Library Lending Division's Records Division 
(Supplementary Publication Number SUP 32277: 35 pages). It is possible to obtain copies by contacting: The 
Executive Secretary, International Union of Crystallography, 13 White Friars, Chester CH I I NZ, England. 
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3 

Table 2: Atomic Coordinates (x I 04
) and Thermal Excitation Factors, /J;J (x I 04

) 

X )I z /Ju /Jn /Jn /J11 /J,1 /Ju 
C(I) 1449 (4) 1594 (I) ~mm 172 (7) 9(0)' 101 (4) 0(2) 57 (8) 2(2) 
C(2) 1198(4) 1850 (I) -1860(4) 199 (7) 10(0) 118 (4) 9 (2) 63 (8) 10 (2) C(3) 1104 (S) 1661 (I) -3290 (3) 224 (8) 10(0) 107 (4) 5 (3) 60 (9) 9 (2) C(4) 1300(4) 1209 (I) -3397 (4) 194 (7) 11 (0) 120 (4) -12 (3) 72(9) -5(2) C(S) I 564 (5) 954 (I) -2041 (4) 243 (8) 10(0) 140 (5) -13 (3) 96 (10) -I (2) C(6) 1625 (5) 1142 (I) -628 (4) 221 (8) 10(0) 123(4) -9 (3) 82 (9) 5(2) N(7) 1198 (5) 1014 (!) -4808 (3) 360 (9) 14 (0) 127 (4) -14 (3) l5S (10) -2012) S(S) 1578 (I) 1826 (0) 1277(1} 189 (2) 11 (0) 100 (I) -2 (I) 68 (2) -2(0) 0(9) 1007(4) 1508 (I) 222 l (3) 269 (6) 18 (0) 122 (3) -35 (2) I 3.5 (7) 5(2) 0(10) 628 (4) 2235 (I) 1006 (3) 266 (6) 14 (0) 161 (4) 36 (2) 90(8) -lJ (2) N(I I) 3892 (4) 1897(1) 2227 ()) 192 (6) 11 (0) 109 (4) -12 (2) IS (7) 4 (2) C(l2) 5057 (S) 2196 (I) 1819 (4) 248 (8) 10(0) 125(5) -14 (3) i4 (10) -4 (2) 0(13) 4486 (4) 2422 (I) 664 ()) 331 (1) 14 (0) 169 (4) -35 (3) 55 (9) IS (2) C(l4) 7093 (6) 2211 (I) 2950 (S) 218 (9) 18 (I) 197(7) -25 (4) 58 (12) -4 (3) N(IS) 3415 (4) -605 (I) -4509 (3) 23.5(7) 13 (0) 127 (4) 7 (2) i I (8) 6 (2) C(l6) 2732 (S) -218 (I) -5238 (4) 226 (8) 12 (0) 157(6) I (3) 53 (11) -I (21 N(l 7) 2408 (4) -192 (I) -6850 (3) 246 (7) 10(0) I 56 (5) 10(2) 29 (9) 13 (2) C(l8) 2726 (5) -524 (I) -7833 (4) 200 (8) 12(0) ISS (5) 4 (3) 62 (IO) 14 (2) C(l9) 3393 (S) -907 (I) -6994 (4) 179 (7) 11 (0) 144 (5) 4 (3) Si (9) 4 (2) C(20) 3704 (5) -950 (I) -5400(4) 186 (7) 11 (0) 151 (5) 4 (3) 50 (9) 5(2) N(2 I) 4287 (S) -135 I (l) -4883 (4) 269 (8) 12 (0) 183(5) 12 (3) 58 (10) 21 (2) C(22) 4331 (6) -1567 (I) -6210 (5) 274 (10) 13 (0) 199 (7) 16 (3) 105(12) 12 ()) N(23) 3781 (4) -1308 (ll -7520(3) 212 (7) 14 (0) 145 (4) 0(2) 94 (8) -8 (2) C(24) 3596 (7) -667 (2) -2835 (4) 370 (13) 19 (I) 130(6) 9 (4) 96 (I J) 8 (3) 0{25) 2435 (5) 92 (l) -4475 (3) 410 (9) 13(0) 213 (5) 24 (3) 99 (11) -20 (21 C(26) 1550 (7) 218 (1) -7612 (6) 421 (14) 11 (0) 226 (8) 42 (4) . 21(16) 28 (3) 0(27) 2401 (4) -468 (I) -9268 (3) 358 (8) 19 (0) 139 (4) 18(3) 91 (9) 21 (2) C(28) 3667 {6) -1448 (2) · -9106(5) . 257 (10) 21 (I) 176 (7) 6 (4) 131 (13) -23 (31 

X )I B :x J' z B 
H(l40) i904 (57) 2356 (12) 2421 (49) 7,0 H(262) 210 (59) 279 (13) -7474 (49) 7,5 H(l4!) 7SS2 (55) 1938 (13) 3366 (45) 6,8 H(280) 4638 (SS) -1282(13) -9399 (45) 6,5 H(l42) 7088 (58) 2387 (14) 3880 {48) 7,7 H(28 l) 4336 (63) -1729(13) -8910 (52) 7,9 H(200) 1 I 39 (50) 2168 (10) -1765 (40) 4,6 H(282) 2420 (62) -1439 ( 13) -9854 (52) 7,9 H(220) 47SI (56) -1884 (12) -6217 (47) 6,4 H(J00) 933 (53) 1852(11) -4250(45) S.6 H(240) 2604 (56) -821 (12) -2619 {48) 6,9 H(S00) 1765 (54) 616 (12) -2095 (43) 5.6 H(241) 3695 (56) -403 (12) -2386 (46) 6,6 H(l 10) 4450 (.54) 1716 (12) 3109(44) S.8 H(242) 4791 (60) -828 (! 3) -2331 (50) 7,7 H(600) 1747 (49) 949 (II) 291 (42) 4,9 H(260) 2181(56) 506 (12) -7249 (48) 6,7 H(700) 1667 (55) 741 (12) -4865 (45) 6,3 H(261) 1656(55) 221 (12) -8580(45) 6,5 H(70I) 1293 (54) 1180(13) -5603 (45) 6.3 

Table 3: lntera;omic Distances (A) 

C(I) C(2) 1,383 (4) N(l7) C(26) 1,476 (S) C(2) C(J) 1,380 (4) C(l8) 0(27) 1,236 (4) C(3) C(4) 1,404 (4) N(23) C(28) 1,453 (S) C(4) C(S) 1,403 (S) N(l5) C(20) 1,380 (S) C(S) C(6) 1,372 (5) C(2) H(200) 0,984 (32) C(6) C(I) 1,401 (4) C(J) H(300) 1,012(37) C(I) S(S) 1,737(3) C(S) H(500) 1,053 (36) S(8) 0(9) 1,434 (3) C(6l H(600) 0,993 (35) S(S) 0(10) 1,422 (3} N(7) · · H(700) 0,914 (37) S(8) N(II) 1,652(3) N(7) H(70I) 0,894 (39) N(I I) C(l2) 1,376 (4) N(II) H(II0) 0,945 (3 7) C(l2) 0(13) l,203 (4) C{l4) H(l40) 0,973 (42) C(l2) C(l4) 1,515(6) C{l4) H(l4 I) 0,937 (40) C{4) N(7) 1.372 (4) C(l4) H(142) 0,988 (41) N(l5) C(l6) 1,374 (5) C(22) H(220) 1,023 (39) C(l6) N(17) 1,382 (S) C(28) H(280) 0,973 (41) N(I 7) C(IS) 1,411 (5) C(28) 11(281) 0,981 (42) C(lll) C(I~) 1,398 (.S) C(28) H(282) 0,947 (46) C(19) C(20) 1,371 (5) C(26) H(260) 1,00.S (39) C(20) N(2l) 1,339 (4) C(26) H(26 I) 0,888 (J~) N(2I) C(22) 1.363 (.S) C(26) H(262) 1,042 (46) C(22) N(23) 1,365 {5) C(24) . H(240) 0,935 (42) N(23) C(l9) 1,380 (4) C(24) H(24 I) 0,898 (39) N(IS) C(24J 1,466 (5) C(24) H(242) 0,982 (44) C(l6) 0(25) 1,227 (5) 

UM00012207 

NOVARTIS EXHIBIT 1517 
Novartis v. Regents, IPR2023-01347 

Page 953 of 4460



4 

Table 4: Angles/or Bonds(") 

C(l)-C(2)-C(3) 120,18 (03) H( 110)-N(l l}-C(l 2) 118,02(24) H(280)-C(28)-H(28 I) 98,37 (37) 
C(2)-C(J)-C(4) 120,15 (03) N(l l)-C(12)-O(13) 122,22 (03) H(280)-C(28)-H(282) 114,74 (37) 
C(3)-C(4)-C(S) 119,11(03) N(l 1)-C(l2)-C(l4) 113,94 (03) H(28 l)-C(28)-H(282) 117,86 (40) 
C(4)-C(S)-C(6) 120,47(03) 0( 13)-C( 12)-C{l 4) 123,84 (03) C(28)-N(23)-C( 19) 129,71 (03) 
C(5)-C(6)-C(I) 119,82 (OJ) C( 12)-C( 14)-H( 140) 108,24 (26) N(23)-C( 19)-C( l 8) 130,29 (OJ) 
S(B)-C( l )-C(l) 120,78 (02) C(l 2)-C(l 4)-H(l 4 l) 113,03 (25) C(l 9}-C(l 8)-O(27) l 26.29 (03) 
C(I )-C(2}-H(200) I 19,38 (22) C(l 2)-C{l 4)-H(l 42) 108,31 (25) O(27)-C( 18}-N( 17) 121,51 (03) 
H(200)-C(2)-C(3) 120,40 (22) H(l40)-C(l4)-H(l4 I) 113,83 (36) C( 18)-N{l7)-C(26l I li,61 (03) 
C(2)-C(3)-H(J00) 119,47(23) H( 140)-C(14)-H(l42) 108,47 (36) N( 17)-C(26)-H(260) 121,28 (25) 
H(300)-C(3)-C(4) 120,36 (23) H(l41)-C( 14)-H(l42) 104,70 (36) N( 17)-C(26)-H(261) 107,47 (27) 
C(3)-C(4)-N(7) 121.26 (03) N(l 5)-C(l 6)-N07) 117,40(03) N( I 7)-C(26)-H(262) 112,32(25) 
C(4)-N(7)-H(700) 122,65 (26) C(l6)-N(l7)-C(l8) 125;34 (03) H{260)-C(26)-H(26 I) 97,71 (36) 
H(700)-N(7)-H(70 I) l 11.06 (37) N( l 7)-C( 18)-C( l 9) 112,19 (03) H(260)-C(2 6 )-H(262) 99.07 (35) 
C(4)-N(7)-H(70 I) 118,48 (26) · . C(I 8)-C(l 9)-C(20) 123,S I {03) H(26 I )-C(26)-H(262) l 18,83 (36) 
N(7J-C(4)-C(5) 119.61 (03) C(I 9)-C(20)-N(I 5) 120,87 {03) N( 17)-C( 16)-0(25) 121,76(03) 
C{4)-C(5)-H(500) 119.88 (22) C(20)-N( I S)-C( 16) 119,65 (03) O(2S)-C(l 6)-N(lS) 120,84 {OJ) 
H(SOO)-C(5)-C(6) 119.62 (22) N(2 I )-C(20)-C( 19) I 12;17(03) C( 16)-N( I S)-C(24) 119.82 (OJ) 
C(5)-C(6}-H(600) 117,99 (22) C(20)-C(l 9)-N(23) 106,14 (03) N{ 15)-C(24)-H(240) 116,41 (26) 
H(600)-C(6)-C(I) 122.14 (22) C(I 9)-N(23)-C(22) 105,67 (03) N(l5)-C(24)-H(24 I) 107.68 (27) 
C(6)-C( I )-S(8) 118,97 (02) N(23)-C(22)-N(2 I) 111,99 (03) N{ I 5)-C(24)-H{242) 108,42 (27) 
C( l)-S(S)-O(9) 108,69 (01) C(22)-N(2 l)-C(20) 104,02 (03) H(240)-C(24)-H(24 I) !09.04 (38) 
C(l)-S(B)-O(10) 108,93 (01) N(2 I )-C(20)-C( 19) 112,17 (03) H{240)-C(24)-H(242) 106.71 (37) 
0( I 0)-S(8}-O(9} 119,18 (0 I} N(21)-C(22)-H(220) 123,87 (24) H(24 I )-C(24)-H(242) !OS.JS (38) 
C(l)-S(8)-N(l l) 106,26 (01) H{220)-C(22)-N(23) 124,14 (24) C(24)-N( l 5)-C(20) 120.07 (OJ) 
O(9)-S(B)-N(I I) !03,23 (01) C(2 2)-N(23)-C(28) 124,62 (03) N{ 15)-C(20)-N(21) 126.96 (03) 
0(10)-5(8}-N(l l) 109,76 (0l) N(23)-C(28)-H(280) 106, 18 {24) C(6)-C( l)-C(2) 120,25 (03) 
S(8)-N(l l)-H( 110) 117, 11 (i4) N(23)-C(28)-H(28 I) 102.39 (28) C(26)-N( 17)-C{ 16) I 15,95 (03) 
S(B}-N(I I }-C(I 2) 124,87 (02) N(23)-C(28)-H(282) I IS,18 (28) 

The results which were obtained provide a basis for the following observations: 
--the benzene ring within sulfacetamide is perfectly flat; . 
--the two caffeine rings are practically flat (Atom C(22), which offers. the most significant 

deviation from the plane, is separated from it by a distance of 0.07 A). 

The dihedral angle formed by ring cp (plane ·J) and the beginning of the sulfacetamide chain (plane 3) is 
equal to $ = I 02.86° 

In terms of the dihedral angle formed by the intermediate planes I and 2, it is equal to 
$ = 12.56°, thereby demonstrating that sulfacetamide's cp ring and the two caffeine rings are practically parallel. 

Table 5: /nteratomic Distances (A) and Angles (0 )/or Certain Sulfanifamides and/or Hydrated Caffeine 

Typical Configuration for Sulfanilamides (Alleaume, 1967) 

C(l)-C(2) 
C(2)-C(3) 
C(J)-C(4) 
C(4)-N(7) 
C(4)-C(S) 
C(5)-C(6) 
C(6)-C(I) 
C(l)-S(B} 
S(S)-0(9) 
5(8)-0(10) 
S(S)-N(I I) 

1,381 
1,382 
1.399 
1.380 
1.399 
1,382 
!,361 
l.i.S l 
1,442 
1,442 
1,635 

C(I )-C(2)-C(3) 
C(2)-C(3)-C(4) 
C(3)-C(4)-C{.S) 
C(4)-C(5)-C{6) 
C(5)-C(6)-C(I) 
C(6)-C( IJ-C(2) 
C(Z)-C( 1)-S(R) 
C(6)-C( 1)-5(8) 
C(I )-S(S)-O(9) 
C(l)-S(S)-O(10) 
C(I )-5(8)-N(l I) 
0(9)-S(S)-N(l I) 

· 0(10)-S(S)-N(l 1) 
0(9)-S(S)-O(10) 
C(3)-C(4)-N(7) 
C(5)-C(4)-N(7) 

120,7 
120,2 
118.0 
120,0 
120,7 
120,0 
1 l!J,8 
119,8 
107,3 
107.3 
109.8 
106.8 

.106.8 
118.3 

. 120,9 
120.9 
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Configuration for Hydrated Caffeine (Sutor, 1958) 

N(I 5)-C( 16) 
C{l6)-N(l7) 
N{l 7)-C( 18) 
C(l 8)-C( 19) 
C( I 9)-C(20) 
C(20)-N(2 I) 
N(2 I )-C(22) 
C(22)-N(23) 
N(23)-C( 19) 
N( I 5)-C(20) 
N(! 5)-C(24) 
C(16)-0(2S) 
N(17)-C(26) 
C(IS)-0(27) 
N(23)-C(28) 

1,35 C(20)_:N(IS)-C(l6) 
1,42 N( IS)-C(16)-N( 17) 
1,36 C(l 6)-N{ 17)-C(IS) 
1,44 N(l7)-C(l8)-C(l9) 
I ,J 2 C( I B)-C(l 9)-C(20) 
1.31 C(l9)-C(20)-N(IS) 
1.34 C( 19)-C(20)-N(2 I) 
1.32 C(20)-N(2l)-C(22) 
1,41 N(21)-C(22)-N(23) 
1,42 C(22)-N(23)-C(l9) 
1,50 N(2J)-C( 19)-C(W) 
I, 19 C(20)-N(IS}-C(24) 
1,48 C(24)-N( IS)-C(l6) 
1,26 N(IS)-C(l6}-0(25) 
l.47 C(l6)-N(l7)-C(26) 

C(26)-N( 17)-C( 18) 
N( 17)-C( 18)-0(27) 
C(l9)-C(l8)-0(27) 
C( l 9)-N(23)-C(28} 
C(22)-N(23)-C~28) 

Cohesion of Crystals 

122.8 
112,9 
127,6 
115,8 
119,9 
121,4 
110,9 
105.7 
112,3 
103.4 
107,2 
119.2 
117,9 
124,1 
112,0 
120,3 
118,4 
126.4 
128.7. 
127.5 

5 

The crystal structure of the complex is characterized by chains consisting of sulfacetamide molecules which 
are interconnected by N(i;;)-H(70 l iii) ... O(9;) hydrogen bonds which are parallel to the ( 100) plane {Figures 2 and 3 ). 
The angle for N (iii)-H(70 l iii) ... 0(9;) is equal to 168.33° (Table 7). 

Caffeine molecules are situated between two sulfacetamide periodic chains, and they connect these chains 
according to the directions identified as (010) and (001) by means of 0(25\ .. H(700il_N(i) and N(2h­
H(I IO;) ... N(l l;) bonds respectively. The measurements of the O(i5i) ... H(700;)-N(i) and N (11 ;}-H( 11 O;) ... N(2 I ;J 
angles are 164.06° and 176.99° (Table 7). 

The principal van der Waals bonds are indicated within Table 7. One form of contact which is more 
significant than other forms of contact, namely O(13;)-C(22vi) = 3.225 A, should be taken into account. 

Table 6: Average Planes/or Atoms 

Plane I: -(0.9694)X -(0.0993)Y + (0.2246)Z = 1.5554 

Atoms which define the plane: 

C(l) 0.001 A C(J) --0.007 A C(S) o.oosA C(2) 0.006 C(4) 0,002 C(6) -0.006 

Other atoms: 
N(7) -0.011 A 0( l OJ -0.509 A 0(13) 2,311 A 
S(B) 0,020 N(I I} 1,604 C(l4) 3,919 0(9) -0.SS9 C(t2) 2.554 

Plane 2: (0.9353)X + (0.3090)Y + (O. l 724)Z=2.2453 

Atoms which defirie the p!a:ne: 

C(l6) 0.006 A 
N(l 7) -0,004 

Other alums: 

C(IB) 0.008 A 
N(IS) 0,024 
N(21 l --0,043 
C(22) -0.074 

C(l9) O.OOS A 
C(20) -0,005 

N(23) --0,0SS A 
C(24) -0,105 
0(25) O.OIS 

C(26) -0,113 A 
0(27) 0.001 
C(28) -0.077 
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Plane 3: (-0.4361 )X T (0.6786)Y + (0.591 0)Z = 4.1020 

Atoms which define the plane: 

S(I) N(l I) C(lll 

Table 7: Hydrogen Bonds and van der Waals Bonds 

Symmetry Code: 

(i) ~ l 
(ii) X y 
(iii) X ~ 
(iv) .r+ I >' 

Hydrogen Bonds 

O(25i), · · N(7;) 
0(25;) · · · H(70d) 
0(9;) · · · N(Ji") 
Q(cj) ... H(70tiiiJ 
N( I l ;): · · N(fr•J 
H(l 10') · · · N(21") 

z 
i-1 
z + I 

2,965 A 
2,075 
3,015 
2.135 
2,867 
1,922 

van der Waals Bonds 

C(S')-;-C(l 9") 
N( 1_5')-N(7"l 
C(4')-N(2J•1") 

C(4'l:-C(22•iii)._ 
C(l6')-C(l 6"") 

3,456 A 
3,470 
3,443 
3,496 
3,476 

(v) ·' l z- 2 
(vi) X Y+½ z + ½ 
(vii) i+ I l + \ z-¼ 
(viii) ,f+ I ,v :- I 

Q(2Si).,, H(700;)-N('7') 164,06° 

0(9;) · ·, H(70tiu)-N(7') 168,33 

N(l ti)-H( I l0i), · · N(2li") 176,99 

C{l4'.)-N(2 l'v) 
C(26')-0(27") 
0( l0;)-C(2'') 
0( l3i)-C(22.;') 

• C11bont 
• 4tott 
• o.,.,,,,, 

3,472 A 
3,412 
3,348 
3,22S 

• Carbon 

* Nitrogen 

■Oxygen 

Figure 2: Projection of Structure onto Plane ( I 00) 

6 
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Discussion and Conclusion 

The results which were obtained demonstrate that formation of the complex in a solid phase is provided by 
two hydrogen bonds. Moreover, for both caffeine, C, and sulfacetamide, S, combinations are of the S ... C ... Sand 
c ... s ... Ctype. 

These combinations are comparable to those which Craven and Gartland ( 1970) had identified for the 2: I 
barbital-caffeine complex. In that instance, however, caffeine was only connected to the barbital chains by a sole 
hydrogen bond and by two 3. i6 A and 3.35 A van der Waals bonds. · 

With the I: I sulfacetamide-caffeine contact remaining in solution (Alberola, 1976), infrared spectroscopic 
analysis was undertaken in order to attempt to determine whether the remaining hydrogen bond is of the NH ... 0 
type or the NH ... N type. 
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PAR JEAN MICHEL LEOER 

Laboratoire de Chimie Analytique, Faculte de Pharmacfe ERA 11°626 CNRS, Unlversite de Bordeaux n, 
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33405 Talence, France 

(Reru le 27 octobre 1976, accept/ le 28 octobre 1976) 

The crystal structure of the I : l complex of sulphacetamide with caffeine has been solved by X-ray diffrac­
tion methods. The crystals are monoclinic, space group P2.fc, with a= 7 ·30 (8), b = 30-76 (7), c = 8-89 (7) 
A, /J = 108-1 (5)0

, and four sulphacetamide and four caffeine molecules in the cell. The full-matrix least­
squares refinement or 332 atomic positional and thermal parameters, based on 3365 X-ray intensity data, 
gave a final R of 0-05. The structure consists of ribbons or sulphacetamide molecules linked by NH• • • 0 
hydrogen bonds. Caffeine.molecules bridge two different sulphacetamide ribbons by NH·•• N and NH••• 0 
hydrogen bonds. A strong van der Waals force is also involved in the complex formation. 

Introduction 

Dans le cadre des recherches poursuivies sur les 
associations de substances chimiques a caractere 
medicamenteux, Alberola, Rambaud & Sabon (1976) 
ont mis en evidence un compose moleculaire 1: I entre 
la sulfacetamide et la cafeine, par analyse enthalpique 
di fierentielle. 

H- H""' 0\•1 H.,., 
\ I u / c-c o. c-c-H 

", I' '\ I / .. \ ... 
11-c. c-s-N•· , .. 
/' \ . .1· ·1 \ 

H... C-C O H .. 111 I \ .. 
~ H.,.., 

Afin de preciser et de comparer la nature des liaisons 
dans le solide et en solution, la determination de la 
structure cristalline de ce complexe (Fig. I) a ete 
entreprise dans un premier temps. 

Parde experlmentale 

Les cristaux ont ete obtenus par evaporation lente a par· 
tir d'une solution dans l'alc:ool ethylique (Alberola et 
al., 1976). Les donnees cristallographiques sont: sys­
teme monoclinique; groupe spatial P2/t:; parametres 
de la maille: a== 7,30 (8), b = 30,76 (7), c = 8,89 (7) A, 
/J = 108,1 (5) 0

; V= 1900 A3, d,,,= 1,46, d,= 1,43 g 
c:m-3, Z = 4. Nombre de reffexions: 3385, dont 2614 
observees. 

Les intensitees diffractees ont ete mesurees sur 
diffractometre automatique Siemens equipe d'un comp­
teur a scintillations, en balayag~ 0-28 et en utilisant le 
rayonnement Cu Ka. 

Determination de la structure 

Les coordonnees de l'atome de soufre ont ete deter­
minees par deconvolution de la fonction de Patterson 
tridimensionnelle en £ 2

• Des sections de Fourier effec­
tuecs avec !es signes du sou fre. ont pennis de localiser 
!'ensemble des autres atomes. L'affinement par la 

. -- . .. ·-----------
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( 1456 STRUCTURE CRISTALLINE DU COMPLEXE 1: 1 SULFACETAMIDE-CAFEINE 

methode des moindres cures a ete conduit de la fa~on L'utilisation du programme de Schomaker, Waser, 
decrite dans le Tableau I.• Marsh & Bergman (1959) a pennis de determiner les 

plans moyens suivants (Tableau 6): plan 1, constitue 

Reswtata 
par les atomes C(l) a C(6); plan 2, constitue par !es 
atomes C(l6), N(l 7), C(l 9), C(20); et plan 3, constitue 

Le Tableau 2 rassemble les parametres de position et 
par les atomes S{8), N(l 1), C(I2). 

d'agitation thermique des atomes. Dans les Tableaux 3 Tableau 1. Aj]inement de la structure et 4 sont regroupes les distances interatomiques et les 
angles de liaisons. Affinemcnt avec le schema de ponderation: w = I si I Fol< P. et 

Les valeurs trouvees sont en bon accord avec celles w = 1'1/Fn si !Fol> P. avcc P = ,IIFMmax.)IIOI. 

avancees pour les sulfanilamides par Alleaume (1967) .. R 
Affinement avec agitation lhermique isotrope sur les atomes 0.12 et pour la cafeine hydratee par Sutor (1958) (Tableau S. O, N, C; apres cinq cycles 

S). A ffinement avec agitation thermique anisotrope sur ces memcs 0.07 
atomcs: apres trois cycles 

• La lisle des racteun de structure a ere deposee au depot Localisation des atomcs d'hydrogene par fonc:tion di rrercnc:e 
d'archivcs de la British Library Lending Division (Supplementary de Cochran 
Publication No. SUP 32277: 35 pp.). On peut en obtenir des copies Affinement avec agitation thermique isotrope sur les atomes 0,05 
en s'adressant i: The Executive Secretary, lntem11tional Union or ' d'hydrogene et anisotrope sur les autres atomes: aprcs trois 
Crystallography, 13 White Friars, Chester CH I I NZ, Anglctel're. cycles 

Tableau 2. Les coordonnees atomlques ( x IO') et les Ji:zcteurs d'agitatlon thermlque /311 ( x IO') 

.x JI z /J11 /Jn /Jn /Ju /Ju /JIJ 
C{I) 1449 (4) 1594 (I) -533 (3) 172(7) 9 (0) 101 (4) 0(2) 57 (8) 2 (2) 
C(2) 1198 (4) 1850 (I) -1860 (4) 199 (7) 10(0) 118 (4) 9(2) 63 (8) 10(2) 
C(3) 1104 (S) 1661 (I) -3290(3) 224 (8) 10(0) 107 {4) 5 (3) 60(9) 9 {2) 
C(4) 1300 (4) 1209(1) -3397 (4) 194 (7) 11 (0) 120(4) -12 (3) 72 (9) -5(2) 
C(S) 1564 (5) 954(1) -2041 (4) 243 {8) 10(0) 140(5) -13 (3) 96 (10) -I (2) 
C(6) 162.5(5) 1142 (I) --628 (4) 221 (8) 10(0) 123(4) . -9 (3) 82 (9) 5(2) 
N(7) 1198 (S) 1014(1) -4808 (3) 360 (9) 14 (0) 127 (4) -14 (3) 155 {10) -20(2) 
S(8) 1578(1) 1826 {O) 1277 (I) 189 (2) II (0) 100 (I) -2 (I) 68 (2) -2 (0) 
0(9) 1007 (4) 1508(1) 2221 (3) 269 (6) 18 (0) 122 (3) -JS (2) 135 (7) 5(2) 
0(10) 628 (4) 2235(1) 1006 (3) 266 (6) 14(0) 161 (4) 36(2) 90(8) -13 (2) 
N(I I) 3892 (4) 1897 ( I) 2227 (3) 192 (6) 11 (0) 109(4) -12(2) 15 (7) 4 (2) 
C(l2) 5057 (5) 2196(1) 1819(4) 248 (8) 10(0) 125(5) -14(3) 74 ( 10) -4 (2) 
0(13) 4486 (4) 2422 (I) 664 (3) 331 (7) 14 (0) 169(4) -35 (3) 55 (9) 15 (2) 
C(l4) 7093 (6) 2211(1) 2950(5) 218 (9) 18 (I) 197(7) -25 (4) 58 ( I 2) -4 (3) 
N(l5) 34 IS (4) -605 (I) -4509 (3) 235 (7) 13(0) 127(4) 7 (2) 7 l (8) 6 (2) 
C(l6) 2732 (5) -218 (I) -5238(4) 226 (8) 12(0) 157 (6) I (3) 53 (11) -I (2) 
N{l7) 2408 (4) -192 (I) -6850 (3) 246 (7) 10(0) 156(5) 10(2) 29 (9) 13(2) 
C(IS) 2726 (S) -524 (I) -7833 (4) 200 (8) 12(0) l5S(5) 4(3) 62 (10) 14 (2) 
C(l9) 3393 (S) -907(1) . -6994 (4) 179 (7) 11 (0) 144 (5) 4 (3) S7 (9) 4 (2) 
C(20) 3704 (.5) -950(1) -5400(4) 186 (7) 11 (0) 151 (5) 4(3) 50(9) 5(2) 
N(21) 4287 (S) -1351(1) -4883 (4) 269 (8) 12 (0) 183(5) 12 (3) 58 (10) 21 (2) 
C(22) 4331 (6) -1567 (I) -6210(5) 274 (10) 13 (0) 199(7) 16 (3) 105(12) 12 (3) 
N(23) 3781 (4) -1308 (I) -7520(3) 212(7) 14(0) 145(4) 0(2) 94 (8) -8 (2) 
C(24) 3596 (7) -667 (2) -2835 (4) 370 (l 3) 19 (I) 130(6) 9 (4) 96 (13) 8 (3) 
0(25) 2435 (5) 92 (I) -4475 (3) 410 (9) 13(0) 213 (5) 24 (3} 99 (11) -20 (2) 
C(26) 1550 (7) 218 (I) -7612(6) 421 (14) 11 (0) 226 {8) 42(4) 2 I (16) 28 (3) 
0(27) 2401 (4} -468 (I) -9268 (3) 3S8 (8) 19 (0) 139(4) 18(3) 91 (9) 21 (2) 
C(28) 3667(6) -1448 (2) -9106 (5) 257 (IO) 21 (I) 176 (7) 6 (4) 1.31 ( 13) -23 (3) 

.x y z B .x )' z B 
H(l40) 7904 (57) 2356 (12) 2421 (49) 7,0 H(262) 210 (59) 279 (13) -7474(49) 7,5 
H(l4 I) 7552(55} 1938 (13) 3366(45} 6,8 H(2BO) 4638 (55} -1282(13) -9399(45) 6J 
H(l42) 7088 (58) 2387 (14) 3880(48) 7,7 H(28 I) 4336 (63) -1729(13) -8910(52) 7,9 
H(200) 1139 (SO) 2168 (10) -176S(40) 4,6 H(282) 2420(62) -1439 (13) -9854(52) 7,9 
H(220) 4751 (56) -1884 (12) -6217 (47) 6,4 H(.300} 933 (S3) 1852 {11) -4250(45) 5,6 
H(240) 2604 (56) -821 (12) -2619 (48) 6,9 H(SOO) 1765 (S4) 616 (12) -2095 (43) 5,6 
H(241) 3695 (56) -403 (12) -2386(46) 6,6 H(IIO) 4450 (54) 1716 (12) 3109(44) 5.8 
H(242) 4791 (60) -828 (13) -2331 (50) 7,7 H(600) 1747(49) 949 (II) 291 (42) 4,9 
H(260) 2181 (56} 506 (12) -7249(48) 6,7 H(700) 1667 (SS) 741 (12) -4865(45) 6,3 
H(261) 1656(55) 221 (12) -8580(45) 6,5 H(701} 1293 (S4) 1180 (13) -5603 (45) 6.3 
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JEAN MICHEL LEGER, SBRGE ALBEROLA ET ALAIN .CARPY 1457 

Les resultats obtenus conduisent aux remarques 
suivantes: 

- le cycle benzenique de la sulfacetamide est 
parfaitement plan; 

- les deux cycles de la cafeinc sont pratiquement 

C(I) 
C(2) 
C(3) 
C(4) 
C(S) 
C(6) 
C(I) 
S(8) 
S(B) 
S(B) 
N(I I) 
C(l2) 
C(l2) 
C(4) 
N(l5) 
C(l6) 
N(l7) 
C(l8) 
C(l9) 
C(20) 
N(21} 
C(22) 
N(23) 
N(IS} 
C(16) 

Tableau 3. Distances lnteratomlques(A) 

C(2) 
C(J) 
C(4) 
C(S) 
C(6) 
C(I) 
S(8) 
0(9) 
0(10) 
N(II} 
C(l2) 
0(13) 
C(l4) 
N(7) 
C(l6) 
N(l7) 
C(l8) 
C(l9) 
C(20l 
N(21) 
C(22) 
N(23) 
C(l9) 
C(24l 
0(25) 

1,383 (4) 
1,380 (4) 
1.404 (4) 
1,403(5) 
1,372 (S) 
1,401 (4) 
1,737(3) 
1,434 (3) 
1.422 (3) 
1,652(3) 
1,376 (4) 
1,203(4) 
l,S IS (6) 
1.372 (4) 
1,374 (5) 
1,382 (S) 
1,411 (5) 
1,398 (.5) 
1,371 (5) 
1,339 (4) 
1,363 (.5) 
1,365(5) 
1,380 (4) 
1,466 (5) 
1,227 (5) 

N(l7) 
C(IS) 
N(23) 
N(IS) 
C(2) 
C(3} 
C(S} 
C(6) 
N(7) 
N(7) 
N(l 1) 
C(l4) 
C(l4} · 
C(l4) 
C(22) 
C(28) 
C(28) . 
C(28) 
C(26) 
C(26) 
C(26) 
C(24) 
C(24} 
C(24l 

C(26) 
0(27) 
C(28) 
C(20) 
H(200) 
H(300) 
H(S00} 
H(600} 
H(700) 
H(701} 
H(l 10} 
H(l40) 
H(l41) 
H(l42) 
H(220) 
H(280) 
H(281) 
H(282) 
H(260} 
H(261) 
H(262) 
H(240) 
H(241) 
H(242) 

1,476 (5) 
1,236 (4) 
1,453 (5) 
1,380 (5) 
0,984 (32) 
1,012 (37) 
1,053 (36) 
0,993 (35) 
0,914 (37) 
0,894 (39) 
0,945 (37) 
0,973 (42) 
0,937 (40) 
0,988 (41) 
1,023 (39) 
0,973 (41) 
0,981 (42) 
0,947 (46) 
1,005(39) 
0,888 (39) 
1,042 (46) 
0,935 (42) 
0,898 (39) 
0,982 (44} 

plans [l'atome C(22) presentant le plus grand ecart avec 
le plan est distant de 0,07 AJ. 

L'angle diedre forme par le cycle <p (plan I) et le 
depart de la chaine de la sulfacetamide (plan 3) est egal 
aq, 1 = 102,s6°. 

Quant a !'angle diedre forme par les plans moyens I 
et 2, ii est egal a <p2 = 12,56°, ce qui montre que le 
cycle <p de la sulfacetamide et les deux cycles de la 
cafeine sont pratiquement paralleles. 

Cohesion crlstaillne 

La structure cristalline du complexe est caracterisee par 
des chaines fonnees de molecules de sulfacetamide liees 
entre elles par liaison hydrogene N(7"'}-H(701;;;)· .. 
0(9~. pamlleles au plan (100) (Figs. 2 et 3). L'angle 
N(7;;;)-H(701n) .. -0(9') est egal a 168,33° (Tableau 
7). 

Les molecules de cafeine s'inserent entre deux 
chaines periodiques de sulfacetamide et les relient dans 
Jes directions (010) et (001) par l'intermediaire 
des liaisons hydrogene 0(25;) ... H(70CJ}-N(7;) et 
N(2 Ii•)• • • HO I O')-N(I I~ respectivement. Les angles 
0(25;)-H(700;)-N(n et N(I l ;}-H(l 10;) · ·. N(2I ;,") 
ont pour valeur 164,06 et 176,99° (Tableau 7). 

Les principales liaisons de van der Waals sont ras­
semblees dans le Tableau 7. II est a noter un contact 
plus important que les autres, 0(13i)-C(22';) = 3,225 
A. 

Tableau 4. Angles de liaisons (0
) 

C(I )-C(2)-C(3) 120, 18 (03) H(I I0)-N(l l)-C(l2) 118,02 (24) H(280)-C(28)-H(28 I) 98.37 (37) 
C(2)-C(3)-C(4) 120,15 (03) N(l l)-C(l2)-0(13) 122,22 (03) H(280)-C(28}-H(282) 114,74 (37) 
C(3}-C{4)-C(5) 119,11 (03) N(l l)-C(l2)-C(l4) 113,94 (03) H(281)-C(28}-H(282) 117,86 (40) 
C(4}-C(5)-C(6) 120,47 (03} 0(13)-C( I 2)-C(l4) 123,84 (03) C(28)-N(23}-C( 19) 129,71 (03) 
C(S}-C(6)-C(I) 119,82 (03) C(l 2)-C(l4)-H(l40) 108,24 (26) N(23)-C( l 9}-C(l 8} 130,29 (03) 
S(B}-C(I )-C(2} 120,78 (02) C(I 2)-C(l4}-H(l4I) 113.03(25) C( I 11}-C( I 8}-0(27) 126.29(03) 
C( I )-C(2)-H(200) 119,38 (22) C(l 2)-C(l 4)-H(l 42} 108,31 (25) 0(27)-C(l8}-N(I 7} 121,51 (03) 
H(200)-C(2}-C(3) 120,40 (22) H(l 40)-C(l4)-H(l4I) 113,83 (36) C( l 8)-N( l 7)-C(26) 117,61 (03) 
C(2)-C(J)-H(300) 119,47 (23) H(l40)-C(14)-H(l42) 108,47 (36) N( I 7}-C(26)-H(260) 121,28 (25) 
H(300)-C(3)-C(4) 120,36 (23) H(l41)-C(14)-H(l42) 104,70(36) N(l 7)-C(26}-H(26 I) 107,47 (27) 
C(3}-C(4}-N(7) 121.26 (03) N(I 5)-C(l6)-N(l7) 117,40(03) N(l7}-C(26}-H(262} 112,32 (25) 
C(4}-N(7)-H(700) 122,65 (26) C(l 6)-N( 17)-C( 18) 126,34 (03} H(260}-C(26}-H{26 I) 97,71 {36) 
H(700)-N(7}-H(70 I} 111,06 (37) N(I 7)-C( 18}-C{ 19) 112,19 (03) H(260}-C(26)-H(262) 99,07 (35} 
C(4)-N(7)-H(70I) 118,48 (26} C( 18)-C( I 9)-C(20) 123,51 (03) H(26 I )-C(26}-H(262) 118,83 (36) 
N(7}-C(4)-C(S) 119,61 (03) C(l 9)-C(20)-N(l 5) 120,87 (03) N(l 7}-C( 16)-0(25) 121.76(03) 
C(4}-C(5)-H(SOO) 1111,88 (22) C(20}-N(I 5)-C(l 6) 119,65 (03) 0(2S)-C(J6}-N{l5) 120.84(03) 
H(500)-C(5)-C(6) 119.62 (22) N(21)-C(20)-C(19) 112,17(03) C( 16}-N( I 5}-C(24) 119,82 (03) 
C(S)-C(6}-H(600) 117,99 (22) C(20)-C(l 9)-N(23) 106,14 (03) N( I 5)-C(24)-H(240) 116,41 (26) 
H(600)-C(6}-C( I) 122,14 (22) C(I 9)-N(23}-C(22) 105,67 (03) N05}-C(24)-H(24 I) 107,68(27) 
C(6)-C(l)-S(8) 118,97 (02} N(23)-C(22)-N(2 I) 111,99 (03) N(I 5)-C(24}-H(242} 108,42 (27) 
C(I }-S(8}-0(9} 108,69 (01} C(22)-N(2 l )-C(20) 104,02 (03) H(240}-C(24}-H(24 I} 109,04 (38) 
C(l)-S(S)-0(10} 108,93 (01) N(2 I )-C(20)-C( 19) 112,17(03) H(240}-C(24)-H(242) 106,71 (37) 
0( I 0}-S(8)-O(9) 119,18 (01) N(2 l)-C(22)-H(220) 123,87 (24) H(24 I )-C(24}-H(242) 108,35 (38) 
C(l)-S(8}-N(I I) 106,26 (01) H(220)-C(22)-N(23) 124,14 (24) C(24}-N( 15)-C(20) 120,07(03) 
0(9)-S(8}-N( 11) 103,23 (01) C(22}-N(23)-C(28} 124,62 (03) N( I 5}-C(20}-N(21) 126.96 (03} 
0(l0}-S(8}-N(I I) 109,76(01) N(23)-C(28)-H(280) 106,18(24) C(6)-C( l)-C{2) 120,25 (03) 
S(8}-N(l 1)-H(I 10) 117,11 (24) N(23}-C(28)-H(28I) 102,39 (28) C(26}-N( 17}-C( 16) I IS,\15 (03) 
S(S}-N(l l}-C(I 2) 124,87 {02) N(23}-C(28)-H(282) IIS,18 (28) 
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1458 STRUCnJRE CRJSTALUNE DU COMPLEXE l: I SULFACETAMIDE-CAFEJNE 

Tableau 5. Distances (A) et angles (0 ) lnteratomlques Tableau 6. Plans moyens d'atomes 
pour quelques su(fanilamldes et pour la cqfeine 

hydratee Plan I: (0,9694)X + (0,0993) Y + (0,2246)2 = 1.5554 

Configuration moyenne de sulfanilamides (Alleaume, 1967) 

C(l)-C(2) 1,381 C(l)-C(2)-C(3) 120,7 
C(2)-C(3) 1,382 C(2)-C(J)-C(4) 120,2 
C(3)-C(4) 1,399 C(3)-C(4)-C(.S) 118,0 
C(4)-N(7) 1.380 C(4)-C(.S}-C(6) 120,0 
C(4)-C(5) 1.399 C(.S)-C(6}-C(I) 120,7 
C(S)-C(6) 1,382 C(6)-C(l)-C(2) 120,0 
C(6)-C(I) IJ8I C(2}-C(l)-S(8) 119,8 
C(l)-S(8). 1,75 I C(6}-C(l}-S(8) 119,8 
S(S)-0(9) . 1,442 C(l}-S(B)-0(9) 107,3 
S(S)-0(10) 1,442 C(l)-S{B)-0(10) 107.J 
S(B)-N(l 1) 1,635 C(l)-S(B)-N(I I) 109,8 

0(9)-S(B)-N(I I) 106.8 
O(10)-S(B)-N(I I) 106,8 
0(9)-S(B)-O(10) 118,3 
C(3}-C(4)-N(7) 120,9 
C(S)-C( 4 )-N{7) 120.9 

Configuration de la cafeinc hydratec (Sutor, 1958) 

N(l5)-C(l6) 1,35 C(20}-N(l 5}-C(l 6) 122,B 
C(l6)-N(l7) 1,42 N(I S}-C(l6)-:N07) 112,9 
N(I 7)-C(IB) · 1,36 C(l 6)-N(l 7)-C(l 8) 127,6 
C(l8)-C(l9) 1,44 N(l 7}-C(l8}-C(l 9) 115,8 
C(l9)-C(20) 1.32 C( 18}-C( 19)-C(20) 119.9 
C(20)-N(2 I) 1,31 C(l 9}-C(20)-N(l5) 121,4 
N(2 I )-C(22) 1,34 C(l9)-C(20)-N(21) 110,9 
C(22)-N(23) 1,32 C(20}-N(21}-C(22) 105,7 
N(23)-C(l 9) 1.41 N(2 I }-C(22}-N(23) 112,3 
N(l5)-C(20) 1,42 C(22}-N(23}-C( 19) l03.4 
N(I 5)-C(24) 1,50 N(23}-C( 19}-C(20) 107,2 
C( I 6 )-0(25) 1,19 C(20)-N(l5}-C{24) 119.2 
N(l7)-C(26) 1,48 C(24)-N(l5)-C{l6) 117,9 
C(l 8)-0(27) 1,26 N( I 5)-C( 16}-0(2.5) 124,1 
N(2 3 )-C(28) 1,47 C(l6)-N(l 7)-C(26) 112,0 

C(26}-N( 17)-C( 18) 120,3 
N( 17}-C( 18)-0(27) 118,4 
C(l9}-C(18)-0(27) 126.4 
C(l9)-N(23}-C(28) 128.7 
C(22)-N(23)-:-:C(28) 127,S 

Discussion et conclusion 

Les resultats obtenus montrent que la formation du 
complexe en phase solide est assuree par deux liaisons 
hydrogene. D'autre part, soit C .la cafeine et S ia sul­
facetamide, les associations dans le cristal sont du type 
S · · · C · · · S ' et C · · · S · . · C '. 

Ces associations sont comparables a celles trouvees 
par Craven & Gartland ( 1970) pour le complexe 2: I 
barbital-cafeine. Dans ce cas cependant, la cafeine 
n'est liee aux chaines de barbital que par une seule 
liaison hydrogene et par deux contacts de van der 
Waals a 3,16 et 3,35 A. 

Le complexe I: l sulfacetamidCH:afeine subsistant 
en solution (Alberola, 1976), une i:tude par spectro­
scopic IR .a ete entreprise pour tenter de preciser si la 
liaison hydrogene qui demeure est du type NH .. • O ou 
du type NH·· · N. 

Atomcs dcllnissant le plan 

C( I) 0.001 A C(J) -0,007 A 
C(2) 0,006 C(4) 0,002 

Autres atomes 

N(7) -0,011 A 
S(B) 0,020 
0(11) -0,559 

0(10) -o,509 A 
N(I I) 1,604 
C(l2) 2.554 

C(.5) 0,005 A 
C(6) -0,006 

003) 2,311A 
C(l4) 3,919 

Plan 2: (0,9353)X + (0.3090)Y + (0,1724)2 = 2,2453 

Atomes dclinissant le plan 

C(l6) 0,006 A C(l9) 0,005 A 
N(l 7) -0,004 C{20) -0,005 

Autrcs atomes 

C(IB) 0,008 A 
N(IS) 0.024 
N(2 I) -0,043 
C(22) -0,074 

N(23) -0,055 A 
C(24) -0,105 
0(25) 0,015 

C(26) -0,113 A 
0(27) 0,001 
C(28) -0,077 

Plan 3:(-0.4361)X + (0.6786)Y + (0.5910)2 = 4,1020 

Atomcs definissant le plan 

S(I) N(II) C(l2) 

r ., 

.c..-
• A&Olf 

• 0111inc 

Fig. 2. Projection de la structure sur le plan ( 100}. 
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Fig. 3. Projection de la structure sur le plan (010). 

Tableau 7. Liaisons hydrogene et de van der Waals 

Code de symetrie 

(i} ~ t 
(ii) X y 
(iii) X l 
(iv) i+I y 

Liaisons hydrogenc 

0(2~) .. · N(71) . 
O(2S') · · · H(700') 
Q(gi). · · N(7iii) 
O(gi) · · · H(701m) 
N(I 11): • • N(2 l iv) 
H(l 111) · • • N(21 1

•) 

z 
i-1 
z + I 
z 

2,965 A 
2,075 
3,015 
2,135 
2,867 
1,922 

Liaisons de van der Waals 

C(S~-C( 19°) 3,456 A 
N( 1_51)-N('r'}. 3,470 
C(4'.)-N(23'_~1) 3,443 
C(4');-C(22VI")._ 3,496 
C(l6')-C(WW) 3,476 

(v) :c l z- 2 
(vi) X y+½ z + ¼ 
(vii) i+ I t+¼ ~-¼ 
(viii) x+I JI z- I 

0(25;), · · H(700)-N(7? 164,06° 

0(9~-. · H(701;")-N(7~ 168,33 

N(I 1;)-H(I UY)··· N{2l;') 176,99 

C(l4i)-N(2 I;') 3,472 A 
C(26~-0(2~') 3,412 
O(IQ'.)-C(2"') .. 3,348 
0( l 3')-C(22'") 3,225 
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SPECIFICATION 

1. Title of the Invention 
Complexes of Crown Ethers and Sulfonamides 

2. Claims 
(1) Complexes of 18-crown-6 and sulfonamides. 

(2) Complexes as described in Claim (1) in which the 
sulfonamide is sulfamonomethoxine or sulfamethoxazole. 

3. Detailed Description of the Invention 
Crown ethers, and 18-crown-6 in particular have a large 

cyclic structure and have the property of forming stable complexes 
with various types of metal salts and ammonium salts as guest 
molecules. ii is knows that crown ethers form complexes with 
some organic compounds. In this case, the organic compounds 
are limited exclusively to aliphatic amines and hydrochlorides 
thereof [Journal of American Chemical Society,~ 7017 (1967)). 

The inventors conducted research on complexes of 
organic medicinal drug products and crown ethers and perfected 
this invention by discovering that a series of sulfonamides forms 
stable complexes with 18-crown-6. 

5-1 Hon-machi 2-chome, Nihonbashi, Chuo-ku, 
Tokyo-to 

(74) Agent: Koichi Sasaki, Patent Attorney 

Continued on last page 

Specifically, the present invention relates to complexes 
of 18-crown-6 and sulfonamides. Here, 18-crown-6 signifies 
a,1,4,7,10,13,16-hexaoxacyclooctadecane, which is indicated by 
the following formula. 

0 
Further, the sulfonamides are p-aminobenzenesulfonic 

acid amides or a series of their derivatives, and, in the present 
invention, include, for example, the following compounds, which 
are useful as medicinal drugs: Sulfamethoxine, 
sulfamonomethoxine, sulfadimethoxine, sulfamethoxazole, 
sulfamethizole, sulfamine, acetosulfamine, sulfaguanidine, 
sulfathiazole, sulfadiazine, sulfamerazine, sulfamethazine, 
sulfaisomidine, sulfaisoxazole, sulfamethoxypyridazine, 
sulfaphenazole. 

The following tables show comparisons of changes over 
time in plasma concentrations of sulfamonomethoxine when a 
complex of the present invention (sulfamonomethxine/18-crown-6 
complex) and when sulfamonomethoxine hydrate were 
administered orally to Beagle dogs (see the test method described 
subsequently). 
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Table I. Changes Over Time in Plasma Concentrations of 
Unchanged 

Sulfamonomelhoxine 
Changes over time in plasma concentrations 

Test material iua/ml] 
1 hr 2 hr 4 hr 6 hr 8 hr. 12 hr 24 hr 

Sulfamonomethoxine 26.0 31.8 33.9 39.6 45.1 46.8 27.9 
/18-crown-6 complex ±7.6 ±7.3 ±5.6 ±5.5 ±9.8 ±13 ±9.2 
Sulfamonomethoxine 0.153 18.8 31.9 33.6 35.2 34.5 20.3 

hvdrate ±0.12 ±7.1 ±10· ±10 ±12 ±10 ±6.6 

Table IL Changes Over Time In Plasma Concentrations of 
Total Sulfamonomethoxine 

Changes over time in plasma 

Test material concentrations 'ua/ml) 
12 24 1 hr 2 hr 4 hr 6 hr 8 hr hr hr 

Sulfamonomethoxine/18-
28.0 33.7 37.6 40.6 44.9 49.4 29.5 

crown-6 complex 
±7.5 ±7.1 ±5.7 ±4.2 ±9.7 ±13 ±9.2 

Sulfamonomethoxine 
0.540 19.3 33.9 34.3 35.0 35.6 20.9 

hydrate 
+0.36 ±7.0 ±10 +10 ±9.9 ±10 ±6.8 

The physical stability of the complex is also good. The 
stability of complexes of the present invention in benzene and 
chloroform obtained in the working examples to be described 
subsequenHy or by methods based on them are shown in the 
following table. 

Table Ill 

Sulfonamide Stabilitv constant (M·l) 
In benzene In chloroform 

Sulfamethoxine 34.30 20.52 
Sulfamonomethoxine 165.97 14.11 
Sulfamethoxazole - 10.00 
Sulfaphenazole 41.95 6.68 
Sulfamelhoxypyridazine 29,71 10.60 
Sulfadimethoxine 50.38 10.52 
Sulfamethizole - 11.21 
Sulfaisoxazole 80.37 13.35 
Sulfaisomidine - 5.44 
Sulfamerazine . 22.38 
Sulfathiazole - 21.08 
Sulfanilamide . 48.54 

The complexes of the present invention are stable not 
only in benzene and chloroform as described above but also in 
other inorganic solvents such as, - for example, carbon 
tetrachloride and cyclohexane, and, as required, can be isolated 
from these solvents as solids. 

Complexes of the present invention that have been 
isolated as solids can be administered in unaltered form or can be 
prepared as suitable solid preparations or semi-solid preparations. 
Tablets, powders and capsule preparations are suitable as solid 
preparations. Preparation of these solid preparations can be 
performed as necessary by standard methods in which lubricants, 
excipienls, binders and disintegrating agents such as magnesium 

2 
stearate, talc, silicon oxide, starch, lactose, calcium 
hydrogenphosphate, crystalline cellulose, gum arabic, methyl 
cellulose, polyvinyl pyrrolidone, gelatin, and carboxymethyl 
cellulose calcium. Preparation of semi-solid preparations, as 
necessary, can be performed by standard methods by adding 
cellulose derivatives such as, for example, Metrose SM (brand 
name), carboxymethyl cellulose sodium, for example, Celogen F­
SB (brand name), hydroxypropyl cellulose, hydroxypropylmethyl 
cellulose, polyvinyl pyrrolidone, and polyvinyl alcohol; oils and fats 
such as peanut butter oil, coconut oil, Olive oil, soybean oil, 
rapeseed oil, cottonseed oil, sesame oil, com oil, rice-bran oil, 
camellia oil, cacao oil, lard, wool fat and beef tallow, substances 
obtained by modifying them by hydrogenation, acetylation and 
cleavage extraction, and aqueous or oleaginous preparations of 
esters of fatty aids of 6 to 30 carbon atoms and alcohols of 2 to 8 
carbons atoms, for example isopropyl myrislate (for example, 
IPM®(EX) manufactured by Nikko Chemicals). 

By means of this invention, complexes of various types 
of sulfonamides and 18-crown-6 can be manufactured as follows. 

They can be manufactured by stirring equimolar or 
excess quantities of 18-crown-6 relative lo the sulfonamide in a 
nonpolar solvent and al room temperatures or lower. The 
nonpolar solvents that can be used include, for example, benzene, 
chloroform, carbon tetrachloride and cyclohexane. In executing 
this method, the sulfonamide is dissolved in the nonpolar solvent, 
after which 18-crown-6 is added and the mixture is stirred or both 
the sulfonamide and the 18-crown-6 are stirred in the nonpolar 

· solvent. 

The quantity of 18-crown-6 used relative to the 
sulfonamide is usually an equimolar quantity or a suitable amount 
greater than that. When 18-crown-6 is used in an excess quantity, 
for example, more than 20 times the number of moles, a decrease 
in yield is brought about and complexes of high purity can be 
obtained. 

In order to gather the complex that is produced, the solid 
substance that is precipitated may be filled, suitably washed and 
desiccated. 

Test Method 
Six beagle dogs (male; body weights, approximately, 10 

Kg) were divided al random in two groups and administration 
experiments were performed by cross-over tests. 
Sulfamonomexine/18-crown-6 complex or sulfamonomethoxine 
hydrate were administered to 3 animals in each group, and, after 1 
week, the test materials were switched and the same test was 
performed. The test materials, which were powders, were 
packaged using two wafers and were administered orally. The 
doses of the test materials were 319.3 mg of sulfamonomethoxine 
hydrate and 499.2 mg of complex. The beagle dogs were fasted 
for 24 hours before execution and for 12 hours after execution. 

3 ml of blood was collected from the forepaw at 1, 2, 4, 
6, 8, 12 and 24 hours after administration. II was centrifuged 
immediately, the plasma was collected and the blood was frozen 
and stored at-10°C. 
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The concentrations of unchanged sulfamonomelhoxine 
and total sulfamonomelhoxine in the plasma were measured 
quantitatively by the modified Bratton-Marshall method. The 
details of these quantitative determination methods are shown in 
the figures below. 

Quantitative Measurement Method of Unchanged Sulfamonomethoxine in 
Plasma 

Pl o be tested, 0.5 rij 
+-water, 5 ml 

~....1--.c.-=~~-·acelic acid solution, 2 ml 

+- 4N hydrochloric acid solution, 0.5 ml 
~.....:....-"----':..:=;....;;.;;.,· ium nitrite solution, 0.25 ml 

~4--;......c;~.;._;;_;;, solution, 0.3 ml 
r 10 minute 
+- 0.2% Tsuda reagent, 0.2 ml 

~landing for 5 lo 30 minutes\ 
,!. 

Measurement of absorbance al 545 m~ 

Quantitative Measurement Method of Total 
Sulfamonomethoxine in Plasma 

to be tested, 0.5 m 
+- 0.05% saponin solution, 5 ml 
+- 15% trichloroacetic acid solution, 2 ml 

entrifu ation, 10 minute 

1,3m 
4N rochloride solution, 0.5 ml 
°C for 45 minute 

~-"---'___;:;.:..c..;;..=.:.c::....;olution, 0.3 ml 

+- 0.2% Tsuda reagent, 0.2 ml 
~landing for 5 to 30 minute~ .· 

.J, 
!Measurement of absorbance at 545 m~ 

Next we shall further describe the method of 
manufacture of the complexes of this invention by presenting 
working examples. 

Working Example 1 
Complex of sulfamonomethoxine and 18-crown-6 

600 ml of benzene was added to 40 mg of 
sulfamonomelhoxine and 632 mg of 18-crown-6 and the mixture 
was stirred vigorously for 24 hours at 10°c. The solution was 
filtered, 888 mg of 18-crown-6 was added to the filtrate and the 
mixture was shaken for 72 hours at 10°C. The fine crystals that 
precipitated were washed thoroughly using benzene, after which 
they were dried under decreased pressure. 

3 
Working Example 2 

Complex of sulfamonomethoxine and 18-crown-6 

100 ml of benzene was added to 4 mg of 
sulfamonomelhoxine and 66 g of 18-crown-6 and the mixture was 
shaken for 10 days al 10°C. During this period, ii was stirred 
vigorously for approximately 1 hour each day. After 10 days, the 
complex that was formed was filtered and washed with benzene, 
after which it was dried under reduced pressure. 

Working Example 3 
Complex of sulfamelhoxazole and 18-crown-6 

200 ml of benzene was added lo 20 mg of 
sulfamethoxazole and the mixture was stirred for 24 hours at 
10°C. The solution was filtered, 65.27 mg of 1.-8-crown-6 was 
added lo the filtrate and the mixture was shaken for 72 hours at 
10°C. The fine crystals that precipitated were filtered and 
thoroughly washed using benzene, after which they were dried 
under decreased pressure. 

Working Example 4 
Complex of sulfamethoxazole and 18-crown-6 

100 ml of benzene was added lo 5 g of 
sulfamethoxazole and 6.52 g of 18-crown-6 and the mixture was 
shaken for 10 days at 10°c. During this period, it was stirred 
vigorously 1 hour each day. After 10 days, the complex that 
formed was washed using benzene, after which ii was dried under 
decreased pressure. 

Working Example 5 
Complex of sulfamelhoxypyridazine and 18-crown-6 

28.0 mg of sulfamelhoxypyridazine and 652.7 mg of 18-
crown-6 were used and 28.0 mg of sulfamethoxypyridazine and 
105.3 mg of 18-crown-6 were used and were dissolved, 
respectively, in chloroform and heavy chloroform to make 
precisely 10 ml. 

4. Brief Explanation of the Figures 

Figure 1 and Figure 2, respectively, show comparisons 
of the infrared absorption spectrum of sulfamonomelhoxine-18-
crown-6 complex (indicated in the figure as (a)) and that of a 
physical mixture of sulfamonomethoxine and 18-crown-6 
(indicated in the figure as (b)), which is a differential scanning 
thermogram. 

Figure 3 through Figure 5, respectively, show the 
infrared absorption curves of sulfamonomelhoxine-18-crown-6 
complex (Figure 3), sulfamelhoxazole (Figure 4) and -18-crown-6 
(Figure 5). 

Figure 6 and Figure 7, respectively, show comparisons 
of the infrared absorption spectrum of sulfamethoxazole-18-
crown-6 complex (indicated in the figure as (a)) and that of a 
physical mixture of sulfamethoxazole and 18-crown-6 (indicated in 
the figure as (b)), which is a differential scanning lhermogram 
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(temperature elevation rate, 8°/minute and an X-ray diffraction 
pattern). 
[NOTE: The final close parenthesis is missing and is assumed by 
the translator. ) 

Figure 8 shows comparisons of partial infrared 
absorption spectra of complexes of sulfamethoxypyridazine-18-
crown-6 (in the figure, (a)-1 indicating a mixture ratio of 0,01 mol : 
0.01 mol and (a)-2 indicating a mixture ratio of 0.01 mol : 0.02 
mol) in the vicinity of 3400 cm-1 and in the vicinity of 1100 cm-1, 
with that sulfamethoxypyridazine alone (in the figure, indicated by 
(c))and that of 18-crown-6 alone ( in the figure indicated by (b)). 

Figure 9 through Figure 12 show the nuclear magnetic 
resonance spectra of two types of sulfamethoxpyridazine-18-
crown-6 complexes (two types of compounding ratios of 
sulfamethoxpyridazine and 18-crown-6 of 0.01 mol to 0.04 mol 
(Figure 9) and 0.01 mol to 0.02 mol (Figure 10)), of 18-crown-6 
alone (Figure 11) and of sulfamethoxypyridazine (Figure 12). 

Agent Koichi Sasaki 

4 
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Figure 9 
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Confinued from page 1 
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l665PTIT 
SUMMARY OF INVENTION WITH PRINCIPAL DRAWINGS, DESCRIPTION, AND CLAIMS 
APPLICATION NUMBER: ( Ml 98A002290 ) RecorclA 

PATENT NUMBER: 

B. TrrLE: 

Filing Date: [1/26/1998 ) 
Issuing Date: I ) 

[Industrial Process for Purifying 2'. 3'-Didehydro-3'-Deoxythymidine 

L. SUMMARY 

[Stamped inscription]: 

Amended Description 
(Article 49, Presidential Decree No. 338/1979) 

Petition Filed on 

November 11, 1998 

This invention describes a new industrial process for purifying 2'. 3'-didehydro-3'-deoxythymidine (d4T; slavudine). This process 

is characterized by formation of solvates with N, N-dimethylacetamide and by a subsequent desolvation reaction whereby pure 

stavudine is obtained. 

M. DRAWING 
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Application for a manufacturing patent entitled: 

"Industrial Process for Purifying 2', 3'-Didehydro-3'-Deoxythymidine" 

on behalf of: INDUSTRIALE CHIMICA, S.r.l., 

whose main office is located in: MILAN [stamp] 

Designated inventors: MARIACRISTINA FOCHI, ALBERTO SALA 

Filed on as Number 

Ml 9 8 A O O 2 2 9 0 

4 

[Stamped inscription]: OCTOBER 26, 1998 

FIELD OF THE INVENTION 

The present invention pertains to the field of synthesizing antiviral products and especially 

didehydro-dideoxynucleoside derivatives. The invention describes a process for purifying 2', 3'­

didehydro-3'-deoxythymidine (stavudine), which is an antiviral compound which is useful for 

treating infections caused by the HIV virus. 

PRIOR ART 

Stavudine (2', 3'-didehydro-3'-deoxythymidine) is a thymidine derivative with antiviral action. This 

product was · recently approved for treating acquired immunodeficiency syndrome (AIDS), 

especially among patients who are intolerant or refractory to other antiviral therapies (Drugs 

Future, 1994, 19(10), 925-932; New Products Intros., Drug Persp., 1994, 7(7), 402). 

In consideration of the substantial pharmaceutical significance of this molecule, there are many 

studies whose purpose is to identify an efficient method of preparing it. 

Various methods of synthesis have been identified with thymidine as a point of departure, for 

example: 

- Opening the ring within a 3'5'-anhydrous intermediate substance [J.P. Horwitz et al., J. Org. 

Chem., 32, 817 (1967)]; 

2 
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- f3-elimination of a 3'-selenoxide molecule [J. Vial et al.,Nucleosides & Nucleotides, 9, 245 

(1990)]; 

- Reductive f3-elimination of an 0 2
, 3'-cyclic nucleoside [B.V. Joshi et al., J. Chem. Soc., Perkin 

. . 

Trans. 1, 2537 (1992); 

- Basic f3-elimination by means of a 3'-mesylate [Horwitz et al., J. AM. Chem. Soc., 86, 1896 

(1964)]. 

A critical point in preparing stavudine consists of purification of the product, which is normally 

obtained in a crude form upon completion of existing synthesis processes. The purification 

processes which are ordinarily used, such as chromatography, crystallization, resin treatments, 

etc., are not highly satisfactory in terms of yields or applicability on an industrial scale. Isolating 

the product by means of DMSO under intensively basic conditions and at high temperatures 

results in decomposition of the product (Horwitz et al., op. cit.). 

In consideration of the previously cited limitations of existing technology, the need for a stavudine 

purification process which is easily and efficiently applicable on an industrial scale has been 

recognized. 

SUMMARY 

The present invention describes a new industdal process for purifying 2', 3'-didehydro-3'­

deoxythymidine (d4T; stavudine). The process is characterized by formation of solvates with 

N,N-dimethylacetamide and by a subsequent desolvation reaction, whereby pure stavudine shall 

be obtained. 

DESCRIPTION OF DRAWINGS: 

A) Figure 1: Synthesizing stavudine 

1) /3-thymidine 

2) 5'-0-Benzoilthymidine 

3) 5'-0-Benzoil-3'-0-methanesulfonylthymidine 

4) 2', 3'-Didehydro-3'-deoxythymidine 
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DETAILED DESCRIPTION OF THE INVENTION 

The present invention describes a new industrial process for purifying crude 2', 3'-didehydro-3'­

deoxythymidine (d4T; stavudine). 

The process according to the present invention can .be used in any situation where obtaining 

pure stavudine from the respective crude product may be necessary. In particular, it can be 

applied to any synthesis process resulting in formation of crude stavudine. It can also be used 

as an alternative for previously described existing procedures for purifying this product. Certain 

examples of these processes have been cited heretofore during the analysis of prior art. 

According to a preferred version, the present process is applicable to synthesfs of stavudine as 

described within the accompanying application which was filed on October 26, 1998 on behalf of 

the Applicant. This application is included herein for reference. Synthesis of this kind includes 

treatment of a 5'-0-benzoyl-3'-alkylsulfonyl-thimidine or a 5'-O-benzoyl-3'-O-arylsulfonyl­

thymidine, with formation of stavudine in a single stag~. 

The preferred derivatives for the synthesis in this form are 5'-O-benzoyl-3'-O-mesyl-thymidine or 

5'-O-benzoyl-3'-O-tosyl-thymidine. 

The base used for this type of synthesis can be a single compound, or it can advantageously 

consist of a pair of derivatives of a basic nature, preferably (i) sodium or potassium t-butylate, 

and (ii) sodium methylate. 

The diagram for this synthesis reaction appears within Figure 1. 

The purification process to which the present invention pertains is characterized by formation of 

a solvate with N, N-dimethylacetamide (OMA) and by the subsequent purification-desolvation 

reaction. 

For the purpose of forming a solvate, stavudine is placed within an excessive portion of OMA 

(from 2 to 10 volumetric units of OMA per gram of stavudine). The solution must undergo stirring 

at ambient temperature for a period varying between 30 minutes and two hours, and it must then 

4 
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undergo dilution with a suitable amount of solvent at ambient temperature. Solvents which are 

suitable for precipitating a solvate from stavudine especially include ethers, ketones, and 

hydrocarbons. Favorable results have been obtained with use of ethyl ether and isopropyl ether. 

In order to complete precipitation of the solvate, it may be necessary to allow cooling to 0° C. 

The solvate which is obtained in this manner contains from 0.5 to 1 moles of DMA per mole of 

stavudine, and it unexpectedly offers optimal stability. Indeed, the stability of the solvate is 

sufficient to allow easy isolation and eventual purification. Moreover, its stability is not 

excessively high, so that obtaining of pure stavudirie by desolvation within appropriate solvents is 

therefore possible, without being obliged to introduce drastic conditions (high temperatures, long 

periods of time, etc.) which may be detrimental to stavudine's own purity and stability. 

DMA offers the additional advantage of being characterized by low costs and of ensuring high 

yields of the purified product. 

The solvate obtained in this manner can be easily desolvated by treatment with appropriate 

solvents, so that purified free stavudine can be obtained. It is possible for ketone solvents 

(acetone, for example), esters (isopropyl acetate, butyl acetate, etc.), and alcohols (for example, 

isopropanol) to be used, with heating to a temperature between 20° C. and 50° C. 

Another form of purification of the solvate consists of dissolving it, which may possibly be 

facilitated by heating it slightly within DMA, with subsequent reprecipitation by means·of suitable 

solvents such as the previously cited solvents. 

When necessary, the previously described purification cycle can be repeated for a second time. 

At this point, the present invention shall be described in terms of the following nonrestrictive 

examples. 
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Experimental Section 

Example 1: 

5'-0-Benzoylthymidine 

Notarbartolo & Gervasi, S.p.A. 8 

A solution of thymidine (180 g) in pyridine (1,800 ml) must be cooled to 0° C. - 5° C., and it must 

be gradually treated with benz:oyl chloride (121.3 g). · Upon completion of addition of the latter 

substance, the solution is warmed to ambient temperature, and stirring must occur for three 

days. Most of the pyridine undergoes evaporation under vacuum conditions, and the resulting 

solution is then poured into water and ice, while vigorous stirring occurs. The suspension must 

be stirred for two hours, and the solid portion must be filtered and suitably rinsed with water, 

before being dried under vacuum conditions. The solid which is obtained then undergoes 

purification in toluene (2,500 ml). The toluene suspension must undergo stirring at 100° C. for 30 

minutes, with cooling to 60° C. before being filtered and rinsed inside the filter with heated 

toluene. If necessary, the purification phase should be repeated another time. 5'-O-benzoyl­

thymidine can be recovered with an 84% yield. 

Example 2: 

5'-0-benzoyl-3 '-methanesulfonyl-thymidine 

A solution of 5'-O-benzoyl-thymidine (210 g) in pyridine (1,000 ml), which must be cooled to a 

temperature of less than 10° C., and it must be treated drop by drop with mesyl chloride (83.2 g). 

Upon completion of addition of the latter substance, the solution is heated to 20° C., and it must 

undergo stirring for four hours. Evaporation of pyridine is performed under vacuum conditions, 

and it is dissolved again with water (900 ml) and methylene chloride (1,800 ml). The organic 

phase then undergoes filtration and cooling at 0° C. - 5° C. Formation of a precipitate occurs, 

and this precipitate must be filtered and rinsed with cold methylene chloride. After drying, 5'-O­

benzoyl-3'-O-methanesulfonyl-thymidine is obtained with a 93% yield. 

6 
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Example 3: 

2', 3'-didehydro-3'-deoxythymidine {Synthesis) 

Notarbartolo & Gervasi, S.p.A. 9 

A solution of 5'-O-benzoyl-3'-O-methanesulfonyl-thymidine (255 g) in N, N-dimethylformamide 

(1,200 ml) must be treated at a temperature of 20° C. with portions of potassium t-butylate (202 

g). Upon completion of addition of the latter substance, stirring is performed at ambient 

temperature for four hours. The suspension which is obtained is then poured into cold toluene 

(5,500 ml). Stirring at room temperature is performed for 30 minutes, and the gummy solid which 

is obtained is redissolved until complete dissolution in water (700 ml) occurs. The toluene phase 

must then be separated. The aqueous solution is then cooled to a temperature of less than 15° 

C., and it must be neutralized with concentrated hydrochloric acid before undergoing evaporation 

under vacuum conditions at approximately 30° C. - 35° C. Traces of water can be removed by 

treating the remaining product with butanol and by evaporation under vacuum conditions until 

drying occurs. The remaining product is then extracted with portions of acetone (total of 2,000 

ml). The solution must then be treated with carbon, filtered, and evaporated under vacuum 

conditions, with crude 2'., 3'-didehydro-3'-deoxythymidine being obtained. 

Example 4: 

2', 3'-didehydro-3'-deoxythymidine (synthesis with a pair of bases) 

A solution of 5'-O-benzoyl-3'-O-methanesulfonyl-thymidine (255 g) in N,N-dimethylformamide 

(900 ml) and tetrahydrofurane (900 ml) is treated at a temperature of 20° C. with portions of 

potassium t-butylate (169 g). Upon completion of addition of the latter substance, stirring is 

performed at ambient temperature for one hour, and subsequently, the solution is treated by 

portions of sodium methylate (25 g). Stirring is continued at ambient temperature for one hour. 

The suspension which is obtained must then be poured into cold toluene (5,500 ml). Stirring is 

· performed at ambient temperature for 30 minutes,· and the gummy solid which is obtained is 

filtered. It is then added to water (700 ml) until complete dissolution occurs. The toluene phase 

must be separated. The aqueous solution must be cooled to a temperature of less than 15° C., 
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and it must be neutralized with concentrated hydrochloric acid before undergoing vacuum 

evaporation at approximately 30° C. - 35 ° C. Traces of water are removed by treating the 

remaining product with butanol and by performing evaporation under vacuum conditions until 

drying occurs. The remaining product is extracted with acetone according to portions (total of 

2,000 ml). The solution is then treated with carbon, filtered, and evaporated under vacuum 

conditions, until crude 2', 3'-didehydro-3'-deoxythymidine is obtained. 

Example 5: 

2', 3'-dldehydro-3'-deoxythymidine (purification) 

Crude 2', 3'-didehydro-3'-deoxythymidine (obtained according to Example 3} is treated at 

ambient temperature with N, N-dimethylacetamide (OMA, 500 ml) (For obtaining complete 

dissolution, it is necessary to apply heat for several minutes at 40° C.). The solution is stirred at 

ambient temperature for 30 minutes, and it is then treated with isopropyl ether (1,100 ml). The 

solid substance which is obtained must be stirred for two hours while it is cool, and it must be 

filtered. 

'H-NMIR analysis of a sample after drying reveals formation of a solvate by 2', 3'-didehydro-3'­

·deoxythymidine and DMA with a molar ratio of 1/0.75: · 

'H-NMR (DMSO, ppm): 11.27 (s, 1 H), 7 .62 (s, 1 H), 6.37 (d, 1 H), 5.89 (d, 1 H), 4.97 (m, 1 H), 4. 76 

(m, 1 H), 3.59 (m, 2H), 2.93 (s,2.3H), 2. 76 (s, 2.3H), 1.94 (s, 2.3H), 1. 71 (s, 3H). 

The solid substance is then suspended in OMA (170 ml) and is treated with isopropyl ether (250 

ml) at ambient temperature, with stirring for one hour. After filtration, it must be dissolved in 

isopropanol (700 ml) under heat, and it must be treated with carbon and filtered. lsopropanol 

must then be concentrated under vacuum conditions (removal of approximately 400 ml of the 

solvent), and the solution must be cooled. After filtration and drying, 2',3'-didehydro-3'­

deoxythymidine can be isolated with a yield of more than 40% (computed by means of crude 5'-

0-benzoyl-3'-0-methanesulfonyl-thymidine) and with an HPLC purity of 99.1 %. 
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The structure of this substance can be confirmed by means of 'H-NMR analyses (DMSO, ppm): 

11.27 (s, 1H), 7.62 (s, 1H), 6.80 (m, 1H), 6.37 (d, 1H), 5.89 (d, 1H), 4.97 (m, 1H), 4.76 (m, 1H), 

3.59 (m, 2H), 1.71 (s, 3H). 

Example 6: 

2', 3'-didehydro-3'-deoxythymidine (purification) 

Crude 2', 3'-didehydro-3'-deoxythymidine (50% of the amount obtained within Example 4) is 

treated at ambient temperature with N,N-dimethylacetamide (OMA, 250 ml) (For obtaining 

complete dissolution, it is necessary to apply heat for several minutes at 40° C.). The solution is 

stirred at ambient temperature for 30 minutes, and it is then treated with isopropyl ether (550 ml). 

The solid substance which is obtained must be stirred for two hours while it is cool, and it must 

be filtered. 

Analysis of a sample with 'H-NMR after drying reveals formation of a solvate by 2', 3'-didehydro-

3'-deoxythymidine and OMA with a molar ratio of 1/0.75 (Data consistent with the data provided 

within Example 5). 

The solid substance is then dissolved in DMA (85 ml) and is heated to 40° C., and it is treated 

with isopropyl ether (125 ml) at ambient temperature, while being stirred for one hour. 

lsopropanol must then be con~ntrated under vacuu~ conditions (removal cif approximately 200 

ml of the solvent), and the solution must be cooled. After filtration and drying, 2',3'-didehydro-3'­

deoxythymidine can be isolated with a yield of more than 50% (computed by means of crude 5'­

O-benzoyl-3'-O-methanesulfonyl-thymidine) and with an HPLC purity of 99.0%. 

'H-NMR analysis has confirmed the structure of stavudine (data consistent with that which was 

provided in Example 5). 
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Example 7 

Notarbartolo & Gervasi, S.p.A. 

2', 3'-didehydro-3'-deoxythymidine (stavudine); purification with: 

(a) N,N-diethylformamide 

12 

Crude 2', 3'-didehydro-3'-deoxythymidine (1 g) is treated at ambient temperature with N, N­

diethylformamide (2ml) (In order to obtain complete dissolution, heating for several minutes at 

approximately 50° C. is necessary). The solution must then be stirred at ambient temperature for 

30 minutes, and it must subsequently be treated with isopropyl ether (5 ml). An oil which is 

gradually transformed into a gummy solid is gradually separated at ambient temperature. After 

filtration and drying, 0.45 g of partially purified stavudine (yellow solid) (TLC eluent: methylene 

chloride- methanol-9-1) is obtained. Analysis with 'H-NMR demonstrates the presence of mere 

traces of N, N-diethylformamide, and isolation of a solvate form can therefore be excluded. 

(b) N, N-diethylacetamide 

Crude 2', 3'-didehydro-3'-deoxythymidine (1 g) is treated at ambient temperature with N, N­

diethylformamide (2ml) (In order to obtain complete dissolution, heating for several minutes at 

approximately 50° C. is necessary). The solution must then be stirred at ambient temperature for 

30 minutes, and it must subsequently be treated with isopropyl ether (5 ml). An oil which is 

gradually transformed into a gummy solid is gradually separated at ambient temperature. After 

filtration and drying, 0.60 g of partially purified stavudine (yellow solid) (TLC eluent: methylene 

chloride- methanol-9-1) is obtained. Analysis with 'H-NMR demonstrates the presence of mere 

traces of N, N-diethylformamide, and isolation of a .solvate form can therefore be excluded. 

c) N-methylpropionamide: 

Crude 2', 3'-didehydro-3'-deoxythymidine (1 g) is treated at ambient temperature with N, N­

methylpropionamide (2ml) (In order to obtain complete dissolution, heating for several minutes at 

approximately 50° C. is necessary). The solution must then be stirred at ambient temperature for 

30 minutes, and it must subsequently be treated with isopropyl ether (5 ml). A dense oil which is 

10 
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gradually transformed into a gummy solid is gradually separated at ambient temperature. After 

filtration and drying, 0.65 g of partially purified stavudine (whitish solid) (TLC eluent: methylene 

chloride- methanol-9-1) is obtained. Analysis with 'H-NMR demonstrates the presence of mere 

traces of N, N-methylpropionamide and isolation of a solvate form can therefore be excluded. 

Example 7 demonstrates that oils or gummy solids which are obtained by the reaction between 

stavudine and primary or secondary amines other than OMA only contain modest proportions of 

the solvent, thereby confirming the fact that a solvate does not form or is at least unstable. 

The stavudine which was obtained in Example 7 with amides other than OMA possessed 

unacceptable quality in terms of purity and crystalline properties. 

11 
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CLAIMS 

1. A process for purifying 2', 3'-didehydro-3'-deoxythymidine (stavudine) characterized by 

the fact that said process includes salvation of stavudine by a reaction with N, N­

dimethylacetamide (DMA) and subsequent desolvation of the solvate which is obtained. 

2. A process according to Claim Number 1, where the solvate which is obtained contains 

(DMA) and stavudine in molar ratios situated between 0. 5: 1 and 1: 1. 

3. A process according to Claim Number 1, where desolvation is accomplished by treating 

solvates at temperatures situated between 20° C. and 50° C. within solvents selected 

among amides, ethers, ketones, esters, and alcohols. 

4. A process according to Claim Number 3, where the solvent used for desolvation is 

selected among butyl acetate, isopropanol, and acetone. 

5. A process according to Claim Number 1, where the stavudine which is to be purified has 

been obtained by means of a process which includes treatment of 5'-O-benzoyl-3'-O­

alkylsulfonylthymidine or 5'-O-benzoyl-3'-O-alkylsulfonylthymidine in the presence of a 

base, with stavudine being formed during a single stage. 

6. An N, N-dimethylacetamide (DMA)/stavudine solvate with molar ratios situated between 

0.5:1 and 1:1. 

7. A solvate according to Claim -Number 6,. where the molar ratio between N,N-

dimethylacetamide (DMA) and stavudine is equivalent to 0. 75: 1. 

(GER/pd) 

[initials] 

Milan, October 26, 1998 

On behalf of INDUSTRIALE CH/MICA, S.r.l. 

Agent: 

[Signature] 
Dr. Gemma Gervasi 

NOTARBARTOLO & GERVASI, S.p.A. 

[Signature] [Illegible seal] [Illegible signature] 
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[Illegible signature] 

Key: 

{ (Pyridine) 

Key: 

{ (Pyridine) 

[illegible signature] 

[illegible Seal] 
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[Seal] MINISTRY OF INDUSTRY, COMMERCE, AND CRAFTS 

Office for Development of Production.and Competitive Capability [Stamped inscription]: 
ITAL/AN PATENT AND TRADEMARK BUREAU Patent M,...1._V_. ~ 

COPY OF STATEMENT CONCERNING FILING OF PETITIONS AND DOCUMENTS 1002640 

In the year 1998, on the eleventh day of the month of November, 

the company known as INDUSTRIA CHIMICA, s.r.l,.. 

whose main office is located in Milan, 

whose agents are: Dr. Diego Pallini (Registration Number 484), 

and whose designated address for legal purposes is Corso di Porta Vittoria 9, 

at the offices of Notarbartolo & Gen>asi, S.p.A. in Milan, 

- subsequentto an application for a PATENT, which was _filed in Milan, on Odober 26, 1998, according to 

Protocol Number MI98A002290, 

filed the subsequently indicated documents with this Office: 

1. PETITION FOR CORRECTION AND INCLUSION 

2. PAGE 4, ANNOTATION 

3. PAGE 4, EX NOVO 

4. 

s. 

[Seal]: Ministry of Industry, Commerce, and Crafts 
. Province of Milan Office for Industry, Commerce, 

APPLICANT: 

[Signature] 

For copy identical to the original. 

and Crafts, Patent Bureau 

"It is specified that, for an application of this kind and for 
accompanying duties for stamps shall be waived in 
accordance with Bulletin Number 163/83 issued by the 
Patent Bureau, and subsequent amendments thereto, 
subject lo possible additional duties which may be 
requested by said Bureau within the context of approval." 

ISSUING OFFICIAL: 

[Signature] 
Giuseppe Rescafi 

On behalf of the Director: 

(Pier Daniele Melegari) 

[Illegible signature] 

Dr. M. Colosimo 
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Italian Patent and Trademark Bureau 

Application for a Manufacturing Patent whose title is: 
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[Duty stamp with 

seal superimposed] 

"Industrial Process for Purifying 2', 3'-Didehydro-3'-Deoxythymidine" 

on behalf of: INDUSTRIALE CHIMICA, S.r.l. 

whose main office is located in MILAN. 

Filed on OCTOBER 26, 1998, with the number Ml98A002290. 

* * * .,, * 

[Stamped inscription]: 

PATENT MI-V. 

1002s4@ 

PETITION FOR CORRECTION AND INCLUSION 

On the basis of Article 49 of Presidential Decree Number 338, which was issued on June 22, 

1979, the undersigned company, INDUSTRIALE CHIMICA, S.r.l., whose main office is located in 

Milan, is requesting through its Agent, Dr. Diego Pallini (Registration Number 484), who is 

affiliated with NOTARBARTOLO & GERVASI, S.p.A., of Corso di Porta Vittoria 9, in Milan, which 

has been designated as a legal address for all legal purposes, that permission should be granted 

for providing the following correction, as indicated hereinafter. 

NOTE 1, Page 4, Line 21, after the expression "likewise pending," insertion of "Number 

Ml98A002289." 

Milan, November 11, 1998. 

On behalf of INDUSTRIALE CHIMICA, S.r.l 
· Provincial Office for Industry, 

Agent: 

[Signature] 

Dr. Diego Pallini 

[stamped inscription] 

Commerce, and Crafts. 

!November 11, 1998! 

Milan 

[Seal] Ministry of Industry, Commerce, and Crafts 

NOTARBARTOLO & GERVASI, S.p.A. Province of Milan Office for Industry, 
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... obtaining pure stavudine. 

DESCRIPTION OF DRAWINGS 

A) Figure 1: Synthesizing stavudine 

1) /3-thymidine 

2) 5'-0-Benzoylthymidine 

3) 5'-0-Benzoyl-3'-0-methanesulfonylthymidine [Stamped inscription]: 
4) 2', 3'-Didehydro-3'-deoxythymidine 

DETAILED DESCRIPTION OF THE INVENTION 

PATENT MI-V. 

~0264~ 

The present invention describes a new industrial process for purifying crude 

2', 3'-didehydro-3'-deoxythymidine (d4T; stavudine). 

The process to which the present invention pertains is usable under any 

circumstances where obtaining pure stavudine from the respective crude 

product is intended. . In particular, this method may be applied to any 

synthesis process which may result in formation of crude stavudine; it can 

also be used as an alternative to existing purification processes which have 

been described for this product Some examples of these processes have 

been cited heretofore in analyzing prior art. 

According to a preferred version, the present process is applicable to 

synthesis of stavudine, ~s described within concurrel"ltly pending Application 

Number Ml98A002289, which was filed on behalf of the Applicant on October 

26, 1998, and is included herein for reference. This form of synthesis 

includes treatment of 5'-O-benzoyl-3'-O-alkylsulfonylthymidine, or 5'-O­

benzoyl-3'-O-arylsulfonylthymidine in the presence of a base, with formation 

of stavudine occurring in a single stage. 

[Stamped inscription]: November 11, 1998. Milan. 

[Seal]: Ministry of Industry, Commerce, and Crafts 

Province of Milan Office for Industry, Commerce, 
and Crafts, Patent Bureau 
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MINISTERO DELL'INDUSTRIA DEL COMMERCIO E DELL'ARTIGIANATO 
DIREZIONE GENERALE PER LO SVILUPPO PRODUTTIVO E LA COMPETITIVITA' 

UFFICIO ITAUANO BREVETTI E MARCHI 

BREVETTO PER INVENZIONE INDUSTRIALE 

cfi:3032s1 

II presents brevetto viene concesso per l'invenzione oggetto della domanda sotto specfficata: 

num. anno U.P.I.CA. data pres. r::Jass/fica domanda · domanda 

002290 1998 MILANO 26/10/1998 C07H019 

TITOLARE INDUSTRIALE CHIMICA S.R.L. A MILANO 

RAPPR.TE GERVASI GEMMA 

INDIRIZZO NOTARBARTOLO & GERVASI S. P.A. 
C.SO DI PORTA VITTORIA, 9 
20122 MILANO 

TITOLO PROCESSO INDUSTRIALE PER LA PURIFICAZIONE DI 
2', 3'- OIDEIDR0-3 1

- OEOSSITIMIDINA. 

INVENTORE FOCHI MARIACRISTINA 
SALA ALBERTO 

_Roma, 6 NOVEMBRE 2000 IL OIRETTORE DELLA DIV. XIX 
. . GIOVANNA MORELLI . 
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l.665PTIT 

AL MINISTERO DELL'INDUSTRIA DEL COMMERCIO EDELL' ARTIGIANATO rno 
UFFICIO ITALIANO BREVETTI E MARCHI • ROMA 
DOMANOA DI BREVETTO PER INVENZIONE INDUSTRIALE, OEPOSITO RISERVE, ANTICIPATA ACCESSIBILITA AL PUBBLICO 

A. RICHIEDEHTE 111 

u Denomlnazione 

2) Denomlnw,ne 

Residenza 

INDUSTRIALE CHIMICA S.r.l. 

B. RAPPRESENTANTE DEL RlCHIEDEIITT PRESSO l 'U.I.B.1'11. 

cognomc nome I Dr. ssa Gemma Gervasi ed al. tri 
denomlnazione sludio di appar1enenza Notarbartolo & Gervasi S. p.A. 

codlce 

cod. liscale 

via I C.so di Porta. Vittoria In~ ci1tal .__ --'Mi"'"ccl"'an=o'--______ _, 

C. OOMICILIO ElETTIVO dosllnatarlo 

I I I 

I I I I I I I I 1 I I I I I 

cap?Ol22i (pmvi ~ 

via .___ _______________ ____, n. LJ...u.J cltt~ .__ __________ __, cap I I I I I I (prov) W 

D. TITOLD classe pmposta (sez/cl/scl) ~ gruppo/sol!ogruppo l.J....LJ / Li....w..J 
Processo :i,n.dustrial.e per l.a purificazione di 2 1

1 3'-didefdro-3 1-deossi.timidina. 

ANTICIPATA ACCESSIBILITA AL PUBBLICO: SI LJ NO LJ 
E. llffillTORI DESlGYATI cognome nome 

SE !STANZA: DATA Wi WI W N' PROTOCDLLOI ~ ~~~~ 
cognome nome 

11 1 FOCHI MARIACRISTINA I ~l .__ ___________________ __, 

2) ... 1 _S_AL_A_ALB __ E_RT_0 ___________ __,1 d) '------------------------' 

F. PRICRITA 

1) 

2) 

nazlone o organlzzaZione 

NESSUNA 
llpo di prlorlla . numero di domantla data di deposllo 

anegato 
SIR 

WIWllLLLJ U 

WIW/lLLLJ U 

SCIOGLIMENTO RISERVE 
Oata N' Protocoflo 

w,w,w,1._._......._.._._._, 
w,w,w,1 

G. CENTRO ABILITATO DI RACCOLTA COLTURE DI ffllCRDRGANISMI, d!lnomlnazlona~------------------------~ 

H. AIIIIOTAZIDIII SPECIAL! 

NESSUNA 

DOCUMENTAZIOIIE ALLEGATA SCIOGUMENTO RISERVE 
N. es. Dala N" Protocollo 

Ooc .. H gJ IPAO\I I n. pag. 1M rlassunto con dlsegno prlnclpale. descrizlone e rlvendlcazloni (obbligatorio 1 esemplare).. .. WI WI WI ,_I-'-'--'-'-'--'-' 

Doc.2) @ I PROV I n. lav. LIU dlsegno (obbDgalOdo se cltalo In descrlzione. 1 esamplare) ............................................... Wi WI Wi ,_I ....... ~~~ 

0oc.3) f.Jl [][] lellera d'lncarico, p,ocura o rilerimenlo procure generale .................... :............................. WI WI W / ._I ....... _._'-'-......., 

Doc. 4) L9 
Doc. SJ QJ 

Doc. 6) QJ 

O!O designaZi011a lnvenlore ................................................................................................... WI WI WI ._I .._..,__._J.-L_,_, 

0!1:LI documenli di priorilil con tradulione In itaUano .......................... : ..................................... . can!ronla singole prlorlla 

w,w,w,~1 ~~~~ [][] autorlzzaz!one o allo di cesslone .................................................................................... . 

Doc. 7) QJ nomlnatlvo complelo del rlcf1fedenle 

8) attestau d, versamento, 101a1e nre I Trecentosessantacinguemila. = obbUgalorio 

COMPII.ATO IL 1591 !.QJ1 ~ FIAMA DEi.ii) RJ&lll£DENTE(IJ 

COllTlllUA SI/NO lIDJ 
DEL PRESElm ATTO SI RlCHIEOE COPIA AUTEIITlCA SI/NO l§!l 

OFFICIO PROVIIICIALE IND. COMM. ABT. DI ._I ---,
1
=~an,.,,

0
.-,-.-;:.;;:;-;:;-;;:-,.-,;:---------------------..ll todlce = 

NUMERO OI DOMANDA I MI 9 8 7 AQO 2 2 9 0 VERBAL£ DI DEPOSITO 

L·annn mmenovecento I NOV ANT OTTO I. u Ille""' 1 
U{i) richledenll!{i) sopralndlcato(l) ha(hanno) presenl.llo a me solloscrfllo la presente domanda, conedala ell n. 

I. AIIIIOTAZIDNI VARI£ DELL'UFACIALE ROGAIITE 

Umbro 
cl•ll'Ufficlo 

I Reg. A. 

VENTISEI I delmese di I OTTOBRE 
· 00 
W logll aggiunllvl per la concessione d!I breveuo S(lprarlporlalo. 
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RIASSUJ\STO INVENZIO"i,E,S::~~?'NO PRIN.9eALE, 9fSCRIZIONE E RIVENDICAZIONE "?/ /_ J("jrJ Q., 
NUMERo oOMANDA I nl :tM oa L 2-'t o I REG. A DATA 01 aerosrro ~ ~ 
NUW.ERO BllMTTO DATA Ill RJLASCI) W / W / l.Lu.J 

D. TITDLD 

1 Processo industriale per la purificazione di 2' ,3'-dideidro-3'-deossitimidina. 

I I 

I ~scrlzione modiflcota I 

I ti.rt. 49 D.P.R. n. S38Ji979) I 

lstnnia dep. II 

L. RlASSUflTD J,lf),{/ Bi 
-

Questa invenzione descrive un nuovo processo industriale per la purificazione del-
la 2 1

1 3'-dideidro-3'-deossitimidina (d4T; stavudina) • Il processo e caratterizzato 
dalla formazione di solvati con N,N-dimetilacetammide e dalla successiva reazione 
di desolvatazione, con l'ottenimento di stavudina·pura • 

. •: . 
.. 

M. DISEGNO 

UM00012250 

NOVARTIS EXHIBIT 1517 
Novartis v. Regents, IPR2023-01347 

Page 996 of 4460



, 1665 PTIT Notarbartolo & Gervasi S.p.A.J,. 

Domanda di brevetto per invenzione industriale dal titolo: 

"Processo industriale per la purificazione di 2',3'-dideidro-3'­

deossitimidina" 

a nome di INDUSTRIALE CHIMICA S.r.l. 

con sede in MILANO Ml 9 8 A O O 2 2_9 0 

lnventori designati: FOCH! MARIACRISTINA, SALA ALBERTO 

depositata ii conn. 

CAMPO DELL'INVENZIONE 2 6 OTT.1998 

La presente invenzione riguarda ii campo della sintesi dei prodotti 

antivirali, ed in particolare dei derivati dideidro-dideossinucleosidici. 

L'invenzione descrive un processo per la purificazione della 2',3'­

dideidro-3'-deossitimidina (stavudina), un composto antivirale utile per ii 

trattamento delle infezioni da virus HIV. 

TECNICA ANTERIORE 

La stavudina (2',3'-dideidro-3'-deossitimidina) e un derivate della timidina 

ad azione antivirale. Questa prodotto e state recentemente approvato 

per ii trattamento della sindrome da immunodeficienza acquisita (AIDS), 

in particolare in quei pazienti che sono intolleranti a refrattari ad altre 

terapie antivir.ali (Drugs Future, 1994, 19(10), 925-932; New Products 

Intros., Drug Persp., 1994, 7(7), 402). 

Considerate l'elevato interesse farmaceutico di questa molecola, molti 

sono gli studi diretti a trovare un metodo efficiente per la sua 

preparazione. 

Partendo dalla timidina sono state individuate vane vie sintetiche, quali 
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ad esempio: 

- apertura di anello di un intermedio 3',5'-anidro [J.P. Horwitz et al., J. 

Org. Chem., 32, 817 (1967)]; 

_- p-eliminazione di un 3'-selenossido [J. Vial et al., Nucleosides & 

Nucleotides, 9, 245 (1990)]; 

- p-eliminazione riduttiva di un nucleoside 0 2,3'-ciclico [B.V. Joshi et al., 

J. Chem. Soc. Perkin Trans.1, 2537 (1992)]: 

- p-eliminazione base assistita di un 3'-mesilato e [Horwitz et al., J. Am. 

Chem. Soc., 86, 1896 (1964 ). 

Un punto critico nella preparazione della stavudina e costituito dalla 

purificazione del prodotto, che normalmente viene ottenuto in forma 

grezza al termine dei processi di sintesi noti; I processi di purificazione 

comunemente usati quali cromatografia, cristallizzazione, trattamento 

con resine, ecc. risultano .poco soddlsfacenti sul piano delle rese e della 

applicabilita su scala industriale. l'isolamento del prodotto da DMSO in 

condizioni fortemente basiche e ad elevate temperature porta alla 

decomposizione del prodotto (Horwitz et al., op.cit} 

In vista delle suddette limitazioni della tecnica n_ota, risulta sentita la 

necessita di un processo di purificazione della stavudina che sia 

effettuabile facilmente ed efficientemente su scala industrials. 

SOMMARIO 

Questa invenzione descrive un nuovo processo industriale per la 

purificazione della 2',3'-dideidro-3'-deossitimidina (d4T; stavudina). II 

processo e caratterizzato dalla formazione di solvati con N,N­

dimetilacetammide e dalla succassiva reazione di desolvatazione, con 
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l'ottenimento di stavudina pura. 

DESCRIZIONE DELLE FIGURE 

(A) Figura 1: Sintesi di stavudina 

(1) p..timidina 

(2) 5'-0-Benzoiltimidina 

(3) 5'-0-Benzoil-3 '-0-metansolfoniltimidina 

(4) 2:3'-Dideidro-3'-deossitimidina 

Notarbartolo & Gervasi S.p.A' 

DESCRIZIONE DETT AGUA TA DELL'INVENZIONE 

La presente invenzione descrive un nuovo processo industriale per la 

purificazione della 2',3'-dideidro-3'-deossitimidina grezza (d4T; 

stavudina). 

II processo secondo la presente invenzione e utilizzabile in ogni 

circostanza si voglia ottenere stavudina pura a partire dal corrispondente 

prodotto grezzo. Puc ess~n=: in partioolare applicate a qualsiasi processo 

di sintesi che porti alla formazione di stavudina grezza; puo inoltre 

essere impiegato in altemativa ai procedimenti noti di purificazione 

descritti per tale prodotto. Alcuni esempi di tali processi sono stati citati 

precedentemente nell'analisi della tecnica anteriore. 

Secondo una realizzazione preferita, ii presente processo e applicabile 

alla sintesi della stavudina descritta nella domanda co-pendente 

depositata ii 26 ottobre 1998 a name della Richiedente, qui incorporata 

per rif~rimento. Tale sintesi comprende ii trattamento, in presenza di una 

base, di una 5'-0-benzoil-3'-0-alchllsolfonll~timid1na o di una 5'-0-

benzoil-3'-0-arilsolfonil-timidina, con formazione, in un solo stadia, di 

stavudina. 
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I derivati preferiti per questa sintesi sono la 5'-O-benzoil-3'-O-mesil-

timidina o la 5'-O-.benzoil-3'-O-tosil-timidina. 

La base uti!izzata in detta sintesi pu6 essere un unico composto o pu6 

vantaggiosamente essere costituita da una coppia di derivati di natura 

basica, preferibilmente (i) sodio o potassio t-butilato e (ii) sodio metilato .. 

Lo schema di questa reazione di sintesi e riportato·nella figura 1. 

II processo di purificazione oggetto della presente invenzione e 

caratterizzato dalla formazione di un solvato con N,N-

dimetilacetammide (OMA) e nella sua successiva reazione di 

purificazione-desolvatazione. 

Alie scope di formare ii solvato, la stavudina viene sciolta ad una 

temperatura compresa tra 20 e 40°C in un eccesso di OMA (da 2 a 1 0 

volumi di OMA per gramme di stavudina); la soluzione e agitata a 

temperatura ambients per un tempo variabile tra 30 minuti e 2 ore e 

diluita a temperatura ambiente con una opportuna quantita di solvente. 

Solventi adatti a precipitare ii solvato della stavudina sono soprattutto 

eteri, chetoni e idrocarburi. Buoni risultati sono stati ottenuti con l'uso di 

etere etilico e etere isopropilico. Per completare la precipitazione del 

solvato puo essere necessario raffreddare a 0°C. 

II solvato cosi ottenuto contiene da 0,5 ad 1 mole di OMA per mole di 

stavudina e presenta, inaspettatamente, una stabilita ottimale. La sua 

stabilita e infatti tale da permetterne facilmente l'isolamento e l'eventuale 

purificazione; d'altra parte la stessa stabilita non e troppo elevata, 

permettendo cosl l'ottenimento della stavudina pura mediante 

desolvatazione in opportuni salventi, senza dover ricorrere a condizioni 
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drastiche (temperature elevate, tempi lunghi, etc.) nocive alla purezza e 

alla stabilit~ della stavudina stessa. 

La OMA presenta l'ulteriore vantaggio di avere un basso costo e di 

garantire rese elevate di prodotto purificato. 

II solvato cos! ottenuto viene facilmente desolvatato per trattamento con 

opportuni solventi, ottenendo la stavudina libera purificata. Si utilizzano 

solventi chetonici (ad esempio acetone), esterel (isopropilacetato, 

butilacetato, etc.), alcolici (ad esempio isopropanolo), riscaldando ad 

una temperatura compresa tra 20 e 50°C. 

Un altro modo di purificazione del solvato e la sua dissoluzione, 

eventualmente facilitata da un leggero riscaldamento, nella stessa OMA 

e successiva riprecipitazione con gli opportuni solventi sopra citati. 

Quando necessario, ii ciclo di purificazione sopra descritto puO venire 

ripetuto una seconda volta. 

La presente invenzione viene ora descritta mediante i seguenti esempi 

non limitativi. 

Parte sperlmentale 

Esemplo 1 

5'-0-Benzoil-timldlna 

Una soluzione di timldina (180 g) in piridina (1800 ml) e raffreddata a 0-

50C e trattata lentamente con benzoil cloruro (121,3 g). Terminata 

l'aggiunta si porta a temperatura ambiente e si agita per 3 giorni. La 

maggior parte della piridina e evaporata sotto vuoto e la soluzione 

risultante e versata i_n . acqua e ghiaccio sotto vigorosa agitazione. La 

sospensione e agitata per 2 ore e ii solido e filtrate, lavato bene con 
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acqua e seccato sotto vuoto. II solido ottenuto e purificato in toluene 

(2500 ml). la SO!;lpensione toluenica e agitata a 1 00"C per 30 minuti, 

raffreddata a 60"C e filttata lavando sul filtro con toluene caldo. Se 

necessario, la fase di purificazione viene ripetuta una seconda volta. la 

5'-O-benzoil-timidina e recuperata con resa dell'84%. 

Esemplo 2 

5'-0-Benzoil-3'-0-metansolfonll-timldlna 

Una soluzione di 5'-O-benzoll-timldina (210 g) in piridina (1000 ml) 

raffreddata ad una temperatura inferiors a 10°c e trattata goccia a 

goccia con mesil cloruro (83,2 g). Terminata l'agglunta si porta a 20°C e 

si agita per 4 ore. Si evapora sotto vuoto la piridina, si riprende con 

acqua (900 ml) e metilene cloruro (1800 ml). La fase organica e filtrata e 

raffreddata a 0-5°C. Si ha formazione di precipitate che e filtrato e lavato 

con metilene cloruro freddo. Dopa essiccamento si ottiene 5'-O-benzoil-

3'-O-metansolfonil-timidina con resa del 93%. 

Esemplo 3· 

2 ',3 '-Dideidro-3 '-deossltlmidlna (slntesi) 

Una soluzione di 5'-O-benzoil-3'-O-metansolfonil-timidina (255 g) in N,N­

dimetilformammide (1200 ml) e trattata ad una temperatura di 20"C a 

porzioni con potassio t.butilato (202 g). Terminata l'aggiunta si agita a 

temperatura ambients per 4 ore. La sospensione ottenuta e versata in 

toluene freddo (5500 ml). Si agita a temperatura ambiente per 30 minuti 

e si filtra ii solido gommoso ottenuto che e ripreso fino a completa 

dissoluzione in acqua (700 ml). La fase toluenica e separata. la 

soluzione acquosa raffreddata ad una te.mperatura inferiore a 15°C, e 
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neutralizzata con acido cloridrico concentrate e quindi evaporata sotto 

vuoto a circa 30-35°C. Le tracce di acqua vengono eliminate 

riprendendo ii residua con butanolo ed evaporando a secco sotto vuoto. 

II residua e estratto con acetone a porzioni (in totale 2000 ml). La 

soluzione e trattata con carbone, filtrata ed evaporata sotto vuoto 

ottenendo la 2',3'-dideidro-3'-deossitimldina grezza. 

Esemplo4 

2',3'-Dldeldro-3'-deossltlmldlna (slntesl con coppla di bas/) 

Una soluzione di 5'-O-benzoil-3'-O-metansolfonil-timidina (255 g) in N,N­

dimetilformammide (900 ml) e tetraidrofurano (900 ml) e trattata ad una 

temperatura di 20°c · a porzioni con potassio t.butilato (169 g). 

Terminata l'aggiunta si agita a temperatura ambiente per 1 ora e, 

successivamente, si tratta a porzioni con metilato di sodio (25 g). Si 

agita sempre a temperature ambients, per 1 ora. La sospensione 

ottenuta e versata in toluene freddo (5500 ml). Si agita a temperatura 

ambients per 30 minuti e si filtra II solido gommoso ottenuto che e 

ripreso fino a complete dissoluzione in acqua (700 ml). La fase toluenica 

e separata. La soluzione acquosa raffreddata ad una temperatura 

inferiore a 15°C, e neutralizzata con acido cloridrico concentrate e quindi 

evaporata sotto vuoto a circa 30-35°C. Le tracce di acqua vengono 

eliminate riprendendo ii residua con butanolo ed evaporando a secco 

sotto vuoto. II residua e estratto con acetone a porzioni (in totale 2000 

ml). La soluzione e trattata con carbone, filtrata ed evaporata sotto vuoto 

ottenendo la 2',3'-dideidro-3'-deossitimidina grezza. 
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Esempio 5 

2',3'-Dldeldro-3'-deossltlmldina (purlficaziane) 

la 2',3'-dideidro-3'-deossitimidina grezza (ottenuta dall'esempio 3) e 

trattata a temperatura ambiente con N,N-dimetilacetammide (DMA, 500 

ml) (per ottenere completa dissoluzione e necessario scaldare alcuni 

minuti a 40°C). La soluzione e agitata a temperatura ambiente per 30 

minuti e quindi trattata con etere isopropilico (1100 ml). II solido ottenuto 

e agitate a freddo per 2 ore e filtrate. 

l'analisi mediante 1H-NMR di un camplone dopa essiccamento mostra 

la formazione di un solvato tra 2',3'-dideidro-3'-deossitimidina e DMA in 

rapporto molare 1/0,75. 

1H-NMR (DMSO, ppm): 11,27 (s, 1 H), 7 ,62 (s, 1 H), 6,80 {m, 1 H), 6,37 (d, 

1H}, 5,89 (d, 1H}, 4,97 (m, 1H), 4,76 (m, 1H), 3,59 (m, 2H), 2,93 (s, 

2,3H), 2,76 (s, 2,3H), 1,94 (s, 2,3H), 1,71 (s, 3H). 

II solido e quindi sospeso In DMA (170 ml), trattato a temperatura 

ambiente con etere isopropilico (250 ml) e agitate per 1 ora. Dopo 

filtrazione ii solido e sciolto a caldo in isopropanolo (700 ml), trattato con 

carbone e filtrate. L'isopropanolo e concentrate sotto vuoto (solvente 

eliminate circa 400 ml) e la soluzione e raffreddata. Dopa filtrazione e 

essiccamento si isola la 2',3'-dideidro-3'-deossitimidina con resa 

superiore al 40% (calcolata da 5'-O-benzoil-3'-O-metansolfonil-timidina 

grezza) econ purezza HPLC del 99,1%. 

la struttura e stata confermata mediante analisi 1H-NMR (DMSO, ppm): 

11,27 (s, 1 H), 7,62 (s, 1 H), 6,80 (m, 1 H}, 6,37 (d, 1 H}, 5,89 (d, 1 H), 4,97 

(m, 1 H), 4,76 (m, 1 H), 3,59 (m, 2H}, 1,71 (s, 3H). 
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Esempio 6 

2',3'-Dldeidro-3'-deossltimidina (puriflcazione) 

La 2',3'-dideidro-3'-deossitimidina grezza (50% di quanto ottenuto 

nell'esempio 4) e trattata a temperatura ambiente con N,N­

dimetilacetammide (OMA, 250 ml) (per ottenere completa dissoluzione e 

necessario scaldare alcuni minuti a 40°C). La soluzione e agitata a 

temperatura ambiente per 30 minuti e quindi trattata con etere 

isopropilico (550 ml). II solido ottenuto e agitate a freddo per 2 ore e 

filtrato. 

l'analisi mediante 1H-NMR di un campione dopo essiccamento mostra 

la formazione di un solvato tra 2',3'-dideidro-3'-deossitimidina e OMA in 

rapporto molare 1/0,75 (dati corrispondenti a quelli riportati nell'esempio 

5). 
. . . 

11 solido e quindi sciolto h~ ~MA (85 ml} riscaldando a 40°C, trattato a 

temperatura ambiente con etere isopropillco (125 ml) e agitate per 1 ora. 

Dopa filtrazione ii solido e sciolto a caldo In isopropanolo (350 ml), 

trattato con carbone e filtrate. L'isopropanolo e concentrate sotto vuoto 

(solvente eliminate circa 200 ml) e la soluzione e raffreddata. Dopo 

filtrazione e essiccamento si isola la 2',3'-dideidro-3'-deossitimidina con 

resa superiors al 50% (calcolata da 5'-O-benzoil-3'-O-metansolfonil­

timidina grezza) e con purezza HPLC del 99,0%. 

L'analisi 1H-NMR ha confermato la struttura della stavudina (dati 

corrispondenti a quem riportati nell'esempio 5). 

Esempio 7 

2', 3'-Dideidro-3'-deossitimidina (stavudina): purlficazione con: 
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a) N,N-dietilformammide 

La 2',3'-dideidro-3'-deossitimidina grezza (1 g) e trattata a temperatura 

ambiente con N,N-dietilformammide (2 ml) (per ottenere completa 

dissoluzione e necessario scaldare alcuni minuti a circa 50°c). La 

soluzione. e agitata a temperatura ambiente per 30 minuti e quindi 

trattata con etere isopropilico (5 ml). Si separa un olio che lentamente a 

temperatura ambiente si trasforma in un solido gommoso. Dopo 

filtrazione e essiccamento si ottengono 0,45 g di stavudina (solido giallo) 

solo parzialmente purificata (TLC eluente metilene cloruro-metanolo 9-

1 ). L'analisi mediante 1H-NMR mostra la presenza solo di tracce di N.N­

dietilformammide escludendo. di conseguenza l'isolamento di una forma 

solvata. 

b) N,N-dietilacetammide 

La 2',3'-dideidro-3'-deossitimidina grezza (1 g) e trattata a temperatura 

ambiente con N,N-Dietilacetammide (2 ml) (per ottenere completa 

dissoluzione e necessario scaldare alcuni minuti a circa 50°C). la 

soluzione e agitata a temperatura ambiente per 30 minuti e quindi 

trattata con etere isopropilico (5 ml). SI separa un olio che lentamente a 

temperatura ambiente si trasforma in un · solido gomm6so. Dopo 

filtrazione e esslccamento si ottengono 0,6 g di stavudina (solido giallo) 

solo parzialmente purificata (TLC eluente metilene cloruro- metanolo 9-

1 ). L'analisi mediante 1H-NMR mostra la presenza solo di tracce di N,N­

dietilacetammide escludendo di conseguenza l'isolamento di una forma 

solvata. 

c) N-metilpropionammide 
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La 2' ,3'-dideidro-3'-deossitimidina grezza (1 g) e trattata a temperatura 

ambiente con N-metilpropionammide (2 ml) (per ottenere completa 

dissoluzlone e necessario scaldare alcuni minuti a circa 50°C). la 

soluzione e agitata a temperatura amblente per 30 minuti e quindi 

trattata con etere isopropilico (5ml). Si separa un olio denso che 

lentamente a temperatura ambients si trasforma in un solido gommoso. 

Dopo filtrazione e essiccamente si ottengono 0,65 g di stavudina (solido 

biancastro) solo parzialmente purificata (TLC eluente metilene cloruro­

metanolo 9-1 ). l'analisi mediante 1H-NMR mostra la presenza solo di 

tracce di N-metilpropionammide escludendo di conseguenza 

l'isolamento di una forma solvata. 

L'esempio 7 mostra che gli oli o solidi gommosi ottenuti per reazione 

della stavudina con ammidi primarie o secondarie diverse dalla OMA 

contengono solo modeste proporzioni di solvente, a conferma del fatto 

che ii solvato non si forma o e comunque instabile. · 

La stavudina ottenuta nell'esempio 7 con ammidl diverse dalla OMA ha 

presentato una qualita non accE3ttabile per purezza e cristallinita. 
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RIVENDICAZIONI 

1. Processo pe~ la purificazione della 2',3'-dideidro-3'-deossitimidina 

(stavudina) caratterizzato dal comprendere la solvatazione della 

stavudina per reazione con N,N-dimetilacetammide (OMA), e la 

successiva desolvatazione del solvato ottenuto. 

2. II processo secondo la rivendicazione 1, dove ii solvato ottenuto 

contiene (OMA) e stavudina in rapporti molari compresi tra 0,5:1 e 

1 :1. 

3. II processo secondo la rivendicazione 1, dove la desalvatazione viene 

ottenuta per trattamento dei solvati a temperature comprese tra 20°C 

e 50°C in solventi scel_ti tra ammidi, eteri, chetoni, esteri, alcoli. 

4. II processo secondo la rivendicazione 3, dove ii solvente utilizzato per 

la desolvatazione e scelto tra butilacetato, isopropanolo, ed acetone. 

5. II processo secondo la rivendicazione 1, dove la stavudina da 

purificare e stata ottenuta mediante un processo che comprende ii 

trattamento, in presenza di una base, di· una 5'-O-benzoil-3'-O­

alchilsolfonil-timidina o di una 5'-O-benzoil-3'-O-arilsolfonil-timidina, 

con formazione, in un solo stadia, di stavudina. 

6. Salvato di N,N-dimetilacetammide (OMA) I stavudina in rapporti molari 

compresi tra 0,5:1 e 1 :1 

7. Salvato secondo la rivendicazione 6, dove ii rapporto molare N,N­

dimetilacetammide (OMA) / stavudina e pari a O. 75: 1 

(GER/pd) 

~· 
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Milano, Ii 26 Ottobre 1998 

· p. INDUSTRIALE CHIMICA S.r.l. 

II Mandatario 

/2 ~
, 

~ ""'3-

ssa Ge a Gervasi 

NOTARBARTOLO & GERVASI S.p.A. 
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.· MINISTERO DELL'INDUSTRIA OEL COMMERCIO E DELL' ARTIGIAHATO \0 0 2-6-40\ 
Ufficio Froyinciale lndustria Commercio e Artigianato orMilano 

. SBRY1Zl0 DEi BREVBTTI PER lHV1!N%10Nl, MODEL.l.1 B MA.RCHl 

COPIA ,DEL VERBALE DI DEPOSJTO DI ISTANZE E DOCUME~TI 

l'anno 1998 If gforno undici def mese di novembre 

fa Ditta INDUSTRIALE CHIMICA S.r.l. 

~ 

con sede 
In MILANO. 

~ 

a mezzo mandatari : Dr. Diego Pallini (albo n.- 484) 

ed elettlvamente domlclllato agll effetti di legge a MIiano - m C.so di Porta VittO[ria 9 

presso Notarbartolo & Gervasi S.p.A. 

f IN'VENZIONE 

• a seguito di domanda perl= depc;,s. a MIiano 

Protocollo n. MI98A002290 
< 

ha depos itato presso questo Ufflclo I sottoelencatl document! 

1 • !STANZA DI CORREZIONE ED INTEGRAZIONE 

2. PAG. 4 POSTILLATA 

2 • PAG. 4 EX NOVO 

4-

5-

IL DEPOSITANTE 

11 26.10.1998 con. 

Per c:opia conforme all'originale 

•SI precise che per tale domanda e aliegall l'lm· 
posta di bollo e stata assolta conformemente a Ila 
clrcclare n° 163/ 83 c:lell'U.C.B. e succ. ni,.jif., 
con riservca di eventual! lntegrazioni che saranno 
dallo stesso rlchiesle In J:'ltf" tfl r.nn""'""'""D • 

· ~-. Il Diret.tor~ /'. 

/~%~ 
l!,o · ~i;imo 
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· MIN~STERO DEt{;-,' INDUSTRIA, COMMERCIO E ARTIGIANATO 

Ufficio Italiano Brevetti e:.Marchi ROMA 

Domanda di Brevetto per lnvenzione lndustriale dal titolo: 

"Processo industriale per la purificazione di 2',3'-dideidro-3'­

deossitimidina" 

a name: INDUSTRIALE CHIMICA S.r.l. 

con sede in MILANO 

depositata ii 26.10.1998 con ii n. Ml98A002290 

***** 

ISTANZA DI CORREZIONE ED INTEGRAZIONE 

-------8-•·~--- ·-

In base all'art. 49 del D.P.R. 22 Giugno 1979, N. 338, la sottoscritta 

INDUSTRIALE CHIMICA S.r.l., di nazionalita italiana, con sede in 

MILANO, a mezzo Mandatario Dr. Diego Pallini (alba N. 484) della 

NOTARBARTOLO & GERVASI S.p.A., C.so di Porta Vittoria, 9 Milano, 

presso cui ha eletto domicilio a tutti gli effetti di legge, chiede che le 

venga concesso di apportare la seguente correzione qui di seguito 

specificata. 

POSTILLA 1 - Pagina 4 - riga 21, dopa la parola "co-pendente" inserire 

"No. Ml98A002289" 

Milano, Ii 11 Novembre 1998 

p. INDUSTRIALE CHIMICA S.r.l. 

. IIMandoc • 
~linl 

NOTARBARTOLO & GERVASI S.p.A. · 
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l'ottenimento di stavu_dina pura. 

DESCRIZIONE DELLE Ff.GURE 

(A) Figura 1: Sintesi di stavudina 

(1) /3-timidina 

(2) 5'-0-Benzoiltimidina 

(3) 5'-0-Benzoil-3'-0-metansolfoniltimidina 

( 4) 2', 3'-Dideidro-3'-deossitimidina 

Notarbartolo & Gervasi S.p.A. 

DESCRIZIONE DETT AGLIATA DELL'INVENZIONE 

La presente invenzione descrive un nuovo processo industriale per la 

purificazione dell a 2' ,3'-dideidro-3'-deossitimidina grezza ( d4 T; 

stavudina). · 

II processo secondo la presente invenzione e utilizzabile in ogni 

circostanza si voglia ottenere stavudina pura a partire dal corrispondente 

prodotto grezzo. Puo esse_re_ in particolare applicate a qualsiasi processo 

di sintesi che porti alla formazione di stavudina grezza; puo inoltre 

essere impiegato in alternativa ai procedimenti noti di purificazione 

descritti per tale prodotto. Alcuni esempi di tali processi sono stati citati 

precedentemente nell'analisi della tecnica anteriore. 

Secondo una realizzazione preferita, ii presente processo e applicabile 

alla sintesi · della stavudin·a . descritta riella domanda co-pendente No. 

Ml98A002289 depositata ii 26 ottobre 1998 a nome della Richiedente, 

qui incorporata per riferimento. Tale sintesi comprende ii trattamento, in 
~ .: 

i ! 

presenza di una base, di una 5'-O-benzoil-3'-O-alchilsolfonil-timidina o ~i.r!·' : ' ,: •., ' 

una 5'-0-benzoll-3'-0-arilsolfonil-timld Ina, con fonnazione, in un .) J 11 
NO V · -~-~~ . 

( MILANO , -· 
stadia, di stavudina. 

4 (Jal 
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Translated from French 

THE FRENCH REPUBLIC 

MINISTRY OF COMMERCE AND INDUSTRY 

PATENT AND TRADEMARK OFFICE 

PATENT 
Group 141 Category 1 Number 769,586 

Method of Preparing Derivatives ofOxypyridine and Aminopyridine Combinations 

The company known as: CHEMISCHE FABRJK VON HEYDEN Aktiengesellschaft, which is registered in 
Gennany. 

Application filed on March 5, 1934, at 1:05 P.M., in Paris. 
Issued on June 11, 1934. Published on August 28, 1934. 

. . 

(Patent application filed in Gennany on March 31, 1933. Applicant's statement.) 

It has been observed that oxypyridine 
and aminopyridine combinations tend to 
combine as molecular combinations with 
substituted barbituric acids. Derivatives 
obtained in this manner form specific crystalline 
combinations whose physical properties 
essentially distinguish them from the · raw 
materials which are used in each instance. 

Derivatives of this kind are obtained 
from oxypyridine and aminopyridine 
combinations when the latter combinations are 
blended, for example, in order to yield an 
amount corresponding to 2 molecules for l or 2 
molecules of a substituted barbituric acid. It is 
also possible, however, to cause the 
aforementioned components to act upon one 
another within solvents and to obtain molecular 
combinations by crystallization or evaporation, 
or to produce reactions between salts of 
barbituric acids and salts of the previously cited 
pyridine combinations. 

Example I: 2, 3 parts 4-oxy-5-
nitropyridine and 3 parts diethylbarbituric acid 

. are dissolved in 60 parts of water according to 
volume, while being heated. As a result of 
cooling, a combination which melts at 245° is 
separated by crystallization, and, for 1 mole of 
CsH12O3N2, it contains I mole ofC5H403N2. 

Example 2: I part diethylbarbituric acid 
and 2 parts 2-ethoxy-5-acetaminopyridine are 
melted at 140°. After solidification of the clear 
melted mass, crystallization is obtained in water 
or benzene. The combination obtained in this 
manner melts at 112°-1 15°, and it contains 2 
moles of C9H12O2N2 for l mole of C8H 12O3N2, 

Example 3: 12 parts N-methyl-a­
pyridone are added to a suspension consisting of 
16 parts diethylbarbituric acid in 90 parts of 
heated benzene according to volume. As a result 
of stirring, a solution is promptly obtained. The 
combination, which is separated by 
crystallization during cooling, melts at 
approximately 120°, and it consists of the 
respective raw materials in a I : I ratio. 

Example 4: 17 parts 
phenylethylbarbituric acid are intensively mixed 
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with 8 parts N-methyl-cx-pyridone, and 
solidification occurs extremely quickly, with 
heat being released .. After cooling, the product 
is powdered, and it is mixed with ether. Then it 
is filtered with a tube and is allowed to dry. In 
this way, it is possible to obtain a combination 
which melts at approximately 122° and contains 
I mole C6H1ON for I mole ofC12H 12O3N2. 

Example 5: 20 parts diethylbarbituric 
acid and 25 parts a-aminopyridine are dissolved 
in l 00 parts of 20% alcohol by volume while 
being heated. After cooling, the crystals which 
are separated are filtered with a tube. Then 
rinsing with 20% alcohol and drying take place. 
It is possible to clean these crystals by 
dissolving them in ether and by precipitation 
with petroleum ether. The crystals then melt at 
82°-85°. This combination contains 2 moles of 
CsH6N2 for I mole of C8H12O3N2• 

2 

SUMMARY 

The present invention pertains to: 
I. A method of preparing derivatives 

of oxypyridine and aminopyridine 
combinations, characterized by the 
fact that said oxypyridine and 
aminopyridine combinations are 
caused to act upon substituted 
barbituric acids. 

2. Methods of applying the process 
identified within I, whereby: 
a) The components are melted at 

an increased temperature. 
b) The components are caused to 

act upon one another within a 
solution or a suspension. 

c) A double reaction is produced 
between salts of the 
aforementioned components. 

The company known as: CHEMISCHE FABRIK 
VON HEYDEN Aktiengesellschaft, which is 
registered in Germany. 

By power of attorney: 
Societe DONY et ARM ENG AUD aine. 
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REPU DI.IQ UE FJlANQAI SE, 

MINISTERE DU COMMERCE ET DE L'INDUSTRH~. 

DrRECTION DE LA PROPRIETE INDUSTRIELLE. 

BREVET. D'INVENTION. 
Gr. i4. - Cl. i. N° 769.586 

Procllde de preparation de derives de oombinaisons oxy- et aminopyri-
diques. · 

Societe dite : CHEMISCHE FABRIK VON HEYDEN Aktiengesellsebnrt residnnt en Allemap,ne. 

Demande la 5 mars 193.i:., a 13:ti. 5m, a Paris. 
Delivre le 11 juin 1934. - Public le 28 aout 1934. 

( llemande de brevet de11osre en !llem11gne le 3 1 mars t 933. - Declaration d11 doposanl.) 

Il a etc constate que des combinaisons 
oxy- et umiuopyrirliqu<'s out ternlau<'e ii se 
rcunir en combh1ni:1m1:-. rnulrenlairc:- awe 
Jes aci<les barhitnriq11Ps ~11hstitu6s. Ics <le-

5 riircs ninsi obtenu;; constituent de, eombinai­
sons cristaUisees determinePs, qui SC distin­
guent escntieBeuwnt, tlan,; letn·s prnp1·iet6s 
physiques, des maticl"Cil pre111ier1•,-: emplo:'·cei, 
dans chaquc cas. 

1 o On ohtieut <le:i derives dP c·r g:r•nrr (le 
combinaisons ox:_1,·- <•t aminopy1·idiqucs: en 
fondant .Par excmple t'cs demii:r0s dam 1111c 
quantite corres11011tlant ii. 2 uwli>cmlr& pain l 
ou 2 molcrulrs d\u1 :wi<lP 1Jnrhitnrique sub-

1 5 stitue. Mai,; on 1wnt (.gakmrut faire ngir 
fos composnnts l'un :<UI' Fautrr ,l:111;; des sol­
vants et olit<!nir le:< 1·omhinai:;011s molccu• 
lairPS par i·ristalli.,Htiou ou e,·11pomtion. ou 
faire rr-:igir ilcs si•ls 11'aci1les hm·hit111'i,p1es 

!.10 · avec des i,els de;: eo111hirn1is<mH 11H•11tiormfrs 
dP. In pyriui11c. 

Exem11le · z. - On ilis:;1i11t it ehaml 
2,3 parties de 4-oxy-!i-11itropyridi11i> <'l ~ par­
ties 11'1widr diethylharhitnriqne d:m;; no pnr-

!l 5 tics 1~11 volume d'enu. Par 1·rfr11idi;;sPment, I 
il .,c ,;epnrc pnr cristallisMinu mw comhi• 
1mi,;on, fondant ii :H5". 1p1i pom· 1 mnl. ,le I 
C8H 12O3 :\z2, rnntif'nt 1 llllll. ,Ji~ c:•JT'O",\z'. , 

E:r:empf<' ::!. ··- On foi1d ii u1r 1 part.it · 1· 

3o d'acide dicthylbarbit11ri«p1e c>t :J p:u-lir.~ ,l,• 

2-cthoxy-5-ucetaminupyridinc. Apres solidi­
fication de la 11111~se fon1l11!' clairc, m1 fait 
cri8tuiliser cl1111~ 1fo l'ean ou du henze1w. La 
combinaison aiu,i ohtmme fond a 112"-l15" 
et eontieut, pour l mol. 1le C"H12

()
3 .\z2

, ~ 5 
2 mol. de C"l:P2 O2 Az". 

E,cemple :1. -·· . \ 1111e su>1pe11sirn1 de• 
1G parties d'al'i,le di(>th;d11nrhiturique d:ms 
DO partif's en Yolm1w de he11zP1w ehau<l, 011 
ajouk 12 partitis dt\ N-mcth~·l-a•pJ-riclmw. !rn 
Par ap;it11tio11, ii ~e pruJuit l,ientot unP """ 
lution. Ln cumhinnisoIJ, se :;cp11rnnt par 
,·ristallisation !ors du refruidisi:rmr.nt. fond 
a Cll\'iron 1200 et SP rompnFe des mati1~1·r.~ 
]ll'r.lllirre d.111~ le rapport 1 : 1. ti 5 

B:rr111p!,, -~- - On 1111~luuge intilll('IIH'nt 
17 partir·s ,Fm·id'i1 phc11:.'·lethylharhitnriquf! 
avi•.: ~ pa1·ti<·.~ ,ii· N-meth,vl-a-pyridom•; il ;;,• 
VL"ndnil trP" rapi,le111<•nt nnr. soEdificatinu 
an'c di:\:-ap;1·mt•11t. d1• chalc•ur. A pre:! lC' l'C'froi- .1 o 
1lis:<enw11t, on puh-crisc Jc pr0ll11it, on ma­
lax<f awe 1fo Ti>ther, mi tiltn• a la trompe 
l't on S!lt:h!'. 011 o1ltiPnt ain~i n1111 <'lllllhi­
Jlai~on, fonda11t a 122° environ, yui 1•tmliPnt, 
pour· 1 mol. de C'"H"O'Az'. l mo!. dr 55 
(!0IFO.\z. 

H.rr.mple Fi. -- On disso11t a <:haw! 20 Jllll'­

tiP,.: cF.ir-id,• dirth,vlharbitnriq111• et 25 pnrtiris 
r]p a-Hmim•pyrirlitH' flnn~ 100 pm-tie,.: cu v11-

l11nw tl':ilf•ool ~ 20 0/0 . .:\prP~ rr.froidi;:t<<i· 60 

Prix ciu fascicule : 5 francs. 
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[769.586) -2 
ment, on filtrc a la trompe les cristam: qui 
se sont separcs, on la'\"e a'\"eC de l'akool a 
20 0/0 et on sec.he. On peut !es nettoyer 
par dissolution dans de l'cither et par preci-

a pitation avec de l'ether de petrole; ils fon­
dent alors 11 82°-85°. Cctte combinaisou 
contient, pour 1 mol de C8H 120 3Az2, 2 moL 
de C5H 8Az2

• 

RESIDIE. 
1 o L'invention concerne : 

1° l-:-n procede de preparation de derh-es 
de combinaisons ox~·- et aminop~-ridiqne.~, 
caracterise en ee qu'on fait agir des combi­
naigons ox~·- et aminopyridiqucs sur· des 

acides barbituriques substitues; 1 5 
2° Des modes d'execution du procedc sui­

vant 1°, dans lesquels : 
a.. On fond !es constituants .a temperature 

accrue; 
b. On fnit agir les constituants l'un sur 2 o 

Pautre en solution ou en suspension; 
c. On produit une double reaction entre 

les sels des coustituants. 

Sodetll di!e : CHEMISCHE FABRIK VO~ HEYDEN 
AKTIENGESELLSCHAFT. 

Par procoralioo : 

Soeiulo Dolfi' et ARlll:lfG.Ull> alne. 

Pour la vente des fascieules, s'aclresser a l'I11PB111111111 l'imo:uLB, ~7. rue de la Convention. Pa,is (1l'J 
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T9054 

[Page 438] 

The Allen Translation Service 
Translated from German 

Substitution Products of Hexanes, Hexenes, etc. 

2 Pages 

[Translator's Note: The first part of page 438 is the concluding part of the preceding section that has not 
been translated. The pertinent bibliographic references in the following sections, which have been 
translated, are to be found at the end of this translation.] 

d-glucose - sodium chloride - monohydrate (glucose-sodium chloride)= 
2C6H1206, NaCl.H20 

Specific gravity 1.55-1.59 in accordance with older detenninations. 
Trigonal trapezohedral. 

a= 74° 10.5' (a:c = 1:1.7854 Traube36
)) 

Kobell37
) observed the combination of the two correlate rhombohedra r{ 100} and p{22 l}, with d{411 }, 

a{ l 0 l} and a.{110}; Schabus15
) (loc. cit. 21), who erroneously designated the compound "glucose", was 

apparently describing hexagonal bi pyramids ( combination of r and p of the same magnitude) with the 

- -
subordinate forms m{21 l },.a{ l 01} and a.{ 11 O} and also crystals at which r{ 100} predominated, and 

6{110} and c{ll 1} occurred in addition top, a, and a. Heintze38
), like Kobell, observed r{l00} usually 

-
dominating over p{221} but also on occasions r alone. Traube found that the crystals that form from 

aqueous or diluted alcoholic solution initially exhibited rand pin equilibrium and then preceded more 

and more and m, a, a, d (often rather large) and 6 developed of which d{41 l} and 6{ 110} seldom 

occurred on a [sic; one?] crystal; c{ 111} also appeared on crystals from solution in nitric acid. 

Calculated: 

r:r=(IOO):(OIO)= 102°:Uf 
r:,_.:_(100):(Ht)= 6i 6 
r:e=(«oo):(nll= 113 ts 
d:d=(Ht):(444)= -

Traube: 
102°u' 
u 3f 
53 16 

*76 5ll 

Heintze: 

63°U' 
53 U 

Observed: 
Schabus: KobeH: 

rn2° ta' 
63 45 63° IS' 
53 20 53 ll 

The ability to be cleaved was not observed. Etch patterns on r{l00} and p{221} differed; asymmetrical 
quadrilaterals in both cases. 

Birefringence positive, optical rotation capacity not measurable. Optical anomalies are frequent, 
especially on the crystals that separated from diabetics' urine, with a distinct composition comprising 
biaxial sectors; hence Pasteur39

) and Des Cloizeaux40
) regarded the crystals as being rhombic [twin] 

crystals comprising three single crystals in accordance with a pseudo-hexagonal prism. 
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'I 

[Page 439] Halogen Derivatives, Nitro Derivatives, Oxy Derivatives and Aldehyde Derivatives 

d-glucose - sodium bromide - monohydrate (glucose-sodium bromide)= 
2C6H1206.NaBr. H20 

Trigonal trapezohedral. 
a = 72° 18' (a:c = l: 1.8614 Traube36

)) 

When recrystallized from hot [ethyl] alcohol in. accordance ~th the work of Miller41
), this substance, 

which was first synthesized by Stenhouse41
), exhibits the combination r{ 100} with a rounded base 

2 

c{ 111}. As in the case of the preceding compound, Traube (loc. cit. 517) first observed the formation of 

- -
rhombohedra r{ 100}; the following also occurred upon prolonged growth: p{221 }, m{211 }, a{l 01 }, 

-
a{ l 10}, s{210}, cr{201 }. 

Calculated: Observed: 

,·:r=(too):(010)= I0:i0 Uf 
r:c={I00):(111)= 
r: e = (tOO): (SH)= 
s:u-:-(210):(S0I)= 
s: e = (lill 0): (tH) = 
s: r = (SIO): (100) -

No distinct ability to be cleaved. 

153 55 
&5 Ut 
28 50 
74 39½ 

Traube: Miller: 

103°19' 
.65 3 

54 4 
'6 I 
S8 '6 

. 74· 38 

Birefringence positive, intense. Optical anomalies as in the case of the preceding substance. 

d-glucose - sodium iodide - monohydrate (glucose-sodium iodide) = 
2C6H1206.Nal.H20 

Trigonal trapezohedral. 
.a = 72° 50' (a:c = l: 1.83_88 Trimbe36

)) 
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In accordance with the work of Traube (loc cit. 515), this 

compound crystallizes from a solution of the components in 

the ratio of the formula in combinations of r{lOl} with 

subordinate p{221}, m{21 l} and s{210} (Fig. 1252); very 

-
narrow surfaces comprising sigma{201} and a{ 101} or 

-
a{l 10} also form in the case of prolonged continuing growth 

in the mother li uor. 
Calculated: 

r:r=(loo):(oto)..:... -
r:e = (100): (ttl) = 6'0 U' 
r: e = (I 00): {UT) _:_ 53 '6 · 
s:u=(210):(201)=1li 3! 
s:e=(tl0):(ni)=28 '7 
s :r = (210): (400} = H U 

Observed: 
•10,e I' s, 56 

53 U 
&6-46 
28 52 
7' 29 

3 

Fi . 1252 

Cohesion relationships and etch patterns identical to those [before]Birefringence positive; optical 
anomalies similar to those of the chloro compound. No measurable optical rotation capacity. 

Foreign language references: 
36

) H. Traube, N. Jahrb. f. Min. usw. 1893; Beil.-Bd .. [Volume] 8,518. Extract from Zeitschr. f. Krystal. 24, 182. 
38

) Heintze, Kryst. Unters. org. Verb. ["Crystallographic investigation of organic compounds"] Dissertation. Glittingen 
1884, 22. Extract Zeitschr. Krystall. 11, 87. 

39
) Pasteur, Ann. Chim. Phys. 1851 93), 31, 92. 

4°) Des Cloizeaux, Ann. d. mines 1857, (5) JI, 322 and 1858, (5) 14, 369. 
41

) Stenhouse (Crystal determination by Miller), Joum. Chem. Soc. London 1863, (2) 1, Ann. d. Chemie 1864, 129,286. 
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438 Substitutionsproducle der Hexane, Hexene usw. 

Bt:rechnet: Beobachtet: 
Becke: Brezina: 

m: '111= (!lo): (Ho)= 60°24' 
I : ·t -:-- ( I 0 l) : ( 0 0 I) = U 2 3 

d' : , '= (TO l) : i O O I) = 5 2 7 
m:, =(Ho): (001) = 86 o 
'm: cf= (Ho): (Toi)= 69 30 
m:l =(lT0):(101)=66 31 

60°24.' 60°25' 
U 31 43 49 
52 7 52 7 
85 59 85 JS 
6927 6915 
66 27 68 3'2 

Die Krystalle losen sich von der nicht ausgebildeten {rechten) Seite her . 
Was~7r viel schneller, als von der linken ~eite, und dementsprechend zeigen au~: 
die Atzfiguren auf c{oo I} und i{ IO l} lmks gerundete, rechts scharfe Flache 

Ebene der optischen Axen senkrecht zu b{ O i O}, t. Mittellinie ungefa~; 
senkrecht zu l{l 04}, Axenwinkel groO; r-:- a= 01019. 

d· Glykose. N a~iumchlorid• .M.onobydrat· (Traubenzucker- Chlornatrium) = 
2CoHnOo, Na<Jl.HsO, 

Spec. Gew. i ;5:5-1 1119 nach alteren Bestimmungen. 
Trigonal trapezoedrisch. 

a= 7&0 to½'(a:t= f: 11785' Traube 96)). 
Kobe 1137) beobachtete die Combination der beiden correlaten Rhomboeder 

r{too} und e{22l}, mit d{4.H}, a{tol} und a(Ho}; Schabus 1~) (!. c. 21) 
welcher die Verbindung irrtlimlich als >Traubenzucker• bezeichnete, beschrieb 
sc?einbar hexagonale Bipyramiden (C<?_~bination_ von r und (I in gleicher ,Gri:i.Cle) 
m1t den untergeordneten Formen m { ll f I}, a (IO 4} und a {ITO), ferner Krystalle, 
an denen r{IOO} vorherrschte und :LUiler e, a und a noch o{Ho} und ,{111) 
auftraten. Heintze38) beobachtete, wie Kobel!, r{I00} meist Uber e{ul} 
herrschend, zuweilen aber. aucp r allein. Traube fand, da!l die aus wasseriger 
oder verdlinnter alkoholischer Losung sich bildenden Krystalle anfangs r und e 
im Gleichgewichte zeigten, dann trat e immer mehr zurUck, und es entwic;kelten 
sich m1 'a, a, d (oft ziemlich groO) und o, von denen d{4.H} und d{HO) 
selten an einem Krystal! auftraten; an Krystallen aus salpetersaurer Losung 
erschien auch , { l 41 }. 

Berechnet: 

r.: r · (100): (040)-:-- 102°nf. 
r:c ~(100):(111)= 6' 6 
i-:e=(IOO):(llfi)= 53 28 
d:d=(411):(141)= 

Tranbe: 

10_2°24' 
U 31 
53 i6 

*76 52 

Beobnchtet: 
Heintze: Sch a bus: 

402° 481 

63 &5 
53 20 

Ko bell: 

63° 15
1 

53 S 

Spaltbarkeit nicht beobachtet. Atzfiguren auf r{ I 00} und e{22T} verschiedenj 
in beiden Fallen unsymmetrische Vierecke. · 

Doppelbrechung positiv, Drehungsvermogen nicht me1lbar. Haufig sind op­
tische Anomalien, besonders an ·den aus Diabetesharn abgeschiedenen Krystallen, 
mit deutlicher Zusammensetzung aus zweiaxigen Sectoren, daher Pasteur

39
) 

ll6) H. Tran be, N. Jahrb. f. Min. usw. 18931 Beil.-Bd. 8, 518. Ansz. Zeitschr. f. Kry 5lal 
H, 48!1. . . . 

37) F. v. Kobe!!, Journ. f. prakt. Chemie 4843, 28, 489. 
38) Hcintze, Kryst. Unters. org. Verb. Dissert. Gottingen 1884, U. Ansz. Zeitscbr. 

Krystall. 11, 87. 
39) Pasteur, Ann. chim. phys. 1851 (3) 31, H. 

d 

am 
Fo 
e( 
wa 
Fil 

Ve 

Ar 
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Halogen•, Nitro·, Oxy• und Aldehydderivat~, 439 

d Des Cloizeaux 40) die Krystalle als rhombische Drillinge nach einem 
;:eudohexagonalen Prisma auffaOtcn. 

d, Glykose• Natriumbromid • Monohydrat (Trinibenzi.icker-'!:lromnatrium) = 
2CJ:Cn Oo,NaBr,HsO• 

Trigonal trapezoedrisch. 

a =72°ts' (a:c= 4:.4,86U Traube36)). 

Die zuerst von Stenhouse 41) dargestellte Substanz zeigt, aus hei.lleni Alkohol 
umkrystallisiert, nach Mi 11 erU) die Combination r { 4 00} mit gerundeter Basis 
,{111}, Traube (1. c. 617) beobachtete, wie bei der vorigen Verbindung, 
zuerst die Bildung von Rhombeedem r{l oo}, bei langerem Wachstum traten 
aullerdem auf: 0{22l}, m{2Tl}, a{tol}, a{llo}, s(210}, 0{201}. 

Berecbnet: 

r:r=(too):(oto)= 1oa0 29f 
r:c=(I00):(144)= 
r: e = {400): (2Tl) = 53 55 
s:11=(210):(201)= 45 49½ 
s: e = (21 o): (HT)= 28 50 
s:r=(210):{IOO)= 7'_39½ 

Keine deutliche Spaltbarkeit, 

Beobacbtet: 
Traube: Miller: 

103°19' 103°20' 
•55 3 64 46 

54 4 
46 l 
28 46 
H 38 

Doppelbrechung positiv, s;ark .. Optische Anomalien wie beim .vor. K6rper. 

d•Glykose • N atriumj odid • Monohydrat (Traubenzucker- Jodnatrium) =. 
200H110o.NaJ.H1 0. 

Trigonal trapezo!!drisch. 

a= 7'0 50' (a: c. · f·: 418388 Traube3&).). 

Die Verbindung krystallisiert nach Traube (1. c. IH IS) 
aus einer Losung der Bestandteile · im Verhaltp.isse der Fig. 4 !152. 
Form~! in Combinationen von r{ t of} mif untergeordnetem 
e{ul}, m{2H) unds{!lO} (Fig. U52); bei langeremFort­
wachsen in der Mutterlatige bilden sich noch sehr sclimale 
Flachen von u{201} und a{toT}' bzw. a{Ho}. 

Berecbnet: 
r: r = (1 oo): (Oto)== 
r:c =(IOO):(tfl)=6'0 '4' 
r:e=(too):(nT)=53 '6 
s:a=[210):(204)=45 32 
s:e=(210}:(22l)=28 4.7 
s:r=(2f0):(IOO)='U '3 

Beobachtet: 

*t 04° 4' 
6& 56 
53 32 
46 -46 
28 52 
7' 29 

Cobasionsverhaltni~se und -Atzfiguren gleich dem vor 
v toppelbrechung positiv; optiscbe Anomalien iibnlicb denen der Chlor­
er indung. Kein me3bares Drehungsvermogen. --:~) Des Cloizeaux, Ann. d. mines 4857, {5) 11, 32! und 4858; (5) 14, 369. 

Ann ) S!cnhouse (Krystnllbest. v. Miller), Journ. Chem. Soc. London 4-869, (i) 1, 
· · Chemie 186,, 129, !86. 

j 

' 

! . ; ., 

: 

-
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J.J. Stezowski and R.-D Stigler (Institute for Organic Chemistry, Biochemistry and Isotope Research, 
University of Stuttgart), N. Karl and K. Schuller (Physical Institute 3, University of Stuttgart). 
Characterization of a 1 :1 complex of an unusual structure in the phenothiazine/phenazine 
binary phase diagram 

A black-red adduct was obtained from phenothiazine C12H9NS and phenazine C12H8N2, which both 
form pale yellow crystals, whereby this adduct was obtained by means of co-sublimation and also 
from communal melts; the strong red shift in the absorption suggested that one can infer the 
formation of a TI-electron donor/acceptor complex. The phase diagram was recorded with a Perkin 
Elmer DSC-2 differential calorimeter. This does in fact exhibit a maximum at a stoichiometry of 1: 1. 

A complete x-ray structural analysis (at 300 K) generated a uniform phase of space group P2.1/c with 
a= 9.072 (2), b = 8.872 (2), c = 25.934 (5) A. ~ = 112.65 (2) 0 and Z = 4. Interactions between the 
components can be seen from the crystal structure, whereby these interactions deviate markedly 
from those of conventional (weak) TT-electron donor/acceptor complexes: the planes of the 
phenothiazine and phenazine molecules do not lie alternatingly one above the other (as, for example, 
in the phenothiazine/PMDA donor/acceptor complex [1] but, rather, they lie more or less 
perpendicularly relc1tive to one another. A closely adjacent phenazine pair occurs in the structure with 
a separation of 3.714 A between the planes of the two phenazine molecules. Two phenothiazine 
molecules, which are each linked -via their >NH group by means of a hydrogen bond to a nitrogen 
atom in the one or the other phenazine molecule in each case, are arranged on opposite sides 
approximately perpendicularly to it [translator: the aforementioned pair of phenazine molecules]. This 
(C,2H9NS)2'(C12HaN2h dimer has to be regarded as the crystallographic packing unit: see Fig. 1. The 
strong bathochromic shift that is found in the absorption spectrum would, to some extent, be 
compatible with the small ionization energy of phenothiazine [2] and the large electron affinity of 
phenazine [3] within the context of an electron charge transfer transition from phenothiazine to 
phenazine, but the angular bending of the phenothiazine molecule (159. 7 °) and the possibility of 
hydrogen bond interaction evidently prohibit the formation of the continuously alternating 
donor/acceptor stack that is usual for weak donor/acceptor complexes. The aspect of whether the 
hydrogen bonds mediate a charge transfer interaction of the essentially orthogonal molecules 
remains to be examined. 

·31 
. ::.:~;~\ , .. ..... ·: 
·.:'.:;"\·~ 
-::·/t~ 

. 'i.'!f. 
Fig.1. The crystallographic packing unit of the phenothiazine/phenazine molecular ·complex, stereoscopic 
projection onto the plane of the phenazine molecule. An inversion center lies between the phenazine molecules. 

This study was carried out within the framework of a project that was sponsored by the Volkswagen Company 
Foundation, reference I 35 974. 
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,P cimd>alt Kristall.J. 
-~~ 

mie, Biochemie und Isotop '' 
nationelle Eigenschaften .. ~ 
gsuntersuchungen. · 

lllstrukturanalysen von 
1tionellen Eigenschaften · · 
:is heute haben wir folg~~ 
truktur Nr. 11); [3S, 6~iJ 
. -Pro-NH2 (Nr. 1, 2); (3S,·6s 
,-L-Pro-NH2, (Nr. 3); 5-Etb'. 
orotyl-L-His-L-Pro-NH2, (i,;f 
3) und 2-0xo-thiazolidiny~/ 

. ., -~,: 
istallstrukturanalysen berici · 
.
2-TRlf P21-Modifikation, ( 
), (Nr. 14, 15). 
metrischer Einheit vorhanci~ 
1bhangige Beobachtungen ,: ., 
>n TRH und Analogen. .. . 
ese Strukturuntersuchunge\ii .. ,. 

213 

. ?\~lie Freihei.t ergibt sich fiir den Prolinamid-Rest, fur den Imidazol-Rest und > pir den p-Glu-Rest bzw. den ihn ersetzenden Heterozyklus. Das Bild, das sicb 
(' .· aus diesen Untersuchungen fiir die TRH-Konformation ergibt, ist mindestens 
'{.:, zum Teil im Einklang mit Strukturuntersuchungen in Losung. Es unterstutzt 
;}.' ... die• daraus .abgebildete Polgerung, daB ein in Uisung maBgeblich vorhandenes 
: ... :. irRH-Konformer eine ,.extended bacli:bone"-Konformation besitzt, die keine 
:. · .. •intramolekularen Wasserstoffbriicken benotigt und, daB wahrscheinlich die~ 
,,: ..= und y-Kohlenstoffatome des Prolinrings erhohte Beweglichkeit zeigen . 
.\ -~ 

: ... Wir danken W. Voeller, Universitlit Tubingen, und L. FloM, Chemie Grilnenthal 
GmbH, ffir die freundliche Oberlassung von Proben. 

· Uteratur 

· 1..·Stezowski, J. J., Burvenich, C:::., Voelter, W.: Angew. Chem. Int. Ed. Engl. 18, 225 
· . (1979)' · . . . . 
. 2 .. .Kamiya, K., Takamoto, M., Eada, Y., Fujino, M., Nishikawa, M.: J. Chem. Soc. Chem. 

Commun. 1980, 438 
3. Stensland, B., Castensstm, S.: zur VerOffentlichung in J. Mo!. Biol. eingereicht (1982) 

konfonnationeller Integti · · . . .J. J. Stezowski und R.-D. Stigler (Inst. fur Org. Chemie, Biochemie und 
te~te, die fur die Struktur;~~;~( , ·. Jsotopenforschung, Universitat Stuttgart), N. Karl und K. Schuller (Physikali­
Eme begrenzte konformatiq\;i: · · · sches Inst. 3, Universitat Stuttgart): Charakterislerung eines 1:1 Komplexes 

· .·• '-'·"' · · · · :von ungewohnlicher Strnktur im biniren Phasendiagramm Phenothlazin­

.. , 
. Phenazin • 

Aus Phenothiazin, C12H~S, und Phenazin, C12H8N2, die beide blaB gelbe 
Kristalle bilden, wurde durch Kosublimation sowie aus der gemeinsamen 

.· Schmelze ein schwarzrotes Addukt erhalten; die starke Rotverschiebung der 
· Absorption legte nahe, auf die Bildung eines n-Elektronen-Donator:Akzep­
·. tor-Komplexes zu schlieBen. Mit einem Perkin Elmer DSC-2 Differentialkalo­
. rimeter wurde das Phasendiagramm aufgenommen. Dieses weist in der Tat 

ein Maximum bei einer 1:1-St6chiometrie auf. · I Eine vollstandige Rontgenstrukturanalyse (bei 300 K) lieferte eine einheit-
. liche Phase der Raumgruppe P2ifc mit a = 9,072 (2), b = 8,872 (2), c = 25,934 

))t~'.t ·. (5) A,~ = 112,65 (2)0 und Z = 4. Aus der Kristallstruktur werden Wechsel-
.. >~~ ·.'· wirkungen zwischen den Komponenten ersichtlich, die merklich von denen 

.. -.,~.i:.t.:.:_:.· .:. :_ iiblicher (schwacher) 11:-Elektronen-Donator:Akzeptor-Komplexe abweichen: 
, ·-;~,,~ . Die Phenothiazin- und Phenazin-Moleki.ilebenen liegen nicht altemierend 

· ·•. ;f·'"\~ iibereinander (wie etwa in dem Donator:Akzeptor-Komplex Phenothiazin: 
. . . · ·. ;:f ,p~ PMDA [1]), sondem mehr oder weniger senkrecht zueinander. In der Struk-
.1erend auf einem least-squares-fit:{ tur tritt . ein · eng benachbartes Phenazin-Paar auf mit einem Abstand der 

'\ beiden Pbenazin-Molekiilebenen von 3,714 A. Auf gegeniiberliegenden Sei-

.. .. ........ ---------

.. 
. ' 
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214 23. Diskussionstagung der Arbeitsgemeinschaft Kristallogra/· 
: ';\ 
. :-~1~ 

ten sind etwa senkrecht dazu zwei Phenothiazin-Molekfile· angeordnet, di 
durch eine Wasserstoffbrucke mit ihrer > NH Gruppe an je ein Srickstoffa. 
des einen bzw. des anderen Phenazinmolekiils gebunden sind. Di.· 
(C12H9NS)2:(C12HsN2)rDimer mu6 als die kristallographische Packungse :,. 
heitangesehen werden, s. Abb. 1. Die gefundene starke bathochrome · 
schiebung des Absorptionsspektrums ware zwar mit der kleinen Ionisieru · 
energie des Phenothiazins [2] und der groBen Elektronenaffinitat des Phe 
zins [3] im Sinne eines Elektronen-Cbarge-Transfer-Obergangs von Phe·,. 
thiazin zu Phenazin einigermaBen vertraglich, die Abwinkelung des Pheri· 
thiazin-Molekuls (159,7°) und die Moglichkeit einer Wasserstoffbriick~ _, 
Wechselwirkung verbieten aber offensichtlich die Ausbildung der fur scbWf 
che Donator:Akzeptor-Komplexe iiblichen durchgehenden alternierenife 
Donator-Akzeptor-Stapel. Es bleibt zu priifen, ob die Wasserstoffbriic ,:: 
eine Charge-Transfer-Wechselwirkung der nahezu orthogonalen Molek~ 
vermitteln. · · 

Abb, 1. Die kristallographische Packungseinheit des Phenothiazin-Phenazin-MolekulkQ 
plexes, stereoskopische Projektion auf die Phenazin-Molekiilebene. Zwischen den Phe' 
zin-Molekulen liegt ein Inversionszentrum '.•:. 

Diese Arbeit ·wurde im Rahtnen eines von der Stiftung Volkswagenwerk unter I 35· . 
geforderten Projekts durchgefiihrt. ..'~,; 

,(>.::: . . 

~ti1f pteratur. 
.->,:+.:. l: AnthonJ, F 
~t\:. 2'.- Karl, N., S 
\;f .J Probst, K. : 
.·.~·.::' ~ : '. 
,·:,. 

Ii i1i Stollmaie 
t;. : .. Stuttgart). l' 
·::;'•,·. . . 

·: .. ;(>-.:,· .. 
::: .·: · ,NpJ11 ist at 
f.::.:. verkniipft s 
:r\::Aufspaltung 
:\·.: )gespannte le 
~::,>.watdie Ann 
1 ~ ,• •, . 

:!:,-,: ';:,bleibt und n 
)~.(-' .... 
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.~ ... 
.:J.: . .).Heratur 

::.•-- . L Anthonj, R., Karl, N., Robertson, B. E., Stewwski, J. J.: J. Chem. Phys. 72, 1244 (1980) 
_· ·z. Karl, N., Sato, N., Seki, K., Inokuchi, H.: J. Chem. Phys. Tl, 4870 (1982) 
· }· Probst, K. H., Karl, N.: Phys. Status Solidi (a) 17,499 (1975), erratum: (a) 31, 793 (1975) 

f, Stollmaier, A. Simon, J. Geyer Lippmann (MPI ffir Festkorperforschung, 
· Stuttgart). NbJ11-Reaktionen mit Aminen unter Erh~t der NbJ8-Baueinheit. 

mit der k1einen Ionisierun ,;: 
.Jektronenaffinitii.t des Phena 
.nsfer-Dbergangs von Pheno:. 
die Abwinkelung des Phen _· · · 
it einer Wasserstoffbriickeri 
ie Ausbildung der ffir schwA'i;_, ' Nb

6
I11 ist aus [Nb6I8i]-Einheiten aufgebaut, die allseitig durch 6 111/-a weiter 

1rcbgebenden alternierend_~jf -verknilpft sind. In Ammoniak reagiert diese Verbindung spontan unter 
, ob die Wasserstoffbruckeil:'. . ·Aufspaltung parallel (011). Diese Richtung zeichnet sich in der Struktur durch 
1ezu orthogonalen· Molekiile/. gespannte lad-Brucken aus [1]. Unser Ausgangspunkt der Untersuchungen 

· ':, .:}:~ '° ·_ war die Annahme, daB bei dieser Reaktion die Clustereinheit NbJ8 erhalten 

. •';,,•.' . bieibt und nur die Iod-Briicken aufgebrochen werden. 

:nothiazin-Phenazin-Molelrulkolrii-; · · .• · 
ekillebene. Zwischen den Phen~~} ,. ,. , \·. 

::;}t~,:- ·_ 
. Abb.1. Perspektivische Projektion eines NbJ8(NH2CH3)6"'Molekfils (ORTEP-Plot 50% 

Ellipsoide) • 
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[ActaCryst., (1977), B33, 3337-3341] 

Crystalline and Molecular Structure of Sulfanilimide-Antipyrine 

Authors: 

--Serge Alberola and Femand Sabon: 

General and Inorganic Chemistry Laboratory, Department of Phannaceutical and Biological Sciences 
Montpellier l, France 

and Joel Jaud and Jean Galy: 
Crystallography Department, CNRS Coordinating Chemistry Laboratory, B.P. 4142, 

. . . 31030, Toulouse, CEDEX, France 

(Received on March 17, 1977. Accepted on April 19, 1977) 

The I : I sulphanilamlde-antipyrine molecular compound crystallites in the orthorhombic system. space group 
P2 12121, with a= l2•500, b"' 14-677, c == 9· 799 A. The crystal structure (refined to an R of0,046) contains 
four units per cell. The conformation of the molecules and their association by hydrogen bonds have been 
determined. 

Introduction 

Within the context of research 
conducted in relation to combinations of 
chemical substances of a medicinal nature, 
Alberola, Rambaud, and Sabon ( 1976) identified 
a I: I molecular compound consisting of 
sulfanilamide and antipyrine. Infrared 
spectroscopic analysis of this new phase 
revealed a characteristic decrease, &v(NH), in 
v(NH) frequencies for the amide and 
sulfonamide radicals. This shift appears to be 
attributable to hydrogen bonds if prior research 
concerning sulfanilimides (Novak, Lascombe, 
and Josien, 1966) is consulted. 

It was not possible for this particular 
hypothesis to be confirmed by analysis . with a 
dilute solution on account of the fact that this 
compound is insoluble in nonpolar solvents 
(Alberola, 1976). Determination of the crystal 
structure of this complex, 
C6HsN202S.C11H12N20 (Figure 1 ), was therefore 
undertaken for the purpose of defining the nature 
of bonds on one hand, and, moreover, of 

defining the role which each bond occupies in 
relation to formation of this particular complex. 

~~ f(~:: 
(a) 

(b) 

Figure/: Atomic numbering. (a) Sulfanilamide. (b) 
Antipyrine. 
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Table 1: Measuring Conditions and 
Experimental Results 

Physical and crystallographic data: 

Fonnula: C170 3N4SH10• Molecular weight: 360.25. 
Crystal system: Orthorhombic 
Space group: P212121 
a= 12.500(3)A. 
b = 14.677 (3) 
C = 9.799 (2) 

V= 1,798 A3 

2=4 
F(OOO)= 190 

P,.,, = I .357 (4), p, = 1.333 g cm3 

Absorption coefficient: µ = 17.65 cm· 1 

Morphology: Prism-- 0.8 x 0.7 x 1.2 mm 

Recording Conditions: 

Temperature: 25° C. 
Radiation: Cu Ka ('J.. . 1.5418 A) 
Monochromatii.ation: Graphite monochromator . 

· Crystal-detector distance: 208 mm 
Detector opening: height= 4 mm, length = (3 + 0. 75 tg 8) 
mm 
"Take-off' angle: 3.25° 
Scanning mode: 9 • 29 
Maximum Bragg angle: 78° 
Scanning amplitude: (0.60 + 0.147 tg 8) 
Values which determine scanning speed: 
CJp,i? = 0.4, a= 0.018. V pre Minimum of 1° in 8, T mu= 70 sec. 

Intensity . 
Verification 
306,036,326 
Per hour of 
Irradiation 

. . Orientation 
Verification 

Reflections Selected 
Periodicity 

Refinement Conditions: 

14.0, 0.800, 0.0, 10 
Every 100 spots 

Number of reflections for refining reticular parameters: 25 
Number of reflections recorded: 2,202 
Number of independent reflections: 2,202 
Number of reflections used: 1,658 I 1 > 2 a (J)I 
R~_l_ia_~\ljty/a_c~!>!~:.. _ _ _ 

R • ~(klF0 1 ... IF,1)/~ klFnl ., 4,6% . 
R =I~ w'(klF.,I - IF,.1)2/:t w1k1F:1' 11 .., 6,1% 

•These values were defined by Mossei, Bonnet, and Galy 
(1977). 

Crystals were prepared by 
recrystallization of a physical mixture of the 
compound in acetone, with sulfanilamide 
representing 48.08%. The crystals, which 
possessed a prismatic shape, were transluce.nt, 
and they were stable when exposed to air. 

Radiocrystallographic Analysis­
Determination of the Structure 

2 

A prior analysis where a precession 
camera was used had allowed determination of 
[lattice] parameters and the space group for the 
sulfanilamide-antipyrine complex (Alberola et 
al., -1976). A new monocrystal whose quality 
was verified by means of an optical goniometer 
and a polarizing microscope and whose shape 
was that of an 0.8 x 0.7 x 1.2 mm prism was 
selected. 

Measurement of hkl reflections was 
performed by means of a Nonius automatic 
diffractometer of the CAD-4 type for copper Ka 
radiation. 

All of the measuring conditions and 
experimental results are summarized within 
Table I. Methods which were adopted for 
selecting measurement requirements are 
described within a prior publication (Mosset, 
Bonnet, and Galy, 1977). 

Structural aspects were determined by 
deconvolution of the Patterson function and the 
Fourier series. Refinement was accomplished in 
the following manner: 

· --Refinement by the least squares 
method with isotropic temperature factors for all 
of the atoms (except for hydrogen): R = 0.125. 

--Refinement with anisotropic 
temperature factors for these atoms: R = 0.066. 

--Locating hydrogen atoms according to 
differential methods. 

--A refinement cycle involving 
coordinates and an average isotropic temperature 
factor for hydrogen atoms. 

--Lastly, refinement with anisotropic 
temperature factors for all of the atoms except 
for hydrogen atoms, which were simply 
introduced into computations: R = 0.046. * 

Description of the Structure and 
Discussion 

Table 2 defines atomic coordinates for 
sulfur, oxygen, nitrogen, and carbon atoms, 
while Table _3 indicates atomic coordinates and 
isotropic temperature factors for hydrogen 
atoms. Within this table, standard deviation 
figures are not indicated, because final refining 
did not take place with respect. to these atoms. 
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3 

Interatomic distances and bond angles Table 3: Atomic Coordinates (x I 03
) 

for both molecules within the complex, along and Isotropic Temperature Factors/or 
with standard deviations, are summarized within Hydrogen Atoms 
Tables 4 and 5. 

J( y z B cA 1J 
Average planes for the different rings H(020) 305 -123 -83 4,7 

which are present within this complex were H(OJO) 411 -257 -93 4,7 

determined, and they are indicated within Figure H(OSO) 555 -182 284 3,7 
H(060) 447 -42 291 4,3 

6. H(070) 586 -322 175 S,2 
H(07I) 523 -358 30 5,0 
H(l 10) 192 -12 276 5,0 
H(l 11) 110 -30 ISO 4,9 

•Lists of structure factors and anisotropic H(l40) 9 647 463 4,9 
temperature factors have been filed with the British Library H(l70) 2\19 6.55 143 4,2 

Lending Division's Records Division (Supplementary 
H(l71) 248 563 36 5,4 
H(172) 261 667 35 5,4 Publication Number SUP 32668: 7 pages). It is possible to H(ISO) 90 784 361 4,9 

obtain copies by contacting: The Executive Secretary, H(ISI) 98 779 195 4.9 
International Union of Crystallography, 13 White Friars, H(l82) 219 783 289 4,9 
Chester CH I INZ, England. H(200) 40 366 -129 5,9 

H(210) 156 236 -54 4,4 

Table 2: Atomic Coordinates (xl04)for 
H(220) 228 225 151 5,0 
H(230) 237 362 301 5,3 

Heavy Atoms H(250} 46 498 24 5,1 

The numbering method which has been adopted 
is that which is described within Figure l. 

Table 4: Bond Lengths (A) .. )' I 

C(I) 3667 (J) -744 (l) 1018 (S) C(l)-C(2) 1,379 (6) N(Hl)-N(l 2) 1.405 (5) C:(2) 3572 (4) -1351 (3) SO(S) 
C(J) 4204 (4) -2131 (J). -88 (4) 

C(2)-C(3) l,390 (6) N(l2)-C(l7) 1,415 (7) 

C(4l 4927 (4) -2313 (3) -959 (4) 
C(3)-C(4) l,394 (6) C(I J)-C( I 8 ► 1,504 (7) 

C(S) 5017 (4) -1682 (3) -2033 (4) 
C(4)-C(5) 1.406 (6) C(IS)-0( 19) 1,248 (5) 
CU)-C(6) 1,386 (~) N( 1ft) -C':(24) 1.417 (ft) C(6l 4381 (4} -905 (3) 2057 (4} C(6)-C(I) 1,379 (6) C(20)-C(21) 1,380 (9) N(7) 5544 (3) 3083 (3) 910(4) C(4)-N(7) 1,369 (5) C(21)-C{22) 1,356 (9) S(8) 2850(1) 226 (I) 1071 (I) C(l)-S(S) 1,754 (4) C{22)-C(23) 1.400(8) 0(9) 2538(3) · 456 (2) -306 (3) S(B)-0(9) 1,445 (3) C(2J)-C(24) IJ60 (7) 0(10) 3406 (3) 896 (2) 1855 (4) S(B)-0(10) 1,4211 m C!24)-C(25) 1,387 (8) N(II) 1'771{3) -8 (3) 1856 (4) S(8)-N(l 1) 1,591 (4) C(25)-C(20) 1,JSJ (9) 

N(l2) 1583(4) 6040 (J) 2067 (SJ C(2)-H(020) 1.02 C(14)-H(140) l,02 
C(IJ) 1158 (S) 6626 (3) 2979 (6) C(J)-H(OJO) 1,06 C( 17)-H( 170) 0,87 
Cll4l 624 (4) 6163 (3) 3979 (61 C!.S)-H(O.SO) 1,05 C(l7)-H(l 71) l,13 
C(ISI 738 (4) 5226 (l) 3722 (5) C(6)-H(060)· 1,10 C(l7)- H(l 72) 1,11 
Nll6) 1396 (l) 5159 (3) 2S74 (4) N(7)-H(070) 0,94 C(l8J-H(l80) 1,00 
C(l7) 2471 (6) 61'6 (.S) · 1195 (7) N(7)-H(071) 1,02 C(l8J-H!l81) 0,95 
C(18) 131916) 7634 (41 2973 (7) N(21)-H(ll0) 0,93 C(l8)-·H!l82) 1,13 
0(19) 327(31 4SJ6 (2) 4251 (4) N(l1)-H(l!I) 1,00 C(20)-H(200) l.09 
C(20) 913 (6) 3681 (6) -386 (7) N(l2)-C(13) 1,349 (6) C(21)-H(2 IO) 0,97 
C(21) 1433 (15) 2896 (S) 16 (8) C( 13)-C(l4) 1,366 (7) C(22)-H(220) I.OJ 
C(22) 1964 (S) 2871 (4) 1223 (7) C(l4)-C(l5) 1,406 (8) C(23)-H(230) 1,05 
C!231 1972(5) : 3642 (4) 2063 (6) 

C(IS)-N(lll) 1,396 (6) C(2.S)-H(2SO) 0,99 
C(24) 1422 (4) 4400 (3) 1680 (6) 
C(2S) , 891 (5) 4421 (4) 4J6 ('T) 
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Table 5: lnterratomic Bond Angles (0
) 

C(6)-C( I )-C(2) 
C(6)-C(l)-S(8) 
C(2)-C( 1)-S(S) 
H(020)-C(2)-C(I) 
H(020)-C(2)-C(3) 
C(l)-C(2)-C(3) 
H(030)-C(3)-C{2) 
H(030)-C(3)-C(4) 
C(2)-C(3)-C(~) 
N(7)-C(4)-C(3) 
N(7)-C(4)-C(5) 
C(l)-C(4)-C(5) 
H(0S0)-C(S)-C(6) 
H(0S0)-C(5)-C(4l 
C(6)-C(5)-C(4) 
H(060)-C(6)-C(l ll 
H(060)-C(6)-C(5) 
C(I J-C(6)-C(5) 
H(070)-N(7)-C(4) 
H(071)-N(7)-C(4) 
O(10)-S(S)-O(9) 
O(10)-S(S)-N( 11) 
O(I0)-5(8)-C(I) 

120,4 (8) 
119,3 (8) 
119,7 (7) 
121 
118 
120,1 (8) 
118 
121 
120,4 (8) 
119,8 (8) 
121,7 (7) . 
118,4 (8) 
120 
119 
120.6 (8) 
121 
119 
119,9 (8) 
112 
113 
118,2(4) 
107,5 (4) 
106,9 (4) 

O(9)-S(S)-N( 11) 
O(9)-S(8)-C( I) 
N(l 1)-S(S)-C(I) 
H(l 10)-N( I 1)-S(S) 
H(I I l)-N(l l)-S(S) 
C(l 3)-N(l 2)-N( !6) 
C( 13)-N( 12)-C( 17) 
N( l6)-N(l2)-C(l7) 
N( l 2)-C(IJ)-C(l4) 
N( I 2)-C(l3)-C(l8) 
C(l4)-C(l3)-C(l8) 
H( 140)-C( 14)-C( 13) 
H(l 40)-C(l4)-C(l 5) 

· C(IJ)-C(l4)-C(IS) 
O(19)-C(IS)-N(l6) 
O(19)-C(i5)-C(l4) 
N( 16)-C(IS}-C(l4) 
C( I S)-N(l6)-N(l2) 
C(IS)-N(l6)-C(24) 
C( I S)-N( 16)-C(24) 
H(l 70)-C(l7)-N(l2) 
H( 172)-C( 17)-N(l 2) 

1os,s ·(s> 
108,6 (4) 
109,4 (4) 
109 
126 
106,6 (7) 
128,2 (8) 
118,3 (9) 
110,5 (6) 
119,5 (8) 
129,9 (9) 
123 
127 

.108,0 (9) 
121,3 (8) 
132,6 (7) 
105,7 (9) 
108,5 (9) 
124,5 (8) 
120,0 (5} 
120 
!JI 

H(l71)-C(l7)-N(12) 
H(l81)-C(l8)-C( 13) 
H(l 80)-C(IS)-C( 13) 
H(l82)-C(18)-C( I Ji 
H(200)-C(20)-C(25) 
H(200)-C(20)-C(2 l) 
C(2.S)-C(20)-C(2 I) 
H(210)-C(21)--C(22) 
H(2 I0}-C(21)-·C(20) 
C(22)-C(21)-C(20) 
H (220)-C(22)-C(2 I) 
H(220)-C(22)-·C(23) 
C(21)--C(22)-C(23) 
H(230)-C(23)-C(24) 
H(230)-C(23)-C(22) 
C(24)-C(23)-C(22) 
C(23)-C(24)-C(25) 
C(23)-C(24)-N( 16) 
C(25)-C(24)-N( 16) 
H(250)-C(25)--C(20) 
H(250)-C(25)-C(24) 
C(20)-C(25)-C(24) 

109 
106 
97 

111 
119 

4 

118 
120.5 (8) 
112 
126 
120,1 (9) 
117 ' 
123 
119,6 (9) 
120 
119 
119,6 (8) 
120,l (9) 
118,9(7) 
120,9 (8) 
123 
116 
119,7 (9) 
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Table 6: Average Planes/or Atoms 

Plane I: -(0.70636)x-(0.49633)y + (0.50410): + 2.19525 • 0 

Atoms which define the plane: 

C(l) 0.002 A C(4l 0.006A 
C(2) 0,001 C(S) -0.00.3 
C(J) -o.oo~ C(6l -0.007 

Other atoms: 

N(7) -0,001 A 0(9) -0.S29A 
S(B) 0,043 0(10) -0,550 

Plane 2: -(0.82855)x • (0.33637}y + (0.44762): +2.92083-0 

Atoms which define the plane: 

C(20) 
C(21) 
C(22) 

--0,011 A 
0,005 
0,009 

C(23) 
C(24) 
C(25) 

-0.011 A 
O,Ol2 
0,002 

Plane 3: -(0.83248)x • (0.00822}y - (0.55400): + 2.87883 = 0 

Atoms which define the plane: 

N(l2) 
C(l4) 
N(16) 

Other atoms: 

o,036 A 
-0,006 
-0,033 

C(ll) --0,409 A 
C(l8) -0,l02 

C(IJ) 
C(l5) 

-0.023 A 
0.028 . 

O!l9l O,l 76 A 

Table 7: Hydrogen Bonds 
0(9)1• .. H(ll011 

0(9y .. • N(l 111 

N(I 11"-H(I 10)11, .. 0(9)' 

0(10)1• .. • H(0701 
O(IOJ• .. , N(7)1 

N(7)'-H(070Y .. •0(10)'' 

O(l9Y• .. •H(l 11)1 
0(111)1•. • ,N(I 1)1 
N(l 1)1-H(l l t)' .. ,O(19)" 

2,074A 
2,985 
171,9° 

2,090A 
2,964 
152,8° 

1,944 A 
2,915 
161,8° 

5 

Sulfur 
Carbon 
Oxygen 

Nitrogen 

r f :::.. 
• o,_.. 
e A,otf ! 

- ---7 -¾ 

I 
, I -¼ 

j 

7-l 
Figure 2: Projection of Structure onto Plane 
(001). 

The general pattern for positioning of 
the two molecules within the crystal network 
is indicated according to a projection onto 
plane (001) within Figure 2. 

From the standpoint of the two 
molecules' structure, bond lengths and bond 
angles are analogous to those which are 
described within pertinent literature, insofar 
as both sulfanilamide (Alleaume and Decap, 
1965) ·and antipyrine (Singh and Vijayan, 
1974) may be concerned. 

As these authors had previously 
observed, the sulfanilamide ring is flat, as is 
likewise true for each antipyrine ring. The 
dihedral angle formed between planes 2 and 
3 is 63. 6°, whereas it is only 12° between 
planes 1 and 2, which indicates that the two 
benzene rings were substantially parallel. 

· The only noteworthy difference in 
relation to the previously cited results 
pertains to the angle between benzene and 
the pyrrole rings and antipyrine, which 
appears to vary from one compound to 
another, insofar as it may represent possible 
rotation around the N(l6)-C(24) bond which 
connects these two rings. 
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6 

From the standpoint of the molecular 
arrangement, it is possible to observe that 
cohesion of the crystal lattice is ensured by 
three types of hydrogen bonds, with two of 
these bonds connecting sulfanilamide 
molecules, while the third bond · ensures 
sharing of an antipyrine molecule and the 
sulfanilamide molecule (Table 7 and Figure 
3). 

(l 977) in relation to a sulfacetamide­
caffeine combination. 

The CNRS, the DGRST, and the 
DESR provided material support for 
completion of this research. 

Consultation of Figure 2 reveals that 
the sulfanilamide molecules are organized 
according to a spiral whose axis converges 
with the crystallographic axis identified as z, 
thereby demarcating a type of tunnel into 
which the antipyrine molecules fit. 

/ 
~-~ ........ 

I 

11111 Oxygen 
*Nitrogen 

. ...... 

The authors' research confirms the 
existence of hydrogen bonds, on one hand, 
so that the hypothesis expressed by Alberola 
( 1976) on the basis of infrared spectroscopy 
analysis is confirmed, and, on the other 
hand, it confirms the preponderant role of 
nitrogen, N(ll), within the sulfonamide 
radical in relation to forming the 1 : 1 
sulfanilamide-antipyrine molecular 
compound. This result is comparable to 
results obtained by Shefter and Sack.man 
( 197 l) for the sulfanilamide-sulfathiazole 
complex and by Leger, Alberola, and Carpy 

4--- '•,, w " 

L. Fr··-~: ---·-- . 

Figure 3: Projection of Structure 
onto Plane (001); Hydrogen Bonds. 

[Translated Reference]: 

S. Alberola (1976). Private 
correspondence. 
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Structure CristaUine et Moleculaire de la Sulfanilamide-Antipyrine 

PAR SERGE ALBEROLA ET FERNAND SABON 

Laboratolre de Chlmie Generate et Mlnerafe, UER des Sciences Pharmaceutlques et Biologiques, Montpellier I, 
France 

ET JoeLJAUD ET JEAN GALY 

Service de Cristallographle, Laboratoire de Chimie de Coordination du CNRS, BP 4142, 
31030 Toulouse CEDEX, France 

(Re,u le 11 mars 1977, ac~epte le. 19 avrll 1977) 

The I : I sulphanilamide-antipyrine molecular compound crystallizes in the orthorhombic system, space group 
P2 12121, with a= 12•500, b == 14,677,c = 9.799 A. The crystal structure (refined to an R of0,046)contains 
four units per cell. The conformation of the molecules and their association by hydrogen bonds have been 
determined. · · 

Introduction 

Dans le cadre des recherches poursuivies sur les 
associations de substances · chimiques a caractere 
medicamenteux Alberola, Rambaud & Sabon (1976) 
ont caracterise un compose moleculaire 1 : 1 entre la 
sulfanilamide et l'antipyrine. L'etude par spectroscopic 

(b) 

Fig. I. Numi:rotation atomique. (a)_ Sulranilamide. (b) Antipyrine. 

infra-rouge de cette phase nouvelle met en evidence 
un abaissement caracteristique Av(NH) pour les 
frequences v(NH) des fonctions amine et sulfonamide. 
Ce deplacement semble attribuable si l'on se refere aux 
precedents travaux sur · les sulfanilamides (Novak, 
Lascombe & Josien, 1966) a des liaisons hydrogene. 

Cette hypothese n'a pu etre confirmee par une etude 
en solution diluee du fait de l'insolubilite de ce compose 
dans les solvants non-polaires (Alberola, 1976). La 
determination de la structure cristalline de ce complexe 
C6HaNP2S.C11H12N2O (Fig. I) a done ete entreprise 
afin de preciser d'une part la nature des liaisons, d'autre 
part le role joue par chacune d'elle dans la formation de 
ce complexe. 

Les· cristaux ont · ete prepares par recristallisation 
dans !'acetone d'un melange physique de composition 
correspondant a 48,08% en sulfanilamide. lls sont 
translucides, stables a !'air et de forme prismatique. 

Analyse radloc::rlstallographlque - determination de 
la structure 

Une etude anterieure sur chambrc: de precession avait 
permis de determiner les parametres et le groupe spatial 
du complexe sulfanilamide-antipyririe (Alberola et al., 
1976). Un nouveau monocristal de qualite controlee au 
goniometre optique et au microscope polarisant se 
presentant sous la forme d'un prisme de 0,8 x 0, 7 x 1,2 
mm a ete selectionne. 

La mesure des reflexions hkl a ete elTectuee a l'aide 
d'un di!Tractometre automatique Nonius de type CAD-
4 pour la radiation Kn du cuivre. 

L'ensemb!e des conditions de mesure et les resultats 
experimentaux sont resumes dans le Tableau I. Les 
methodes presidant au choix des conditions de mesure 
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3338 STRUCTURE DE LA SULFANILAMIDE-ANTIPYRINE 

Tableau I. Conditions de mesure et resultats 
experiment aux 

Donnees physiques et crislallographiques 

Formule: C 11O1N,SH 10, masse moleculaire: 360,25 
Sy~temc cristallin: orthorhombique 
Groupe spatial P2,2,2, 
a= 12,500 (3) A 
b = 14,677 (3) 
c = 9,799 (2) 
P.,0 = 1.357 (4),p, = 1,333 g cm 1 

Coeflicientd'absorption:µ = 17,6S cm-• 
Morphologic: prismc. 0.8 x 0.7 l( 1,2 mm 

Conditions d'enregis1remen1 

Temperature: 25 °C 
Rndialion: Cu Kn (A · 1.5418 Al 
Monochromatisation: monochromateur graphite · 
Distance cristal-<letecteur: 208 mm 

V= 1798AJ 
Z =4 
F(OOO) = 190 

Fcnetre du dctectcur: hauteur= 4 mm. largeur = (3 + 0, 75 tg 8) 
mm 

Angle de 'take-oil': 3,25° 
Mode de balayage: 0-28 
Angle de Bragg maximum: 78° 
Amplitude de balayage: (0,60 + 0, 14 7 tg 8) 0 

Valeurs determinant la vitesse de balayage: 
0 0,: ., 0.4. cl' ·, 0.0 I 8. v.,: ··· I O min 'en 8. T,,,.! ~ 70s 

Controles 
d'intensite 

Ri:ftexions choisies 306,036, 326 
Periodicite Par heure 

d'irradia tion 

Conditions d'afflncment 

Controles 
d'orientation 
14,0,0: 1100. 0,0, 10 . 
Toutes les 100 

tachcs 

Nombre de reflexions pour afflnemcnt des parametres reticulaires: 
2S 

Nombre de reflexions cnregistrces: 2202 
Nombre de reftexions indi:pendantes: 2202 
Nombre de reftexions utilisees: I 6511 II> 2a(l)I 
Nombre de variables affinees: 227 
Facteurs de reliabili1e 

R = ~(klF0 I - IF,1)/::,: klF.,I = 4,6% 
R = 1::.: w1(klf.,I - IF,.1)2/~ w1k 2FJl"1 = 6,1% 

• Ces valeurs ont ete definies par Mossct. Runnel & Galy ( 1977). 

figurent dans une precedente publication (Mosset, 
Bonnet & Galy, 1977). 

La structure a etc determinee par deconvolution de la 
fonction de Patterson et series de Fourier. L'affinement 
a ete conduit de la maniere suivante: 

- affincment par moindre carres avec agitation 
thermique· isotrope sur tolis les a"tomes · (hydrogenes · 
exceptes): R = 0, 125. 

- affinement avec agitation thermique anisotrope sur 
ces atomes: R ""' 0.066. 

- localisation des atomes hydrogene par fonction 
difference. 

- un cycle d'affinement portant sur les coordonnees 
et un facteur d'agitation thermique isotrope moyen 
pour !es atomes d'hydrogene. 

- affinement enfin, avec agitation thennique 
anisotrope sur tousles atomes sauf les hydrogenes, ceux­
ci etant simplement introduit dans le calcul: R = 
0,046.• 

Description de la structure et discussion 

Le Tableau 2 rassemble les coordonnees atomiques des 
atomes de soufre, d'oxygene, d'azote et de carbone, 
tandis qu'au Tableau 3 figurent les coordonnees 
atomiques et les coefficients d'agitation thermique 
isotrope des hydrogenes; dans ce tableau !es ecarts­
standard ne sont pas indiques puisqu'il n'y a pas eu 
d'affinement final sur ces atomes. 

Les distances et angles interatomiques des deux 
molecules du complexe, avec leurs ecarts-type, sont 
resumes dans !es Tableaux 4 et 5. 

Les plans moyens des di!Terents cycles presents dans 
le complexe ont ete determines et figurent dans le 
Tableau 6. 

• Les listes des facteurs de structure ct des facteurs d'agitation 
thermique anisotrope ont etc deposees au depot d'archives de la 
British Ubra~y Lending Division (Supplementary Publication No. 
SUP 32668: 7 pp.). On peut en obtenir des copies en s'adressant a: 
The-Executive Secretary, International Union of Cryslal!ography, 
13 White Friars. Chester CHI INZ, Angleterre. 

Tableau 2. Coo.rdo1111ees atomiques (x 104) des atomes 
lourds 

La numerolation adopti:c est cellc decrite dens Fig. I. 

X )' z 

C(l} • 3667 (3) -'744 ll) 1018 (S) 
. C.(2) 3572 (4) -1351 (3) .SO (S) 

C(3l 4204 (4) -2131 (3) -88 (4) 
C(4) 4927 (4) -2313 (3) -959 (4) 
C(SJ 5017 (4) -1682 (3) -2033 (4) 
C(6) 4387 (4) -9os m 2057 (4) 
N(7) 5544 (3) 3083 (3) 910 (4) 
S(S) 2850 (I) 226 ( I) 1071 (I) 
0(9) 2538 (3) 456 (2) -306 (3) 
0(10) 3406 (3) 896 (2) 1855 (4) 
N(II) 1711 (3) -8(3) 1856 (4) 
N(l2) I 583 (4) 6040 ()) 2067 (5) 
C(l3) 1158 (5) 6626 (3) 2979 (6) 
Cll4) 624 (4) 6163 (3) 3979 (6) 
C(IS) 738 (4) 5226 (3) 3722 (5) 
N(l6) 1396 (3) 5159 (3) 25'74 (4) 
C(17) 2411 (6) 6176 (5) 1195 (7) 
C(l8) 1319 (6) 7634 (4) 2973 (7) 
0(19) 327 (3) 4536 (2) 4251 (4) 
C(20) 913 (6) 368 I (6) -386 (7) 
C(21) 1433 (6) 2896 (5) 16 (8) 
C(22) 1964 (5) 2871 (4) 1223 (7) 
C(23) 1972 (5) 3642 (4) 2063 (6) 
C(24) 1422 (4) 4400 (3) 1680 (6) 
C(25) . 891 (5) 4421 (4) 436 (7) 
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Le schema general de la disposition des deux 
molecules dans le rescau cristallin est donne en 
projection sur le plan (00 I) a la Fig. 2. 

Du point de vue de la conformation des deux 
molecules, les longueurs et angles de liaisons sont 
analogues a ceux rencontres dan~. la _ litterat~re, aussi 
bien en ce qui concerne la sulfamlam1de (Alleaume & 
Decap, 1965) que l'antipyrine (Singh & Vijayan, 1974). 

Comme l'avaient deja observe ces auteurs, le cycle 

Tableau 3. Coordonnies atomiques (x 101) et facteurs 
d'agitalion thermique isotrope des atomes d'hydrogene 

X 

305 
411 
555 
447 
586 
523 
192 
110 

JI 

· -,123 
-257 
-182 
-42 

-322 
-358 
-12 
-30 

z B (A 1) 

-83 4,7 · 
-93 4,7 . 
284 3,7 
291 4,3 
175 5,2 
30 5,0 

276 s,o 
150 4,9 
463 4,9 

Tableau 4. Distances interatomiques (A) 

C(l)-Cl2) 
C(2)-C(3) 
C(3)-C(4) 
C(4)-C(5) 
C(S)-C(6) 
C(6)-C(I) 
C(4)-N(7) 
C(l)-5(8) 
S(S)-O(9) 
S(S)-O(10) 
S(8)-N(II) 
C(2)-H(020) 
C(3)-H(030) 
C(S)-H(050) 
C(6)-H(060) · 
N(7)-H(070) 
N(7)-H(07 I} 
N(2l)-H( 110) 
N(ll)-H(l 11) 
N(l2)-C(l3) 
C(l3)-C(l4) 
C(l4)-C(l5) 
C(15)-N(l6) 

1,379 (6) 
1,390 (6) 
1,394 (6) 
1,406 (6) 
1,386 (6) 
1,379 (6) 
1,369 (S) 
1,754 (4) 
1,44S (3) 
l,429Ul 
1,591 (4) 
1,02 
1,06 
1,05 
1,10 
0,94 
1,02 
0,93 
1,00 
1,349 (6) 
1,366 (7) 
1,406 (8) 
1,396 (6) 

N(l6)-N(12) 
N(l2)-C(l7) 
C(l3)-C(l8) 
C(IS)-O(19) 
N( lh)-•\.(24) 
C(20)- C(2 I) 
C(21)-C(22) 
C(22)-C(23) 
C(23)-C(24) 
C(24)-C(25) 
C(25)-C(20) 
C( 14)-H(l40) 
C(l7)-H(l70) 
C( 17)-H( 171) 
C( 17)- H( 172) 
C( 18)-HI 180) 
C(l8)-H(18I) 
C( 18)- H( 182) 
C(20)-H(200) 
C(21)-H(2l0) 
C(22)-H(220) 
C(23)-H(230) 
C(25)-H(2SO) 

1.405 (5) 
1,415 (7) 
1,504 (7) 
1.248 (5) 
1.417 (6) 
1.380 (9) 
1,356 (9) 
1.400(8) 
1,360 (7) 
1.387 (8) 
1,353 (9) 
1.02 
0.87 
1,13 
1,11 
1,00 
0.95 
1,13 
1.09 
0,97 
1.03 
I.OS 
0.99 

H(020) 
H(030) 
H(050) 
H(060) 
H(070) 
H(07I) 
H(I 10) 
H(III) 
H(l40) 
H(l70) 
H(l71) 
H(l72) 
H(l80) 
H(181) 
H(l82) 
H(200) 
H(2 IO) 
H(220) 
H(230) 
H(250) 

9 
299 
248 
261 

90 
98 

647 
bSS 
563 
667 
784 
779 

143 4,2 
36 5,4 
35 S,4 

361 4,9 

de la sulfanilamide est plan, ainsi que chacun des cycles 
de l'antipyrine. L'angle diedre forme entre les plans 2 et 
3 est de 63,6°, alors qu'il n'est que de 12° entre les 

C(6)-C(l)-C(2) 
C(6)-C(l)-S(8) 
C(2)-C(l)-S(8) 
H(020)-C(2)-C( I) 
H(020)-C(2)-C(3) 
C(l)-C(2)-C(3) 
H(030)-C(J)-C(2) 
H(030)-C(3)-C(4) 
C(2)-C(3)-C(-l) 
N(7)-C(4)-C(3) 
N(7)-C(4i-:,.C(S) 
C(3)-C(4)-C(5) 
H(0S0)-C(5)-C(6) 
H(0S0)-C(S)-C(4) 
CC6>-c<sr-cc4> 

219 
40 

156 
228 
237 
46 

H(060)-C(6)-C(I I) 
H(060)-C(6)-C(S) 
C(l )-C(6)-C(5) 
H(070)-N(7)-C(4) 
H(07 l)-N(7)-C(4) 
O(10)-S(S)-O(9) 
O(10)-S(S)-N(I I) 
O(10)-5(8)-C(I) 

. 78j 
366 
236 
225 
362 
498 

.120,4 (8) 
119,3 (8) 
119,7 (7) 
121 
118 
120,1 (8) 
118 
121 
120,4 (8) 
I 19,8 (8) 
121,7 (7) 
118,4 (8) 
120 
119 
120,6 (8) 
121 
119 
119,9 (8) 
112 
113 
118,2(4) 
107,5 (4) 
106,9 (4) 

195 4,9 
289 4,9 

· plans 1 et 2 indiquant que les dcux cycles benzeniques 
sont scnsiblement paralleles. 

-129 5,9 
-54 4,4 
ISi S,O 
301 5,3 

24 5.1 

La seule difference notable avec les resultats 
anterieurs concerne !'angle entre les cycles benzenique 
et pyrrolique et l'antipyrine, celui ci semble varier d'un 
compose a l'autre traduisant une rotation possible 

Tableau 5. Angles lnteratomiques ( 0
) 

O(9)-S(S)-N( II) 105.S '(5) H(l7l)-C(l7)-N(l2) 109 
O(9)-S(8)-C(ll 108,6 (4) H( 181)-C(l 8)-C(l 3) 106 
N(I 1)-5(8)-C(I) 109,4 (4) H(l80)-C(l8)-C(l3} 97 
H(l 10)-N(l l)-S(B) I09 H(182)-C(l 8)-C(l 3i Ill 
H(l 1 l)-N(l 1)-S(8) 126 H (200)-C(20)-C (25) 119 
C(l3)-N(l2)-N(l6) 106,6 (7) H(200)-C(20)-C(2 I) 118 
C(13)-N(l2)-C(l7) 128,2 (8) C(25)-C(20)-C(2 I) 120.S (8) 
N( 16)-N(l 2)-C( 17) 118,3 (9) H(210)-·C(2 l)--C(22) 112 
N(l 2)-C(l3)-C( 14) 1 1o;s {6l H(210)-C(2 l)-·C(20) 126 

. N(12)-C(l3)-C(l8) 119,5(8) C(22)-C(2 l)-C(20) 120,1 (9) 
C( 14)-C( 13)-C( 18) 129,9 (9) . H(220)-C(22)-C(21) 117 
H( 140)-C( 14)-C( 13) 123 H(220)-C(22)··Cl23) 123 
H(l40)-C( 14)-C(IS) 127 C(2 I l--C(22)-C(23) 119,6 (9) 
C(IJ)-C( 14)-C(lS) . 108,0 (9) H(230)-C(23)-C(24l 120 
O(l9)-C(IS)-N(l6) 121,3 (8) H(230)-C(23)-C(22) 119 
O(l9)-C(l5)-C(l4) 132,6 (7) C(24)-C(23)-C(22) 119,6 (8) 
N( 16)-C(I S)-C(l4) 105,7 (9) C(23)-C(24)-C(25) 120,1 (9) 
C(IS)-N(l6)-N(12) 108,S (9) C(23)-C(24)-N( 16) 118,9(7) 
C( I 5)-N( 16)-C(24) 124,5(8) C(25)-C(24)-N( 16) 120,9 (8) 
C(15)-N(l6)-C(24) 120,0 (5) H(250)-C(25)-C(20) 123 
H( 170)-C( I 7)-N(12) 120 H(250)-C(25)-C(24) 116 
H( 172)-C( 17)-N(l 2) 131 C(20)-C(2S)-C(24) 119,7 (9) 
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3340 STRUCTURE DE LA SULFANILAMIDE-ANTIPYRINE 

autour de la liaison N(l6)-C(24) reliant ces deux 
cycles. 

Du point de vue de !'arrangement moleculaire, nous 
pouvons observer que la cohesion du reseau cristallin 

Tableau 6. Plans moyens d'atomes 

Plan I: -{0.70636)x- {0.49633l!· + (0.S0410)z + 2.19525 ~ 0 

A.tomes di:finissant le plan 

C(I) 0,002 A C(4l o.006 A 
C(2) 0,001 C(S) -0.003 
C(3} -0.00! C(61 -0.007 

A utres atomes 

N(7) -0,001 A 0(9) -0.529 A 
S(B) 0,043 O(IO) -0,550 

Plan 2: -{0,82855}-c - (0.33637)y + (0,44762)z + 2.92083 "0 

A tomes di:flnissant le plan 

C(20) .:.0,011 A 
C(21) 0.005 
C(22l 0,009 

C(23) · 
C(24) 
C(25) 

-0,017 A 
0,012 
0,002 

Plan 3: -(0,83248)x - (0,00822)}' - (0,SS400)z + 2,87883 = 0 

Atomes dellnissanl le plan 

N(12) 0,036 A 
C(l4) -0,006 
N(l6) -0,033 

Autres atomes 

C (l 7) -0,409 A · 
C(18) -0,102 

X 

C(13) 
C(IS) 

-0,023 A 
0,028 

0(19) 0,176;,\ 

est assuree par trois types de liaisons hydrogene, deux 
d'entre elles liant !es molecules de sulfanilamide tandis 
que la troisieme assure le partage d'une molecule 
d'antipyrine a celle de sulfanilamide (Tableau 7 et Fig. 
3). 

L'examen de la Fig. 2 montre que les molecules de 
sulfanilamide s'organisent suivant une helice dont l'axe 
est confondu avec l'axe cristallographique z delimitant 
unc sorte de tunnel dans lequel s'inserent les molecules 
d'antipyrine. 

Ces travaux confirment d'une part !'existence de 
liaisons hydrogene veriflant ainsi l'hypothese emise par 
Alberola ( 1976) fondee sur une etude par spectroscopie 
infra-rouge, d'autre part le role preponderant de l'azote 
N(I I) de la fonction sulfonamide, dans la formation du 
compose moleculaire I : I sutranilamide-antipyrine. Ce 
rcsultat est comparable a ceux obtenus par Shefter & 

Tableau 7. Liaisons hydrogene 

0(9)1 .. , H( 11011 

0(9)1, • ,N(l 1)11 

N(l 1)11 -H( 110)11 .. ,0(9Y 

0(10)" .. · H(070)1 
0(10)1• .. , N(7)1 

N(7Y-H(070~ .. ,0(10)" 

0(19)1• .. ,H(l 11)' 
O(19)1•, .• N(IIY 
N(l 1)1-H(I I l)'• .. Q(l9)" 

9 Soufre 

• Carbone 
• O•ygene 

* Azote 

I -. 

I --,.-• 

2,074 A 
2,985 
171,9° 

2,090A 
2,964 
152,8° 

1,944 A 
2,915 
161,8° 

Fig. 2. Projection de la structure sur le plan (00 I). 
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SERGE ALBEROLA, FERNAND SABON, JOEL JAUD ET JEAN GALY 3341 

* AIQIII' 

V 

L. iv 

Fig. 3. Projection de la structure sur le plan (001): liaisons hydroitene. 

Sackman (1971) pour le complexe sulfanilamide­
sulfathiazole et par Leger, Alberola & Carpy ( 1977) 
pour !'association sulfacetamide-cafeine. 

Le CNRS, la DORST, et la DESR ont apporte leur 
aide materielle a la realisation de ce travail. 
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In the process of studying melting points of eutectics of binary systems in which one of the components was a 
high melting point, nonmelting, or heat-decomposable organic salt or molecular compound, an observation was 
made that low melting point eutectics were the easiest to form when the second component [ of the system] was 
an organic acid. When the components in the amount of 2 - 5 grams were mixed in a tube, a quite noticeable 
decrease in temperature was observed. For example, in the calcium lactate - chloroacetic acid system the 
temperature decreased from 29 °C to 21 °C, while in the calcium levulinate - chloroacetic acid system it 
decreased from 21 °C to 16 °C; during this process, a quite noticeable melting occurred. This phenomenon can 
be used to identify high melting point or nonmelting salts by means of selecting acids that, together with these 
salts, form eutectics that melt in the temperature range convenient for observation. 

Using our contact method of eutectic temperature measurement [1 - 4], we selected as tests a number of acids 
that, combined with the salts to be identified, formed eutectics with melting points in the range of IO °C - 120 
°C (see Table l ). The purity of the salts was checked by titration of a sample in the amount of approximately 
0.04 - 0.05 g in 20 ml of glacial acetic acid using 0.1 N perchloric acid in the presence of crystal violet indicator. 
This salt titration method was developed earlier by N. A. Izmailov and N. P. Dziuba [5] ([for the salts] Nos. l -
5, 7, 10 - 13 [in the Table]) , and we were the first to analyze the remaining salts [in the Table] using this 
method. However, the purity of ammonium oxalate and of sodium trioxyglutarate was determined by other 
methods since they dissolve poorly in glacial acetic acid. The salts under Nos. 17 - 24 were pure substances of 
pharmaceutical grade. The eutectic temperature measurement was performed using oven-dried salts containing 
water of crystallization. The numbers under the horizontal lines1 in the table cells refer to crystal hydrates of the 
salts. 

For eutectics with melting temperatures below room temperature, the measurements were performed on a 
specially designed small table described in the paper by one of the authors [6]. 

It is evident from this Table that the results of parallel measurements agreed rather closely, and the differences 
did not exceed I - 2 °C. When identifying salts by this method, it is possible to use crystal hydrates, eliminating 
the need for the salt to be dried. 

[Translator's Note: There are no lines· in th·e cells of Table l of the Russian Original. However, note the alignment of 
numbers in the cells.] 
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2 

Table 1 

Identification of' Salts and Molecular Compounds by Eutectic Temperature Measurement 

---------· ·-··-- ·-·· ·--·-·- -··---··--·---···--· -··· - . -- . 

i Eutectic melting point when contacting with acids 
, L---------r-------•·· -·-·-------- -----···-,------ --·-·· -· I Percentage! Mandelic acid: Maleic acid I Crotonic acid ! Phenylacetic acid : Chloroacetic acid No. !salt 

1 
· ! (melting pointi (melting point (melting point; (melting point i (melting point ---+------ I 118°C) ·--•·- 13l

0

C) 70°C) ! 75°C) i 6l-62°C) 

Is d. r I JOO JO I : :;:~ ! : :~:! ;~:~ ;;·~ 23.0 

····· .. J-0.1:.~.~~::~-ate I . ::g ::;:! 1 :~:~ ~~~·-·· _ _l ___ ·-·-·~~~-·- ... 
I 1 

117.4 116.9 56.2 
I 0.0 Lower than 

114.5 115.9 50.3 11.0 23 
114.5 116.9 50.3 I 

. ·--·--· ··--·· -··--·--··-· --·------- ·---···-----·-----+-----···-··- ·-··-·-·---·······-· .. ] ... _ .. 
11u 65.7 I 

C I . 99 50 118 I I 1.8 66.4 J 3 a ctum lactate • 112.3 66.4 i 

4 Trisodium citrate 

113.3 66.4 I ····-·-···-·-•· ..... ·•·····•····- -·-·-·-··•·--··--·· '""-·· ·r· 
115.9 101.6 75.0 
114.9 101.6 
111.3 101.0 

99.80 

110.3 99.0 

14.5 
15.0 68.5 

70.S 
-·--·-··· ·····----·-········----···-··· ··-·-·· ··-···. ··••····- ···---·--· ··---·-··--·-···--·· ---·-----1 

5 Sodium formate J00,40 

115.8 
115.8 
112.3 
113.5 

116.4 
116.4 

63.3 
62.9 
64.1 
62.9 

17.5 
19.0 
15 

17.5 
19.0 

25.0 

-•····•·····--······-· ···---·-····-·-· -·· ------··--···-···-·--· ... 

6 Sodium mandelate 99.96 

7 ,Lithium salicylate 99.68 

118.0 
118.0 
116.9 
115.9 

118.0 

96.6 
96.6 
91.6 
92.6 

120.4 
120.4 

112.8 9 1.s 
8 'Sodium trioxyglutarate 

112 3 
93.S 

. 93.5 
i. -·· ·····-1--··-· ···· ·· · I 
I 102.0 l 99.6 I 

68.5 
67.S 65.2 
65.3 65.0 
66.8 

--·-·--- ..... ····--- - .. . - .. ····----- - ·•· --
33.5 
34.0 24.0 
35.0 23.0 
34.0 

I . I I 
9 ! Ammonium oxalate i 102

·
0 

I 
98

·6 1 · - 1 61. 9 i I 98.3 I . 94.5 i 
97.6 92.S I 

···I-·-· ·•·--··-····· ·- -··-·-···---·-·--····----1--·-·---··-·-,·--·----····-!-···-··-··--•--··· ·····- ·--··. 

il2-amino-benzene-sulfamido-
106

·
0 l 93 5 I j 

lo h. I d' ( lf: I 99 30 I 104·0 
'1 94°5 54.o 

20.0 

10.0 
9.0 
IO.O 

33.4 

30.5 
30.0 jl 1azo e so tum norsu aso . . l00.0 • I i 56.0 

l1sodium) I I 91 7 ' . . · 100.0 · . , ! . 
! •· ·- ··-- ·-·· - - -·-·--•---t---. ·-·--· -·-·- ,--- . ·-·····•-- ►--••·' --······-- -··· ............ •,----· --·-·· ······-·-- _, ·- ••••• ·····---------

11-Phenyl-2,3-dimethyl-5- i l 77.0 ! ! 
11 :Pyrazolone-4- 1 100

_
50 

: 
1 

77.0 
:mcthylaminomethylene-sulfonate; 80.5 76.S 
!sodium1 (analgin) ! 81.0 , 76.5 

43.2 
45.5 

•--••-•----- ••-- - •••n •••----• •••--- - •- • •• • ""'" ••• •••-•--• • •-••-••-• • • ••••• -•- ----•-•~•• •- ••••• --••- • •-• • 

[Translator's Note: All relevant analgin aliases at http://www.chemindustry.com/apps/chemicals contain "methane" 
instead of "methylene".] 
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Eutectic melting point when contacting with acids 
--------r---~-------------·----·---·---;·····------··-

114.9 119.4 51.3 
·oouble salt of 3,7• 

12 ·dimethylxanthine sodium and 
'sodium salicylate (diuretin) 

100.50 
113.5 119.0 51.3 
I 00.2 111.3 41.0 

6.0 

109.7 112.3 42.0 

3 

13 :~°.~:~~ s~l~~!~~cetamide. _____ ' .. !~!~ i _____ :.i;?__ i.. :;:: --~··-------- 1 ---·--~~·-··· ---·-····--·-·-•·· I I . I • 

; ; i i • 22.0 : 24.5 

\ 14 icalcium levulinate I IOO 04 I 118 O ' • i 22
·
0 I 23

·
5 I 

l·-·1·s··-!s· ·-d·.····- -h--1 -·-----4--9·9··•s. 4·1·····1--1··-6·3 _ _J~~---, ,.:, j -- ::t_~---: :-:--------·-·· ·--······ .. ! 
i : o ium p eny acetate I • : • 116.3 ! 36.0 I 10.0 
~·--·-+------·- -··-···········-·-l---- -·-· : -··-·· .. --- ........ --····--t· ·- ----··· ·,·····--·- ·---··-·· ········· --- ...... ··I 

' 16 'c 1 · h 1 9989 ' 1180 128.4 · 14•0 1 32.o : '. a c1um p eny acetate • • , 128.4 j 14.5 32.0 
. . . -·· .. . . . .... . . ·-· .. -- ... ··--- - ·1 .. -·----··, ·- -- .. ·•···---- ··-- ··!·-·· j 

17 '1,3-dimethylxanthine 3 sodium • • I 99.6 ! i I 

18 1;~;:;;i~:~ ~ - - -- I- [~;;--1·· . .. . ··--·--· .. -i------··---·-···. ··-·! 
ethylenediamine (euphylline) · 
~--• --• --•--••-• ••••••••-•• 0 -- -- H--••- • --•••-- - •--~ •-• --••• • ••-• •-- - •••-- ••-•••- --•-•-•-•• ••••- ••--·--• ,._.,, • 

19 
Sodium diethylbarbiturate 102.0 _ _ 69.0 
(medinal) IOl.5 69.5 

20 Bismuth subsalicylate 

-- .. ·---49.2··· --- -- ---··-·---····· 1 

__ ·---·-··4?:1 ___ ······· ·•··· .. ... I 

21 
Sodium ethylisoamylbarbiturate 
(barbamyl) 

! .. , ---- ... ·····-.. - ··········-······ 
! 

22 
12-Ethoxy-6, 9-diaminoacridinium 

104.0 
104.0 

. ------ ---------/ 

117.4 
117.4 

I • lactate (rivanol) . 
L .......... ···-··--·-··-·-·~·-··--··--·-···--··•-· -----+------+-·- __ _,_ ____ .,.. 

23 Caffeine sodium bensoate 
·91.6 
92.1 

45.0 
46.0 

--·--··- ····--· ·-··--·---···· ······-·····----··· t-----+-·-··---·----·· -····-· ···--- ---- ........ ··-------- .. . 

24 
Sodium benzenesulfonchloramide 96.6 99.6 

98.6 I 99.6 

45.1 
46.1 

I+ 3H20 (chloramine B) 
... ·•·· . --------- .. ,. .... ·-·- .... ·--- ·-·. - ·····--·•l. ... --.-·-··•······ ...... !._ ·--------··•· .. ······'- ------·---······. ------·-·-··. 

! 

.. ! 
I 
I 

Since there exists a possibility of chemical reactions between salts and acids, we set ourselves the task of finding 
out whether the eutectics we had studied were of binary systems consisting of components under investigation or 
[ of systems] consisting of products of possible interaction between these components. In order to do that, let us 
consider the melting temperatur~s of eutectics of the systems under investigation in the presence or absence of 
such a chemical interaction. 

Let us denote the reactants (the salt and the acid) by the subscript I, and the reaction products (the salt and the 
acid) - by the subscript 2. Three following alternatives are possible: 

l. The salt and the acid fonn an eutectic without a chemical interaction: 

salt1 + acid 1 

eutectic1 

no 

interaction 
(salt2 + acid2 were not produced) 

eutectic2 

The melting point of the eutectic1 -:/:- the melting point of the eutectic2• 

2. The salt and the acid in the solid phase enter into an exchange reaction, and the observed eutectic melting 

[Translator's Note: In the Russian Original: the "d" in" dimethylxanthine" was missing. ] 
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point value is that of the resulting salt+ acid system: 

interact · 
salt1 + acid1 
no eutectic1 in the solid phase 

salt2 + acid2 
eutectic2 

4 

3. The salt and the acid that cannot interact in the solid phase form an eutectic and interact in the molten state. In 
this case, the eutectic melting point of the newly formed system should differ from the observed one: 

salt1 + acid 1 

eutectici · 

form an eutectic melt 

in which they interact 
salt2 + acid2 
eutectic2 

The melting point of the eutectic1 'I- the melting point of the eutectic2• 

In addition, when an interaction takes place, it is feasible that the following eutectics can be formed: four binary 
system eutectics 

as well as four eutectics of three component systems and one eutectic of a four component system, 

We studied three acid + salt systems and determined the eutectic melting points of all possible binary systems 
that could be formed as a result of such combination. The results are presented in Table 2. 

Table 2 
No. 

I 

2 

3 

4 

5 

6 

I 

2 

3 

4 

5 

6 

2 

3 

4 

5 

6 

Sodium benzoate 

Sodium phenylacetate 

Sodium benzoate 

Phenylacetic acid 

Sodium benzoate 

Sodium phenylacetate 

Sodium salicylate 

Sodium phenylacetate 

Sodium salicylate 

Phenylacetic acid 

Sodium salicylate 

Sodium phenylacetate 

Calcium levulinate 

Calcium levulinate 

Calcium levuliilate 

Phenylacetic acid 

Calcium phenylacetate 

Calcium phenylacetate 

. Components 

System I 

Phenylacetic acid 

Benzoic acid . 

Sodium phenylacetate 

Benzoic acid 

Benzoic acid 

Phenylacetic acid 

System 2 

Phenylacetic acid 

Salicylic acid . 

Sodium phenylacetate 

Salicylic acid 

Salicylic acid 

Phenylacetic acid 

System J 

Phenylacetic acid 

Levulinic acid 

Calcium phenylacetate 

Levulinic acid 

Levulinic acid 

Phenylacetic acid 

Eutectic melting point (degrees) 

I 1.0; 10.0 

122 

115 did not melt 

51.5; 52.5 

122 

15.0; 16.0 

22.0; 23.0 

155 

150 did not melt 

66.5; 67.5 

154 

15.0; 16.0 

23.5; 24.5 

19.5; 16- 18.0 

56 softened 

14; 12-- l3 

7.8; 6.7 

32.0; 32.0 
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5 

It is apparent from the table that there were no interchange reactions because in the systems contammg 
phenylacetic acid and sodium benzoate or sodium salicylate, the melting points of the mixtures of sodium 
phenylacetate and benzoic or salicylic acids that may form as the result of chemical interaction (Systems I and 2 
in Table 2), were the same as the melting points of pure acids. Therefore, the observed eutectic melting points of 
the system sodium benzoate + phenylacetic acid (l l - 12 °C) and of the system sodium salicylate + phenylacetic 
acid (22 - 23 °C) pertain to systems without chemical interaction in the solid phase. Also, there was no reaction 
in the eutectic melt because, when the solidified melt of the phenylacetic acid + sodium benzoate or sodium 
salicylate mixtures was heated, we had observed only the melting point of phenylacetic acid (7S 0C) rather than 
the eutectic melting point of the sodium phenylacetate + phenylacetic acid system ( l S - 16 °C) or that of the 
phenyiacetic acid and benzoic acid system (S 1.5 - 52.5 °C). 

It was somewhat difficult to assess the presence of chemical interaction in the phenylacetic acid + calcium 
levulinate system (with eutectic melting point of23-:- 24 °C) b.ecause the melting point of the eutectic that could 
form as the result of the interchange reaction in the calcium phenylacetate + levulinic acid system (7 - 8 °C) is 
below the eutectic melting point of the reactant system. Therefore we had constructed a state diagram of the 
calcium levulinate + phenylacetic acid system using the thermal method (see the Figure). The system turned out 
to be convenient for the study since calcium levulinate is one of the few salts that melt at relatively low 
temperatures ( 110 - 114 °C). While frequent supercoolings and glass formation hindered the construction of a 
precise state diagram, nevertheless, it is possible to locate in the diagram a few points indicative of the existence 
of chemical interaction in the melt of the components. 

0 . lfl ,o 10 

40 

lO 

Both the singular poirit corresponding to the melting point of 33 °C for 
levulinic acid, and the point corresponding to the eutectic of the 
calcium levulinate + levulinic acid system ( 18 - 19 °C), are clearly 
visible in the diagram. The formation of levulinic acid and of its 
eutectic with calcium levulinate was possible only as the result of a 
double exchange reaction between phenylacetic acid and calcium 
levulinate. Such a displacement of levulinic acid is natural because the 
dissociation constant of phenylacetic acid is equal to S.2xl0·5, while 
that of levulinic acid is equal to 2.55xl 0·5

_ However, it should be taken 
into account that the dissociation constants of these acids were 
determined for water solutions, while here chemical interactions in the 
component melt were involved. 

At the same time, we detected the formation of an acid salt having a melting point of 17 °C, with the following 
chemical composition: 

and with composition 1: I. 

In the diagram of the calcium levulinate + levulinic acid system, no eutectic having a melting point of 23° was 
found since this is a system with chemical interaction. The method of contact melting offers advantages over the 
thermal method because the formation of an eutectic occurs when the components are in contact with each other 
in the solid state rather than in the melt. Therefore this method makes it possible to detect the eutectic of the 
initial components [7]. 

Conclusions 

·I. We discovered that organic salts in combination with many organic acids were capable of forming 
binary systems characterized by low melting point eutectics. 

2. We proposed a method for identification of salts and molecular compounds by measuring melting 
points of eutectics of binary systems composed of the salt to be identified and acids used for testing. 
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3. We constructed a state diagram of the calcium levulinate + levulinic acid system and established the 
presence of chemical interaction. 

Received on March 18, 1959 
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H.YPIIA/I <»HSH'll!J-CBOil XHMHH 

T,XXXIY 1.960 

IICCJIE)J;OBAHD.E 8BTEKTH'IECKOI'O IlJIABJIEfflilH CH.CTEM, 
COCTOHII(HX H3 OPI'AHH1IECKHX COJIE1l H KHCJIOT 

M. x. I'AYBMQ,ff u B. JI. PyfiqoBa 

B npo:u;ecce nay'lemm re11mepaTyp mrnn11c11H.11 anreKTHK 6uoapau.x cncteM, 
ll COCTllll l.OTOphl.X BXO.D;RT B ]:(8'18C'tB8 0,11.ROrO IiOMIIOHen·ra ryromrnBKJle, Be­
DJIBBHm;HeCH mm paanara.10m;nec11 :ap:e: sarpeaauun opra:an11ecKne co,rn mm Mo­
.nenym1p1n,1e C08.!(llB8HJ1R, 6wno c,n.enaBo ua6mop;e_mre, 'ITO nene. scero o6pa­
ay IOTC.I[ l!Jf3KOIIJI8BKB8 l:lll'reKTHl<H, ROrAa DTOp!,!M l(OMl10H011TOM JIBJIJl6TC!I 
opraBH'lecKa11 rmcnota. Ilpn: cuewemm u upo6HpRe 2-5 a HO'AmommToB na6-
mo.n.aercn ll8C.bMa t18M8THOe DOHil.)f(8Hlfe Te!lmeparypr,i. Ta.H, 1:1:anp11uep, D CHC­

TllMB IIIOJIO'iBORifCJlbl!i IUIJlbll;llft - :irnopyRcycRan IOICJlOTa Te:r.meparypa IIO· 
m1:11u11.1c1, c 29 J."IO 21 °C, a H cucreMe. JieHyJrnHono1tHCJtYii Ran:&:u;Hi - xJiopyR­
cycHaH lWCJIOTa C 2i AO 16°C; IIpH 3TOM H.D;8T B8CbM8 81UleTH00 IIJiaDJ'l8RJ-le, 
3ro .IIBJICIUlO MO>KRO lfCIIOJlb30BaTI, AJI-'l Il]."18HfflcpHKaIJ;llI:1 BhICOKOUJIBBKHX. II 

1-1en11asm:i:tllXC.II COJl8Ji IIyTeM IiOAOOpa ICHCJIOT, AUIO~lfX ('. comn,rn 8BT8KTIIKII, 
llJllllUl'lil;lf6CR D Y.11001-IOM 1(1Ifl H801IKIA8Hllfl IIHTElpBll,!18 T8h!II!lp8Typ. . 

IloJJL3Y.RCL paHee pa.apa6oramu,w H8MH .KOHTB.KTHhIAI M8TOAOM onpe)\eJle­
Hll.ll TllMUeparyp DJI8BJl0Hll.11 8BT0KTHR [1-41, )ILi DOA06pamr B K8'18CTB8 Tec­
TOB P.IIA KHCJIOT, .D;lllOW,KX C HJ\CUTU-cpllr(HpyeMLIMH COJI.RMH 8BTeKTHRB 1 DJl!lB!i· 
1u;11ec.11 e rrpOAeJiax 10-120° (Ta6n. 1). l!ncro1·a cOJI8ll np0Hep11nac1, TJ1tponn-
1meu HI.IDOCRH, uopJl,!I.Ka 0,04-0,05;: B 20 M.11 6eBBOAHOH yKcycH0:11. KIICJIOTbl 
0,1 N XJIOpBofi IUICJIOTOii B I!pllCytCTBJUI HH.D;HKaTOpa RpHCTll.JI.lJBJIOJI8Ta. Ta­
l<Oi'I 11eroA rnpoeaBHJJ coJieii (M 1-5, 7, 10-13) pauee· pa3pu6orau H. A. 
HaMnitJIOBHM ll H. rr. ,D;aro6oii 15], OCT8JlbHHO COJIH '%'.8Kl:1ltl M8TOAOM auanmrn­
pOBI\JIHCb Ha.HI{ snepeue. McRJIIO'l8RH8 COCTRBJUIIOT m;ae&JI6BOKHCJI!,Ili. amf.0-
HIIU H TpHOKClfrJiytnpOBORHCJU,m: H8Tpmi, "'IIICTOTa l<OTOpHX onpep;emmac& 
1-"IPYrilMH cnoco6a~m, rau uan Olm nnoxo pacmop.1110Tc.11 D JJ0Jl..llHOH Yl{cycmoii 
RRCJIOT8. Conn, OTM0'18Bm,i[e M 17-24, npe,IICT8BJlfllOT co6oii: 'f.HCThI8 ec~e­

CTDU cpapM8.ROll8BHOro Jl.OCTOHHCTB8. Onpe,tteneuue T8MI18paryp m1aanerum 8B­
TBl(Tlllt npODOJl.lW:OCL C COJI.R:MH, BLicymenewm J."10 llOCTOsumoro Beca JI co,qep­
ma~B:MH npBCT8JIJlll88D,BOliHYIO DOAY, D;mflpLr, 110MB~eHITbl0 IlOJl. 'leptoA, OT· 
HOCRTCR K KJJHCTRJIJIOrHAp8T8lf coneii. . 

B T0X CJiyqa.11x, KOr,tta BBT8l<TllKn: IIJIRBHJIHCL npH T8Mlleparypax RU)i(6 l<OM­
Hll1'H01f, Ollp0,ll,CJI8Bll8 npOBOJl.HJIOCL ua Cll8D;lfaJILBOM CTOJill1{8, oim:ca:11ne 1(0-
Toporo ,itaHo n crar:r,o o.a,uoro Ha nae (6]. _ . _ . . 

Ma Ta6mn:vi1 BHJI.BO, •1ro coena.a,aeMOCT:&· napannM:&HhIX onpep;eneHJ:IH ue 
ll!l0.UNmaeT i-2°C. ,lJ;JISI HJl.8HTB4>1ntaI(IUl COJI0ii BTHM CIIOCODOH ?i!O)l(HO DOJIL· 
80B8TLCH KpHCT8JIJIOfJIAP8Ta?t!H, Re npH6era11 H 06eanonorn11m110. 

TaK KaR M8li{J."IY KHCJIOT8MH H COJifll\Uf BOBAIO>RHO XHMit'lllCJ<Oe li88HMOA0H­
CT1'111'8, MLI DOCT8BIIJIH B&}l;B'lY BNSICWITb, npue:a,n.JI0lR8T JIB 11a6moJ1,ae11we BB· 
TCHTIII<H 6n:11ap1:U,l'.M CHCTCM!lll[ B3-'IT:LIX Jl.1IR HCCJI0Jl,0B8Hll.ll KOM!lOHeHTOB HJIH 
B08MOlRBLIM IIPOAYl(TIIM HX B38llMOJl.0llCTBlfll • .D;n:11 3TOil: D,MH pacct.ro·rpm,, npu 
1(8I{HJC TGMl!CpaTypax .IJ;OJI)KHb! D.'IIIBHTbCJI :)BTCIITHJ{H RCCJI0AOB8HHLIX CHCT0M 
upH Il8JIH'iIIU WIS OTCYTCTBBH XHM:ll'l8CROro B88lffl10A8liCTBHIJ. 

06oana'IHM HCXOAKb10 COJII, II IUJCJIOty JfE]."leKCOll 1, a 11ony'l_8JIULIO B }Jeayn:r,­
'J'3TO D3QlfMOA8IlCTDHJI RODl.18 COJIL JI mrcnory-HllACI(CO)f 2. MlrICJlllm,1 tpn 

1:103AIO>RBOCTII,. 

Khi 

Hc:.cneAOB2TIR8 ll 

i ,t~1\ ffACBTll4'm<a1tJJR eo;ieft u lllOneuy 

I; H •••-•nH~ ~~; 

2 

H11T1mii cn.'lllt\B:JIO· iOO, tO 
ROKHClThlll 

Hai·pm'i ~esaoiU!o-
nlt~IILIH 

.Ka:n,l.(Hi! ll!OJIO'IBO· 
KMMhlH 

HaTpHi ZIIIMORRO• 
. KHCJllull T,PCJ:Sll• 

Melll8BHLll!l 

HnTpnn MYPll_!lhll· 
BOllOnRtnhlB 

HnTpnii M1!_1JJl/lllb· 
HOl<l!CJlblR 

Jhnuii CllllHl.ll!/IOBO· 
JUICJlhlH 

lill'?pllii TpROKCIT• 
rnyrapoBOIIIIC• 
llLlll 

AMMODRii ma11e.ne­
llOl<nCl'ILIU: 

100,20 

99,50 

00,80 

100,40 

09,90 

99,68 

2-nMRR0-6CH30ll· 09,30 
cym.<!iamrJio-s:aT· 
PllH·Tllll80Jl (lfOjl· 
cym,<(,aao1I-1111r-
puu) 

i-q>eBIL'l·2,3·ABMA- iOO,SQ 
Tnn-5-n11paao­
no11•4·MBTHnnvu­
BOM8TB118R·COp· 
BT!CTOKltCJILIB 
Datpnii (O.B8llb· 
rJIB) 

Aso.ii1111n r= 3, 7- 100 50 
Al!M8Tl!:Jl·KC3.B· 1 

TIIBHllTpllR C Cli· 
.llllIJ.llll0B0KllC· 
llLIM BIITpueM 
(JlllYpeTHR) . 
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M 12 

Il.TMBJIEHIDI C.HCTEM, 
{ COJIE!r H KHCJIOT 

r. Pyri"{ot1a 

Ill[ 1UlTCRTlU( 6mrapHhlX CHCTOM, 

l(0l\lI10H8HTa TyrormaBHlle, He­

S:WI opraHH'l8CKlfe COJIH .!!JIii MO­

JOA8R110, 'ITO ner'le ecero 06pa­
:op1,1M 1.0MITOireHTOM JIBJI88TC.R 
illpKe 2-5 e TIOMITOU8RTOB Ha6-
taTypLI. Tau, uanpm,rnp, B CR!.l­

a:aR KHcnoTa TeamepaTypa no­
onoKHCJibTii RUJIJ,~IIH - xnopyi.­
T B8CbMa 38M8THOe DJiaBJI0HHe. 

ITH«plU<a~IUI BbICOKOll.'lltBlnlX 11 
)'\ll.£01.1.(lfX C COJIRMH 8BT8XTHK'Jt, 

-epBane TeMnepacyp. 

OHTBK'l'Hh!M JlieTOll,OM onpeAC.110-

M'bI DOA06pa.1m B 1{8'1.8CTH8 TCC-

11\!H com:nm 9BT0KTlmH, mraen­
a coJ10J1 npoeep.enncb THTpoea-
6eaBOABOii. YKCYCHOii JUICJIOT!.I 

IKRTOpa upHCTIIJIJIBll0Jl0T8, Ta­
-13) pauee paapa6oraa H. A. 
COJUI Ta1m.111 J\18T011,0ll! 8H3JTH3H­

IJIRIOT IIJ.IU30JI0BOKl:ICJlhlH IUIMO­

!CTOTa KOTOphlX onpeAeJiflJIRCb 
eopmore11 n ne11,HHOH yKcycuoii 
~Taennro·r co6oii: 'IHCTJ.de Be~e­

Jme TeMIIepaTy p IlJI8BJI0HHff 3D­

AO IIOCTO.!lJ:[HOro eeca U COA8p­
no1.1em;e1mr,rc :i:m.zt qepToit, OT-

, npH T01\f!ICpaTypax BHme HOM­
JILHOM CTOJIIU{8 1 OIIIJCBHII8 liO-

ap8JIJI8JI'hRhlX onpeAeueimii 1m 
ii; 9THM cnoco6oM AIO>KHO IIOJII,­
• o6e:rno,mma:euro. 
lOHrnO XUMH.'ICCK08 Bi!8l·lMO~eii- -

laAJI8>K8T JUI Ha6JJIDA88.MLie 31!­
CJIBAOBSHliR HOMIIOHeHTOB MIJ 
IHI ll'fOH 1(0Jm paCCMOTpHM, llpH 

!KTHIU'I 11ccneno»aHHhlX CHCT8)f 
:aHMOA8HCTBHII, 

:coM 1, a no,11y"IeHHLie B peaym,• 

-ImAeucoM 2. Mb!C.1JHJ11bl Tpu 

ll 
~. 

!11 
,,;:;-u 
·····.;'.· 

::'. j~Ji;: 

Hc:eneAOBa.llR& 9BT8Rm'l00KOro nnasnemrn CJICTeH 2743 

Tall nHu;n 1. 

li,t1.ei1~11rjlmca1tnn conett .11 ll!OneRyn11pt1blX toC,tl.lllleHHll llleTO,tl.OH ODpeA8318HDII reimepa-ryp 
n ll!IBJreJIIUI 3DTell'T1Itt 

Tearnepa,.,,pa nnaMeHMII 8BTCKTIUI npu II011Tllffl'IIPOD8111111 
C mlCJIOT81111! 

M 
%•BOe 

Ha1111euoou11ne co.~eft c:011ep, llpOTORO- ~JrTR- lln!IOXJIOP• 
>tUlUHe llllW;t&lll,llaR 11aneu11oanr1 Ball lllfMD• CycJmH JHCyc;IIUH 

l<llc:tOTll, HKCJtOTa, Ta, ,., nn. l<BCllOTB, RllCJlOTa, 
T. mi. us• \', nn. 181° '10" T. rm. 75° T,IIJI, 

61-62° 

t ffRTpllH CBJl!ll.(l!JIO· 100,10 115,3 115,1 26,0 22,0 23,0 
BOKltcm.n, J-14,8 114,9 25,0 23,0 23,0 

113,3 115,4 18,0 18,3 
114,3. H5,9 17,7 

2 Harpnii 6cnaoii.Ho• 100,20 117,4 . 110,9 56,2 10,0 
IHICJILJii 118,0 117,9 56,7 11,0 Hame 

114,5 1!5,0 50,3 23 
114,5 116,9 50,3 

3 K11.:1t,JlllH IIOllO'iBO· 99,50 118 iil,3 65,7 17,5 
llTICl'll.,JH iH,8 66,4 19,0 

112,3 - 66,4 15 

99,80 
113,3 66,4 

4 HaT1mi ~rll!OHDO·. 115,9 101,6 14,5 75,0 17,5 
K1tcm:,1u Tpexaa • 114,9 i.01,6 15,0 19,0 
MO!D,OllIILIB 111,3 101,0 68,5 

110,3 99,0 70,5 

100,40 
63,3 

5 HRT{IHH MY!lBBbll· 115,8 116,4 - 62,9 25,0 
. - BOBOln!CJIL!ii: 115,8 H6,4 64,1 

112,3 62,9 

09,96 
113,5 

6 ff1lTpl!ii Ml~IIAn.llb· 118,0 96,6 68,5 65,2 
IIORltCJlldB 1i8,0 96,6 67,5 65,0 20,0 

116,9 91 ,6 65,3 

99,68 
115,9 92,6 66,8 

7 Jll'ITIIH camr~BJIOBO· 118,0 120,4 33,5 24,0 
KIIClll,lli 120,4 34,0 23,0 -

35,0 

Harp11ii 112,8 91,5 
34,0 

10,0 8 TpHORClil· 
rnyTR poao11nr.• 112,3 93,5 9, 
m,1ii 93,5 - - 10,0 

0 

9 A:awoauii ~aaene- 102,0 09,6 
BOKBCJlblB 102,0 98,6 - 61,9 33,4 

98,3 94,5 
97,6 92,5 

tO 2-al!IIIIO•ISeHBo.TI· 99,30 106,0 93,5 54,0 30,5 
. cyru.4iru,urn:o-aa'I'• 94,5 56,0 30,0 
puii•TII830JI (Hop- 104.,0 91, 7 -
cym,r~aaon-RaT- 100,0 
puii) 

100,0 

H t-q,ea1m-2,3-wn1e- 100,50 77,0 
. TIIJI•5-nnpaso- . 77,0 
JIOH·4•MeTUJIIIMII, 76,5 43,2 
_ Bouenmou-c~p- 80,5 76,5 - 45,5 -
i:mcromxc.m.rH 81,0 
m1TpHii (aaa.ni.• 
rl?H) 

12 ~BOUll8fl com. 3,7• 100,50 114,9 119,4 51,3 
Jl:Hlol'C'l'Bl1 • RC8 II· 113,5 119,0 51,3 
fflIIIlllTJJllll C ca- 109,2 Hi,3 - 4-1,0 Jll!lll;IIJIOBOKIIC· 109,7 112,3 42,0 6,0 m.i:M H8TpHeM 
(llHYPeTIIR) . 
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·M. X. rnyaMalI II B. 11. Pyl5nosa 

Ta6nl!ltll {npooo11i,cenue) 

TeunepaT'fpa nnae11em111 R'lffl!RTUH npu KOIITOKTHpllUflBII 
C 'HRCl!O'l'&MB 

M II ai11,1eaoDallllO CO/lel! 
')l.•1100 
eo.ttep, 1<1)01'0110• <Pelllt/lTK- IIOROlUIOP• 
111amre MIIIIJl&llLIIIIR M8.11811R'0D3R 881! IIR'C- CVCIIBR TIIC'fl)ll&R 

HRC-nOTtl, MKCIIOTB, .JlOT8, KIICJIO'l'B, NUC/11178, 
T, D/1. llij• T, nn, ISi• T. nn. 70° T, 1111, 75• T, nn. 

61-62° 

13 Cym,4>au1tn-ane,. 99,92 107,7 97,6 45,2 
tumA•BBTpllR 102,0 98,6 - -

u Kom.l{Jl.ii neu,mt- IOIJ,04 118,0 - 22,0 24,5 
BODOKHCJlbl 22,0 23,5 -

18,0 17,0 
18,5 18,0 

15 Hup:alt. 4Jenu.1r· 99,54 116,3 116,3 15,0 
cycBORIICllLI 

U8,0 
tt6;3 36,0 10,0 

t6 Re.m.nuft if>ee:1my1<• 99,89 128,4 14,0 32,0 -
cyCllOKIICJJbl.ii: f28,4 t4,5 32,0 -

17 1,3-mo1eTMKC8B• - - 90,6 - - -
fflB•B&Tpll'.ii: (TCO· 9!1,R 
4>mmB •B'IITpllit) 

18 ,naoft.aaµ com, 1,3- - 112,2 
)111'.8M0TBJl•l(CllB• 112,7 - - -. 
THUR C 9TB.!ICB • 
)IBlll.mBOM (sy-
cj,11'.llJil!ID) 

Ul ,n;m·r111n611p6a:Ty• -- .102,0. - - 69,0 
pOT-l!RT!)IJH (MC• fOt,5 69,5 
J'.!BBllll) 

20 Bn:cwyt can~o- - - - 49·,2 
BOKlirC,m,lii OCll'.OB· 49,7 
110ft 

21 Hatpe:enan com, - 104,0 117,4 
9THJill8011lldl!'..!I 104,0 117,4 - - -
6np6n:Typo110.ii 
Kl!C/lOTU (611p611-
11&1!.ll') 

22 JIRKTIIT 2•STOKCII'.· - - - - 45,1' 
6, 9-)IH&HRKOIUI· 46,i 
p~n (p1n1ason) 

23 Kocj>en11-6eeao!i.BO• ·- - !11,6 45,0 
KKC.m.rii BBTp!!il: 92,1 46,0 

BeuaOJicyn:!.4f>oino- 96,6 99,6 
gaMBA·BaTpd +• 98,6 99,6 - .- -

+ H10 (x11opa1me 

24 

'13) 

t. Com, H KIIO,JIOTa AEIJOT ·eBTeKTURY oes XHMH'ie(:t(Oro naamm.l{eucTBH.R: 

com,1 + KDCJI0Ta1 
3BTCl!TllK111 

'.naoiu,o.11eACTBH.R Jcon"il + KBenora1 ee ·o6paaon11naci.) 
BeT 9BT8KTIUl&a 

T. nn. aBT8KTBKB1+T. on. 3BT8KTIJl!Us 

2. Com, II KHCJIQTEI BCTynamT B TB8pA01i 4>a3e B pe8.R~IIIO o5MeHa, l1 Ha5JUO· 
.l{aemrn T. mi. aBT0KT!IK11 upmta;:tne.-1urr yme o5paaonanmeftc11 u .pe3ym,TaTe 

•if 

il .......... TB.:::;:::,. 
; -~;;::.:; ~ 

ll 
i:t~r: .. · 

com,1 + RIIMOT8 

9BT8KTllKPlt -

:)li':f ' 3. Com, H KHCJJ'OTa, B8C 

\:.)t.o6paayJOT 9BT8KfflKY H pear min JJ8BIDI 8BT8KTHKR BROBb Ofipa 
; <:t:: MlOAQ0l\fOH: ii -. + ·::.::;~~-~ . 

/~;;~( Ilm,nwo sroro, B CJ'I}"iae:. 

\:Vi{ pex aare1<n1K 011sapnux ·cue 

!:~!~f: .. COJIL1 +:co~r.i: C0:!!,1 +1m 

l,;11::f B 'I0TMp0X 3BTeKTIIK Tp.BU{O 
.. ,;:,.;:, <:,HCTellf. . 

.:i:i. . M1,1 nay'IHJIH rpH cncTeM 
>;:nnaBJI8lmlJ 9'RTeKTln< BC0X 6 
tif sym,TaTO CO'ieT:llflllJ. B ra6n, 

HaTpn:i 6e11aoiie:01mc.r11,1ii: 
HaTp:e:i1 1~e11My11cyc11on11cnL1 
HaTpuii 6em1oi1110KBC1Tldii 
l!>e11e:ny11cyca:11.R 1<11cn0ta 
HRTp!!ll: 6e11aoit110K1tcm.iil 
H1np11f1 cf,e1111nyucyc11ot<11cm,1 

HttTPIIU CaJil'l!llfJIOBOKR'CJ!b!li 
Ha-rp11ii cj>ee11ny11cycaone:cn1,1 
HnTps:i CO.HIIIIWIOBOKIIClJblli 
O>eeruzy11cyc1:ia11 11nc.1ora 
HaTpl!H C.IUill!lltllOBOKKC.Jlb!a 
Ha-rpe:A 4>611Rny1111yc110KUC.lbl 

. ')\t~::\L i ~E~::!-E::E::~:~;:E~i 
/Nii'. 4 ©e1111J1ym:ycRRR KIICJIOTll · . 
:f::;.': .. 5 Kam.~e:A q,emmyKuyc1101111~n­
'\i:i '.6 Ham,Q11li 4Jen1myKcyc110 m.m 

·j:i'.i1f:\ Ha nona~bl B~Ro, qro p 

l
:·'f\!fKaK B Cil'CT8MllX, CO,Aep>Ra~K 
'.\'!h<BCJI!aI.ii Wlll CaJIK~WIOBOKIICTI 

'-!;i?tte XIIM:11'18CKOrO eaaUOJJ;8RCT 
~;.{:t~oi HJIII caJim:t8JIOBOH KHCJIOT, 

1:ig!:':\~'e:cnu: KIICllOT. CneAOBIIT6Jlb 
t::;;:;, .. :TeKTRK CBCT8M BaTpffA 6e1rn 

·:.•:l~t:~::·: 
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T 11 6 .II n: ll 11 1 (11pooo.uceuue) 

ine111rn 8BTCIITUK npe K!lllTQIITUpoanRRlt 
C KBCnOTIMI! 

IIODQR 
107a, 
:. 131° 

,6 
,G 

,3 
,3 
,4 
,4· 

,G 
,6 

,2 
,7 

4 
4 

G 
I 

6 
6 

IIPOTOBO• <!)BRBllJH• 140ROJ:JIOI)• 
HR KBC• r.yanan 7KC7CBIA 

110TB, KRMOTa, llllCllOTa. . 
"· nn. 70• T, rm. 75• fi~ 

22,0 
22,0 

18,0 
18,5 

36,0 
i4,0 
U,5 

45,0 
46,0 

45,2 

24,5 
23,5 

17,0 
18,0 

15,0 
16,0 
32,0 
32,0 

G!l,O 
69,5 

49-,2 
4!l,7 

45,f 
46,i 

U'IMR"ISCKOro eaa1mo,tteiicnn:R: 

1ta1 11e o6pasoeamrci.) 
r8RTRBa: 

8BTBKTIIJUi19 

3 B peam:vno o6MeB:a, 11 aa6mo­
o6paaouaeme»c.R B .pe.aym,TnTe 

2745 )f 1, Hec.J1BAOR110RO ooroKr11qecKoro wiaene11nn c.oetei.i ,;·: _______ _;_:_ ___________________ _ 
! N;,:. il88IIMOASHCTBn11 uoaoi CHCTOMe com, + KllCJIOTa:; 
i ;:f . 
:·~: .. , 
t .-5/: COJll>t + KlJC.llOta1 :::;:::7a:e C01ll,9 + KIICJIOTlls 
j !.:·,. 8BtBKtl!IKH1 - B8T 3BTCKTIIKDs 

H{(,... 3. Com, H 1UICJ10Ta, aecnoco6sLie. R »aam&o.rteli:cTBHIO a tuep.rtoii q,ase,­
i :) _. 06pnay10T 9BT8RTHKY H peampymT B nnaue. B 3TOM CJIY'J88 T8Mnepazypa JJ.IIBB­
! ,:.-.,·.-·. JI81'1Hll 9BT8KTBKH BHOBb 06paayrom;ekic11 CP!CTem,I AO.lI>KHa OTJ'UJ'IIITLCJI OT Ha-
: '.\'· fiJUOJt88MOB" . . 

: tfrt COJl~1 + Rl!ICJIOTl\1 o5pa3YJ()T 9BT0Kll'H'l8CKIJU DJ!llll, conLa + KlJCJlOTll1 
: .•·::'·: "'8 l(OTOJlO)( pearRpy!OT: . 
: .. ,_,".. 8BT8K'rDR81 IIDTCKTHKRs 
; '>· T. lin. 11BTeKT1u1ir1 r:fa r. nn. :11rrenrnKH1, 

di: Ilom!lMo aroro, B CJif'lne uanHMO.rteiicrnHH uoaMOmHo o6paaoBaHHe '18Tht­
! :,f· pex 8BT8RTHR 61map1U,TX 'cuCTeM:: 

: !lj:,:•·. . eom,1 +·cont.i; com.1 +1ulcnora,; nircnQTB1 + com,1; Kn:cn0Ta1 + KRcno,111, . -··• 

_:/}: H '10TLipex 8BT8RTB}t Tp8:X:KOMIIOH8HTB'.hIX: H OAHOM - 'l8TL1pe:x:KOMIIOB8HTB.OH 
·?,_.=, ·cHCT8H. 

/)_" MN uay'IRJIH TpiI CllCT;3AUd KHCJIOTa + com, H .onpeAOJIWIH TeW18paTyp1.r 
+t IIJIIIB1IOHHII. DBT0KTUK Bcex 6HHap!Il,IX ClICT8M, Morym;ax o6pa30BIITbC.ff B pe­
:'2\ syJI1>Ta.Te CO'l0TaH11.FI. B Ta6JI. 2 cneAerrhI noJiyqe1m1,1e peaynr,TaTJ.r. 
:}ft. 

T1161rn:o;a 2 ~, Ko,.nontmN 
I T. Ill!, OB'reff• 

'!'UK (a rpaio• 
cu) 

c·11cr·e ld'.8 I 
t Rarpoii. 6eaaoli110K11r.11h1lt <llemi:lKl',ycaaa KRcnoTA 'It ,O; iO, 0 
2 Harpmi: tom11incyr.r101mCJ11JK Bo11ao f!llR mtc.JIOTll 122 
3 Hatpnlt amo no1mcm:,lil: Horpufi ~cu1tT1yKcycaoKnCJIL11i HS ue u.-1. 
4 <llemm~cycnaa 1mcn0Ta EenaoliaoR KIICJIOT!l 51,5;52,5 
5 Harpe: 6ee:aoftaoKHCJlLIH Ee1noltaa11 RIIC.IIOTB 122 
6 Harpe:u 4ieuRJiy1<cycaoK11llJli.til ©eae:nyKcycaaR K1tMora 15,0;16,0 

CHCT8M8 n 
1 ffoTpmi CaJIIIQWIOBOKDCJJldii <Dcawry1<CYCllillI RIIC."IOTII i 22,0; 23,0 
2 HaTpHI qJl!B1IJJYKcycaoK11Mt.1il CllJllllllUIOBafl KIIC.IIOTS 155 
3 Hatptil'ii camI[tRJlOBOKRCJil,lll; Harpnll if>e1rn.1JyKcyc110Km'..'lblii 150 ll8 OJI. 
4 ©e11R~Koyce11R HIICJ'IOT8 Canno;nnuBBR Kllt',JIOTa 66,5; 67 ,5 
5 Ha-rp C8l!RQmIODORl!1".m1ii Canill(lfJIOB811 "RIIMOtll 154 
6 Harpmr ~RBnyKcyca:on 1Icn1,1li <lle1111ny1<cycao11 ttn:CJiora 15,0; 16,0 

C!n c r·e Ma !Ill 
t KMb!lllil: nonym111oeoKl!(;Jli!,lil· I (l)ee:11J1yKcyc11aa KBr.no·ra ·· 23,5: 24,5 
2 K11n1,qd•.jlieay11e:11oeo1<11.:111,1u JleaymrnOBIIJI KBCJIOTII t0,5; 16-18,0 
3 KanbQHII: .nc11yn«BOBOKIIC/ll,tli Kam,!lllA cpe111tnyKcycBORl!ICllt.1i 56 paBMlll"'I. 
4 a»eaenyKeycaaa cCllcnora Jloey1111110BDR RIICJlOra 14; 12-13 
5 RWI1,o;aA t:nl!l.llyK~yc1101mcn:.zll: Jlenynnnon:111 IU!C110Ta 7,8; 6,7 
G Hanbq1tit R1r11y1<cyce:o onm,t',i ©e1111:ayKcyca111r Ktrwor11 32,0; 32,0 rt 

/~:~: 
.. :~::. 
/K. Ha Ta6.r.r1111,1,1 Bl!.J.(HO, 'ITO peaiu:vm naam.moro o6Mena ne HMe.r.rH uecra, Tali 
n·· KaK B C!lCT8MU 1 C0A8p>Ka!Jl;'!X: (j)SHR.r.ryKcycHyro. KKCllOTy R UBTpUJi 68B30Hll0-
\} KBCJUdt WIii CII.Jillll,ILJIOBOKKCJI[,li, CM6CK MOf)"[qlU( o6paaoea.TbCII B peayn:&Ta­
;:{ Te XRMnciecKOI'O 831:UBIO~eifoTBIUI <I>eHllJIYKCYCROKllCJIOro llaTplrn H 08H30H-

i 4> Hoi: mrn can:n~1rnoeon KHCJIOT (c11cTeM&1 I H II, Ta6n. 2) nnau11TC.R a:pH T, on. 

h 

. 
. . 1

··s,· 'lllCT&IX: l(HCJIOT. Cll8AO~BT8JI&H~, HllOJIIOAIIBAU,18 TGMllepaTy phi IIJtllBlIBHIIJi 3B­

T8KTHK CB"CT8M HBTpKH 6ea:iOHHOKHCJI&IH + ql8HWiyKcycB:all KHCJIOTa (U- . 

·-·········· ......... ······----··-.. .. . .. . . .. ··---- --------
I 
1· 
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2746 1\1. x. r.nyar.11111 H B. n. Py6t.10B:i 

12°) B B&Tplllf CRJIH~JIJIOBOKHCJU.tH + iiiesmryucycHOl'I J(HCJIOTa (22-23°) 
OTROCRTCJI R CIICTeM&M oea XIDfH'l6CKOro B3&1IMOA8HCTBIIR B TB8p]tOH cl>nae. 

Pea1rn,B.R B SBTeltTH'leCI<OM IIJ18B8 TBK:JRB He HM8JI8 MecTa, T8K K8K llpH Harpe­
BaBHll aacTLll!mero xr.naea cueceii 4,emmyucycHoif KHCJIOTLI + 1mTpB:i:i 6ea:aoaT 
HJlli C8JUIIVIJIBT H80JIIOA80TCR mum. T. nn.l <J>eannyRCYCHOH l{UCJIOTLI (75°), 
a He T. mr. 3BT8J<TJIK CHCTe~r cl>enrmyI<cycBOKRCJILIU HBTpBii' + $eminyKcyc­
B&R lUICJIOT8 (15-16°) mm q>8HBJlfl(CycnaH H 6e1rnoim:o.R 1mcnoru (51,5-
52,50). 

HeCICOJILl(O CJ!Oll<Hee CYAHTL O BBJIB'lBll XHM.B'18CK0f0 ·B38HMOJt8HCTBlU1 B 
cecreMe 1peHm1y1ccycHa.11 KBCJioTa + neeynm,m·eoKHcnLii Ran1,~rui (T. un; ae­

rei-T1nm 23-24°), TllK KBR T. nn. 8DT8RTIUrn, 

'~j Mory~eri 06paaoean,c11 a peayJib'l'BTe peRI<­
~H OOM8BB CBCTeMLJ H8Jlb~H !p8BUJl8ll;8-

f00 TllT~+ nenyJIRBODO.R KIICJIOTB (7-8°), .ll8ll<BT 
Bllll<O -re~rneparyp,LI TI.ll8!3J181UIR 3BTeKTUKH 

BO HCXOAHOH CHCTelldbl. B Cl3R8H C STUM Mbl no­
crpo111m m1arpar.wy COCTO.Rmrn CBCT8Mhl 

60 JieBymmODOKitCJiblil: ItaJJL~fi + qienmryK-
cycHafI lOICJIOTa, nom,ayJICb T0pMlf<I8CRKM 

40 M8TO)'.\OM (pucyBOK). CHCT8M8 OK88aJI8Cb 

YAOOROl1 wm llBy'lemIB e TOM CMLIC.Tl:e, · 'ITO 
20 .11eBymuraT.KBJib~1tR, OABS H3 aeMHOrHx co­

neu, mtaBHTCJ'I npK OTHOCHT0JlbHO Hl:!31'011 

o 
10 40 50 80 

TeMUepaType, H0-114°. Ilpan~a, cocrae-
'99 'f. .neamo TO'!BOil: ABarpaMMbl COCTORIIHR M:e-

mo.KiT '!SCT&rn nepeoxnamAeBrur H crcHno­

o6pa3osaoe, BCll H<B Ha JtUarpal!ilMO MOiRHO o5napy>HlilTb HBCROJlbUO TO'ieK, 
fK&3blB8lO~X ea 1HlJil'l'!H8 xmm11oci,oro B88HMOAllMCTBIJJI B nnaue KOMIIOH8H­
TOB, 

0T'!8TJIHBO BHAll8 CRHryJIHpH8fI TO'IK8 C TBMnepai-ypoii DJI8BJI8HHR 33°, 
0TBO'tlll0~8.ll nenyn:trHOBOH RHCJIOT8, B 3BT0I(Tlll(8 CllCTeb{bl J18BYJIHHOBOKHCJILIU 

KBJI.&~1:1t. + .11enynH11ona11 1m~o-ra (18-19°). llo.liBJillHHe nesymrnoeoii 1mc­
JIOTLI II 8DTOKTHKH ee C neHymmaTOM J<&JIJ,D;ll'.R B03M0ll<BO .JIRWh B peayJihT8T8 
peaKinm JtBOHHOrO OOM8H8 M8)1(.)zy q,eBHJiy1,cycitoii: KB:CJIOTOft ff JieByJIBBOBO­

l(HCJILl:M J<8JIL~8M. Ta1rne BLIT8CH8BIIEl JI8BYllBROBOii J<HCJIOTLI 3RKOHOM8pHO, 
TRK K81( ROJl.'CT&HTR AHCCO~R81'HR 4>emrn:yKcycaoi KHCJJOTbl pauna 5,2 . 
. 10-5, a JIOByJIHBOBOii - 2,55 -10-1• Ilpn 8TOM CJIBAY8T, OABlll(O, y,1eCTL, "ITO 

HOBCTaBTbl. /\lfCCOJ\H8I{RH 8THX KlICllOT onpe;n;enem.t AJIR BOAHLIX pacTBOpOB, R 
3Jl.8Cb HA0T pe'l.L O XIIUR't8CI<OM Bsarus:o;n;el'iCTBIIB B nnaRe HOamoe:eHTOD, 

0'AJ{OBp8M8HBO 6blJJO OOHapyme110 o6p880B8Im:0 RHCJIOI{ COJIK cocrana: 

(CH8COCI:I2CH1C00)2Ca · C8H6CH2COOH, 

nnasa~eAcR ap11 i 7° H mi:ero~eii cocrau i : i. 
Ha w,tarpaMMe CHCTCMhl uai11>1\KH nenynuosoJ<HCllhlii + 4>cHHJIYRCyc­

naR KHCJIOTa 3BT8KTHJ<a C TeMIICpBT)'JJOll IlJI8BJI8BJIR 23° H8 o6napymeHa, 'HR 
1(81{ 8Tfi CHCTeMa C xrum'i0CKHM BB&RM0}\8HCTBH0M. MeTOA me l(OIJTaKTHOrO 

nnannemrn HMeeT TO npemdym;ecTBO nepe;n; repam'l.eCKIDd, 'ITO nQaBnemrn ae­

TeRTHKH ua6mo;n;aeTC.II npH C01IpHKOCROB81:UIH KOMJlOH8BTOB B TB8pAOM COCTOll­
mrn, a He B IIJI8B8. TTo,noMy OR Il03BOJJB8T o6Hapy>HHT.b !'IBTeKTlmy H CILMliX 

11c:xo1tnhlx KOMnoBearoe I 7 J. 
BLIBOro>I 

1. Ooaapymeua cnoco6aocr1, opraHH'leCKHX coneii n oGpasonaHHIO co 
MROrmm opraBH"IeCRHMB J(llCJIOTaMH 6DHapmu CHCT0lll, xapaI<TBpHsyro~BX­

CR HR3KODJI8BRIUUI 8BT8HTBKaMH. 
2. Ilpe;n;.n:omeu MeTo~ n~eBTH~uica~'im coneit 11 r.ione:Kyn:ilpHNX coeAime­

BHl't DyTeM: Ollpe.n;ene:inrn Ter,mepaTyp n.TIBBJIOBHH 9!3TeKTHl<H oJmapBLIX CHC­

TBM, cocro»mn:x 1!8 HA8HTH4>lU~lIJ)yBMOH COJIH H KHCJIO'rHhIX T8CTOB. 

~-~---------------------------------'-----

Hcc:rcnoaa.HJ1e 

3. IlocTpOeHa AHarpa!<W 

JJ.HH + qie1111nyHcycuaa KHc 
HMOAeilCTBBll. 

.· L M. X. r JI ya Ma ii, A. JI. r 
1223, 1953. 

2. M. x. r II y 8 Ma n, D. II. p 
s. M. x. r n y a M 11 "· n. n. P, 
4. M. x. r li y 9 Ma H, B. n. p 
5. 'H, A. H 8 Ma H II o B, H. Il,' 
6. M. x. r JI Y 311'8 n, Tpyj!.LI 

254, 1957. 
M. x. l' .ti y 3M a H, A. JI. f e 

P. C. M 1111 b II ep, SH4>X' 

EUTECTIC MEL TING 0 

M. Hh. Gluc:· 

Organic salLs have been fou 
. systems characterized by low me 
fying salts and moleculnr compo 
of binary systemB consisting oft 

lt:vulinale + pheuylacel; 
has been established· 
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nyucycunn KHCJJOTa (22-23°) 
,88UMOA8UCTllIUI B T118p,l(OU clJaae. 
HMeJI! M8CTa, TUC KSK IIpB Harpe­
YCHOJf RIICJIOTI.,J + HOTpuil 6eB308T 
.! lp0HH~yKcycuoii KHCJIOTbt (75°), 
OKRCm,m HaTpm"i + 4>0HBJiyKcyc­
lI u 6err:ioima.R KIICJ.IOTLI (51,5-

XAMH'i0CKOro ll88HM0Jt0.HCTl:IHIJ II 
BOBOKHCJJLifi K81U,I{Hii (T. nn. 88-
-240), T8K lill.R T. IIJJ, 8DT8KTHKH 1 

6pa80B8Tf>C11 B pesyJibT8T8 peaK­
a CHCT0MLI KBJILI{HB 4,eminan;e­
nITHOBll.!1 IUTCJJOTS (7-8°), 1I8>KHT 
·epaTy pLI ITJlllBJI0HH.IJ 8DT0KTUKH 
::e:c,•eJ'dl,I. B CB/1311 C aTUM MLI no­
;aarp&MMY COCTO.RB.Illl CBCTBMH 

>KHcm,rii l(81I~mi + cJJemmYK-
:cnow., nom,3yHCL TCpMM'l0CRIIM 

pHcyBOK), CHCTeAla OK888JJ8Cb 
Ill H3Y'l8Hll.lI D TOM cm,rcne, 'ITO 
KRJJL.I{HH, OABB 113 He~morux co­
[TCR DpH OTHOCHTMLHO IW3110ft 
e, 110-114°. IlpaBAa, cocTaB-
1:1oii AHarpaMMbl COCTOBBM Me­
HO nepeoxnam.i:ielllffl 11 cw1mo-

06Hapy>1<HTL B0CK01Il,l(O TO'I0K 1 

llMOJJ;0HCTBlUI D muse ROMIIOH0H-

; T0MnepaTypoii Il1IllBJI8HH.R 33°, 
llKB CIICT8Mi,I JI8BYJIHHOBOKHC1If>Ill 
• Ilo.11Bnemrn neoym-111onoii 1mc­
:.R B03MO>Rli0 JHlmb B peayJJbTllT8 
:ycnoii: KHC.llOTOH II JI0BYJil'IHOBO­
Jl'BHOBOft KHC1IOTl>l sauo110Mep:so, 

YRCYCBOH KUCJIOTH paBBa 5,2 · 
o?,f CJI8AYBT, OAHaI(O, y11eCTL, 'ITO 
:lJI0HLI AJUI BOJtHblX paCTDOpOB, a 
IWI B IIJIBB0 K01tWOHCllTOD. 
>BaBHe KUCJJOii: COJIH COCTaBa: 

; 6HaCH2COOH, 

1. 
·mmOBOKlfCJlblH + clJcHnJJyKcyc:­
BJl8HK.fl 23° Be 06:napymeHa, TaR 
iiCTDll0M. Me-ro;:t me KOBTaKTBOrO 
BpllH'10CKHM, 'ITO JIOHB1I0HHe ·se-

KOMIIOH0HTOB B TB6pJ{OM COCT0.!!'.­
>6HapymHTh 9BT8RTIU(Y Ii CBMFIX 

KllX COJICB I{ o6pa30Bamuo co 
:rax CRCTCM, xapaKt8pH3YIOIJl.BX-

Jieii n M<iJie1<yn11pru.ix c.oeJ].1tHC­
e111111 8BT0l(TIIIUi 6HnapHI,IX Cl'IC-

J( RHCJIOTHLU: T8CTOB; 

Hce.:JCJiOBlllll(B :iBTCKTJNeCIRUl'O mta11Jl8RIJH CHCTe11 2747 

3. IlocTpooea nnarpaama COCTOHHUH C11CT8MT,J JIBBYJIHHOBOJ<HCJIJ,IH J<BlIL­
IJ,HH + tf>ennny1<cycH81I KIICJIOT8 II ycTnHOBJIOHCI H8JIH•mo XIDim'ICCKOro BSR­

IIMOAeicTBHII. 

JUiTEPAT'VPA 

flocTyn1111a 
1s. m. 1959 

1. M. x. r n y B 14 a 11, A. J1. f e pm y H c, H. _E. fer y BBB, m. llpl:11111, lU!MJllf, 26, 
1223, 1!153. • , 

2. M. X. r n y 3M D. :a:, B. n. p y 6 ~ 0 ~ a, ii,. RllalIIIT. XIIMllH, 11, MO, 1950. 
s. M.· x. r n y 3 lf a R, B. n. Py IS q o Ba, H<. o6m;cA lUll,lltlf, 'l:1, 704, i957. 
4. M. x. r n. y 8 ., a 11, B. n. p y IS~ 0 B II, Airre'illoe ABJIO, :M t, tO, 1957. 
5. H. A. If a Mai\ no B, H. n. A am IS o, 'l'p. XHHXC!>H, 2, 1957. 
a. M. X. r n y II M a a, TPYAH 11ayt1110-ucc11e,AosaTBJihCRoro aKcn1Tytt nu11n1 xrv, 18, 

254, 1957, 
M, x. f ll y D !II ll l'I, A. Jl. f e pm y ff c, JI, c. JI a I! II 'I' 1111 R, 'A, E. JI Jl OT K D JI a, 

P. C. M II n 1, Hep, 3H0X, 'l:"I, 21,111. 10, 1304, 1953. 

EUTECTIC MELTING OF SYSTEMS OF ORGANIC SALTS AND ACIDS 

M, Kli. Gluznurn 011d JT, P. Rubtsovc, (Kharkov) 

Summary 

01-ganic salts have been found capable of forming with many organic acids binary 
systems cbal'acterized by low melting eutect-ics. A method has been proposed for identi• 
fying salts nnd molecular compounds by determining the melting points of the eu.tectics 
of binary systems consisting. of the unknown salt 11nd or acid tests. A diogra m of state of 
calcium levulinat.e + phenylar.et.ic acid has been plotted and the presence of chemical 
inleracUon has been eslablisherl. 

11111 

. I 
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