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Appendix 

by P. Heinrich Stahl 

Contents 

1. Usage Frequency of Acids and Bases for Forming Drug Salts 
2. Tables of Salt-Forming Acids and Bases 

List of Salt Formers 
GRAS and ADI 

3. Diagrams 
3.1. Nomographs for Predicting pH Values of Aqueous Solutions of Salts 
3.2. Aqueous Solutions of Lactic Acid 
REFERENCES 

1. Usage Frequency of Acids and Bases for Forming Drug Salts 

In the updated survey [1] of their earlier review [2] on salts of drug sub­
stances, Berge, Bighley, and Monkhouse listed the currently used salt forms 
of drugs based on the monographs in The Martindale Extra Pharmacopoeia 
1993. They found 113 different anions (of which 13 are inorganic) and only 
38 different cations (11 of them inorganic). 

A survey in the 1995 issue of Index Nominum led to the following results: 

Number of drug salts 
with counter-ion acidic basic 

Total 1820 1346 474 

Percentage 73.96% 26.04% 

Involved number of different acids (anions) cations (bases) 

organic 101 23 

inorganic 7 14 

Total 108 37 

The surveys make apparent that acids by far outnumber the bases in their 
function as pharmaceutical salt formers. An important reason for the scarcity 
of available bases may be the fact that several nitrogenous bases themselves 
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330 PHARMACEUTICAL SALTS: 

exert biological and pharmacodynamic activities, and indeed the majority of 
drug substances are bases. Also most inorganic cations, within certain limits of 
concentration and intake, fulfill essential biological functions, and, for this 
reason, they can serve as relatively 'inert' counter-ions only in exceptional 
cases. 

A more realistic picture of the present frequency of use is obtained, when 
current national desk-top references of drugs on national markets are con­
sulted. As an example the German 'Rote Liste 1999' renders the following fig­
ures: 

Number of drug salts 
with counter-ion acidic basic 

Total 820 612 208 

Percentage 74.63% 25.37% 

Involved number of different acids (anions) cations (bases) 

organic 46 9 

inorganic 9 12 

Total 55 21 

Interestingly, although the number of drug salts is less than half of the 
number listed in a cumulative drug inventory, the ratio of basic to acidic drug 
substances is identical. The frequency of the most relevant acids and bases is 
shown graphically in Figs. 1 and 2. 
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Hydrobromide 

-t Tartrate 
i Mesylate 
1 Maleate 

1 Citrate 
Phosphate 

MLClCtlo 

23 Pamoate/Embonate 
• Hydroiodide 
• Nitrate 
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Fig. 1. Distribution of salts with the 15 most frequently occurring acids (anions) 

60 
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PROPERTIES, SELECTION, AND USE 331 

Calcium Sodium 
Potassium 
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S Meglumine 
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I Aiuminum 
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B Piperazine 

T romethamine 
Lithium 

3 Choiine 
3 Diethyiamine 
3 4-Phenyicyciohexylamine 
! Benzathine 

black, mineral bases 
shaded, organic bases 
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Frequency of Salt-Forming Bases [%] 

Fig. 2. Distribution of salts with the 15 most frequently occurring bases (cations) 

2. Tables of Salt-Forming Acids and Bases 

List of Salt Formers 

The comprehensive reviews on pharmaceutical salts hy Berge, Bighley, 
and Monkhouse [1] [2] are frequently referred to when the formation of salts 
of an new chemical entity is considered. While these authors presented the 
results of a survey on the approval status of drug salts 25 years ago, the 
present-day situation is different. Accumulated knowledge and experience 
has led to a reduction of the number of acids and hases regarded as innocu­
ous. Moreover, national health authorities reacted in different ways to certain 
findings in this area. Therefore, it was deemed timely to put up a revised list 
of useful salt-forming acids and hases. 

In the following tables, an attempt has been made to group the salt-form­
ing acids and bases into classes ot first, second, and third choice. The follow­
ing criteria for assignment to the respective classes were applied. 
1. First Class salt-formers are those of unrestricted use for that purpose he-

cause they form physiologically ubiquitous ions, or because they occur as 
intermediate metabolites in biochemical pathways. The first group is typ­
ically and quite impressively represented hy the past and present use fre­
quency of hydrochlorides/chlorides and sodium salts. The second group 
comprises many acids present in food of vegetable origin, or those gen­
erated in the body's metabolic cycles. 
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332 PHARMACEUTICAL SALTS: 

2. Second Class salt-formers are considered those that are not naturally oc­
curring, but, so far, during their profuse application have shown low tox­
icity and good tolerability. 

3. Third Class salt-formers might be interesting under particular circum­
stances in order to achieve special effects such as ion-pair formation, or 
for solving particular problems. Some of them are assigned to this class 
because they have their own pharmacological activity. Also some of the 
acids and bases were used much less frequently in the past. No prohibi­
tive adverse findings are currently known to the author except those in­
dicated in the monographs {cf. Chapt. 12). 
The reader is also referred to Chapt. 5, Sect. 3.3.3, for further comments 

on the classification, also to the remarks on individual acids and bases in the 
monographs of Chapt. 12. 

It is recommended to search for the latest safety records in the RTECS in­
ventory and in literature at the time when a Class 3 acid or base would be 
considered for salt formation with an NCE. 

GRAS and ADI 

While there is a chance to change unfavorable drug properties to the bet­
ter by selecting less commonly used salt formers, there may be limitations 
with respect to the acceptability. Some substances may be considered unob­
jectionable because they are used profusely in food processing. This is indi­
cated by an ADI (= Acceptable Daily /ntake) assigned to them (WHO); in the 
USA, the FDA grants the GRAS (= 'Generally 7?egarded As Safe') status to 
food additives and processing aids [3] [4]. 

The ADI for man, expressed on a body weight basis, is the amount of a 
food additive that can be taken daily in the diet, even over a lifetime, with­
out risk. 

An ADI is assigned by the Joint FAO/WHO Expert Committee on Food 
Additives only to those substances for which the available data include either 
the results of adequate short-term and long-term toxicological investigations, 
or satisfactory information on the biochemistry and metabolic fate of the 
compound, or both. 

An ADI without an explicit indication of the upper limit of intake ('AD/ 
not specified') may be assigned to substances of very low toxicity, especial­
ly those that are food constituents or that may be considered as foods or nor­
mal metabolites in man. 

While the ADI is limiting for the use of additives in food, it has no legal 
significance for the use in drug preparations. Nevertheless, this value serves 
as a reference mark for pharmaceutical applications. 
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PROPERTffiS, SELECTION, AND USE 333 

Abbreviations in Tables 1-8: A: indicates an acidic pK^; B; indicates a 
basic M^: relative molar mass; ADI: accepted daily intake (WHO); n.s.: 
ADI not specified; GRAS: +; 'generally regarded as safe', #: some of the salts 
are GRAS. Values given in italics were estimated with PALLAS pKalc 3.2 
(CompuDrug Chemistry Inc.). 

Intas Exhibit 1005 
Page 8 of 49 

PGR2025-00043



334 PHARMACEUTICAL SALTS: 

Table 1. Acids: Alphabetical Order 

Class Acid M, plfal pKn P^a3 ADl 
up to 

[mg/kg] 

GRAS 
Status 

1 Acetic acid 60.05 4.756 A n.s. + 
3 Acetic acid, 2,2-diehloro- 128.95 1.35 A 
1 Adipic acid 146.14 4.44 A 5.44 A 5 + 
2 Alginic acid 240 000 2.4 A n.s. + 

1 L-Ascorbic acid 176.13 4.17 A 11.57 A + 

1 L-Aspartic acid 133.11 1.88 A 3.65 A 9.60 B 
2 Benzenesulfotiic acid 158.18 0.7 A 
2 Benzoic acid 122.12 4.19 A + 

3 Benzoic acid, 4-acetamido- 179.18 4.3 A 
2 (+)-Camphoric acid 200.24 4.716 A 5.83 A 
3 (+)-Camphor-10-sulfonic acid 232.29 2.17 A 
1 Capric acid (decanoic acid) 172.27 4.9 A n.s. 
3 Caproic acid (hexanoic acid) 116.16 4.8 A 
2 Caprylic acid (octanoic acid) 144.22 4.91 A n.s. + 

1 Carbonic acid 44.01 6.46 A 10.3 A n.s. + 

3 Cinnamic acid 148.16 4.404 A 
1 Citric acid 192.13 3.128 A 4.761 A 6.396 A n.s. + 

2 Cyclamic acid 
Decanoic acid (see capric acid) 

179.24 -2.01 A 

2 Dodecylsulfuric acid 266.40 -0.09 A 
2 Ethane-1,2-disulfonic acid 190.20 -2.1 A -1.5 A 
2 Ethanesuifonic acid 110.13 2.05 A 
2 Ethanesulfonic acid, 2-hydroxy- 126.13 1.66 A 
3 Formic acid 46.02 3.75 A 
1 Fumaric acid 116.08 3.03 A 4.38 A 6 
1 Galactaric acid 210.14 3.08 A 3.63 A 
2 Gentisic acid 154.12 2.93 A 
1 D-Glucoheptonic acid 226.18 3.3 A 
1 D-Gluconic acid 196.16 3.76 A 50 # 
1 D-Glucuronic acid 194.14 3.18 A 

1 Glutamic acid 147.13 2.19 A 4.25 A 9.67 B + 

1 Glutaric acid 132.12 4.34 A 5.27 A 
2 Glutaric acid, 2-oxo- 146.10 2.7 A 4.5 A 
1 Glycerophosphoric acid 172.08 1.47 A 6.19 A 
1 Glycolic acid 

Hexanoic acid (see caproic acid) 
76.05 3.28 A 

1 1 Hippuric acid 179.17 3.55 A 
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PROPERTIES, SELECTION, AND USE 335 

Table 1 (cont.) 

Class Acid Mr plfal P^a2 pAa3 ADI 
up to 

[mg/kg] 

GRAS 
Status 

3 
1 

Hydrobromic acid 
Hydrochloric acid 

80.92 
36.46 

<-6 
-6 

A 
A U.S. + 

2 Isobutyric acid 88.11 4.86 A 

1 DL-Lactic acid 90.08 3.86 A + 

2 Lactobionic acid 358.30 3.2 A 

1 Laurie acid 200.32 4.9 A U.S. 

I Maieic acid 116.08 1.92 A 6.23 A 

1 (-)-L-Maiic acid 134.09 3.459 A 5.097 A U.S. + 

2 Maionic acid 104.06 2.826 A 5.696 A 

3 DL-Mandeiic acid 152.15 3.372 A 

2 Methanesuifonic acid 

Mucic acid (see galactaric acid) 

96.10 -1.2 A 

2 Naphthalene-1,5-disuifonic acid 332.26 -3.37 A -2.64 A 

2 Naphthaiene-2-suifonic acid 208.24 0.17 A 

2 2-Naphthoic acid, i-hydroxy- 188.17 2.7 A 13.5 A 

2 Nicotinic acid 123.11 4.85 A 2.07 B + 

3 Nitric Acid 
Octanoic acid (see caprylic acid) 

63.02 -1.32 , A 

2 Oleic acid 282.45 ca. 4 A 

2 Orotic acid 156.10 5.85 A 8.95 A 

2 Oxalic acid 90.04 1.271 A 4.266 A 

1 Palmitic acid 256.42 4.9 A U.S. 

2 Pamoic acid (embonic acid) 388.38 2.51 A 3.1 A 

1 Phosphoric acid 98.00 1.96 A 7.12 A 12.32 A + 

2 Propionic acid 74.08 4.87 A n.s. + 

2 (-)-L-Pyroglutamic acid 129.11 3.32 A 

3 Salicylic acid 138.12 2.97 A 13.82 A 

3 Salicylic acid, 4-atnino- 153.14 3.25 A 10 A 3.5 B 

1 Sebacic acid 202.25 4.59 A 5.59 A 

1 Stearic acid 284.49 4.9 A ' n.s. + 

1 Succinic acid 118.09 4.207 A 5.635 A n.s. + 

1 Sulfuric acid 98.08 -3 A 1.92 A n.s. + 

1 (-t-)-L-Tartaric acid 150.09 3.02 A 4.36 A + 

1 Thiocyanic acid 59.09 -1.33 A 

2 p-Toluenesulfonic acid 172.21 -1.34 A 

3 Undecylenic acid 
(undec-lO-enoic acid) 

184.27 4.9 A 
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336 PHARMACEUTICAL SALTS: 

Table 2. Acids: Sorted by Increasing pK.^ Value 

Class Acid Afr pA^ai pA'az P'faS ADI 
up to 

[mg/kg] 

GRAS 
Status 

Decanoic acid (see capric acid) 
Hexanoic acid (see caproic acid) 

Mucic acid (see galactaric acid) 

Octanoic acid (see caprylic acid) 

3 Hydrobromic acid 80.92 <-6 A 
1 Hydrochloric acid 36.46 -6 A n.s. -f 

2 Naphthalene-1,5-disulfonic acid 332.26 -3.37 A -2.64 A 

1 Sulfuric acid 98.08 -3 A 1.92 A n.s. + 

2 Ethane-1,2-disulfonic acid 190.20 -2.1 A -1.5 A 
2 Cyclamic acid 179.24 ~ -2.01 A 

2 p-Toluenesulfonic acid 172.21 -1.34 A 

1 Thiocyanic acid 59.09 -1.33 A 

3 Nitric Acid 63.02 -1.32 A 
2 Methanesulfonic acid 96.10 -1.2 A 
2 Dodecylsulfuric acid 266.40 -0.09 A 
2 Naphthalene-2-sulfonic acid 208.24 0.17 A 

2 Benzenesulfonic acid 158.18 0.7 A 

2 Oxalic acid 90.04 1.271 A 4.266 A 

3 Acetic acid, 2,2-dichloro- 128.95 1.35 A 
1 Glycerophosphoric acid 172.08 1.47 A 6.19 A 
2 Ethanesulfonic acid, 2-hydroxy- 126.13 1.66 A 
1 L-Aspartic acid 133.11 1.88 A 3.65 A 9.60 B 
1 Maleic acid 116.08 1.92 A 6.23 A 
1 Phosphoric acid 98.00 1.96 A 7.12 A 12.32 A -1-

2 Ethanesulfonic acid 110.13 2.05 A 

3 (•i-)-Camphor-10-sulfonic acid 232.29 2.17 A 

1 Glutamic acid 147.13 2.19 A 4.25 A 9.67 B + 

2 Alginic acid 240 000 >2.4 A n.s. + 

2 Pamoic acid (embonic acid) 388.38 2.51 A 3.1 A 

2 Glutaric acid, 2-oxo- 146.10 2.7 A 4.5 A 

2 2-Naphthoic acid, 1-hydroxy- 188.17 2.7 A 13.5 A 

2 Malonic acid 104.06 2.826 A 5.696 A 

2 Gentisic acid 154.12 2.93 A 

3 Salicylic acid 138.12 2.97 A 13.82 A 

1 A)-L-Tartaric acid 150.09 3.02 A 4.36 A + 

1 rumaric acid 116.08 3.03 A 4.38 A 6 
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PROPERTIES, SELECTION, AND USE 337 

Table 2 (cont.) 

Class Acid M, P^:^al pATaZ p/fa3 ADI 
up to 

[mg/kg 

GRAS 
Status 

1 Galactaric acid 210.14 3.08 A 3.63 A 
1 Citric acid 192.13 3.128 A 4.761 A 6.396 A U.S. + 
1 D-Glucuronic acid 194.14 3.18 A 
2 Lactobionic acid 358.30 3.2 A 
3 Salicylic acid, 4-amino- 153.14 3.25 A 10 A 3.5 B 
1 Glycolic acid 76.05 3.28 A 
1 D-Glucoheptonic acid 226.18 3.3 A 
2 (-)-L-Pyroglutamic acid 129.11 3.32 A 
3 DL-Mandelic acid 152.15 3.372 A 
1 (-)-L-Malic acid 134.09 3.459 A 5.097 A n.s. + 
1 Hippuric acid 179.17 3.55 A 
3 Formic acid 46.02 3.75 A 
1 D-Gluconic acid 196.16 3.76 A 50 # 
1 DL-Lactic acid 90.08 3.86 A + 
2 Oleic acid 282.45 ca. 4 A 
1 L-Ascorbic acid 176.13 4.17 A 11.57 A + 
2 Benzoic acid 122.12 4.19 A + 
1 Succinic acid 118.09 4.207 A 5,635 A n.s. + 
3 Benzoic acid, 4-acetamido- 179.18 4.3 A 
1 Glutaric acid 132.12 4.34 A 5.27 A 
3 Cinnamic acid 148.16 4.404 A 
1 Adipic acid 146.14 4.44 A 5.44 A 5 + 
1 Sebacic acid 202.25 4.59 A 5.59 A 
2 (+)-Camphoric acid 200.24 4.716 A 5.83 A 
1 Acetic acid 60,05 4.756 A n.s. + 
3 Caproic acid (hexanoic acid) 116.16 4.8 A 
2 Nicotinic acid 123.11 4.85 A 2.07 B • + 
2 Isobutyric acid 88.11 4.86 A 
2 Propionic acid 74.08 4.87 A n.s. + 
1 Capric acid (decanoic acid) 172.27 4.9 A n.s. 
1 Laurie acid 200.32 4.9 A n.s. • 
1 Palmitic acid 256.42 4.9 A n.s. 
1 Stearic acid 284.49 4.9 A n.s. + 
3 Jndecylenic acid 

(undec-lO-enoic acid) 
184.27 4.9 A 

2 Caprylic acid (octanoic acid) 144.22 4.91 A n.s. + 
2 Orotic acid 156.10 5.85 A S.95 A 
I 1 Carbonic acid 44.01 6.46 A 10.3 A n.s. + 
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338 PHARMACEUTICAL SALTS: 

Table 3. Acids: Sorted by Increasing Molecular Weight 

Class Acid Mr pAai pAa2 P^a3 ADl 
up to 

[mg/kg] 

GRAS 
Status 

Decanoic acid (see capric acid) 
Hexanoic acid (see caproic acid) 

Mucic acid (see galactaric acid) 

Octanoic acid (see caprylic acid) 

1 Hydrochloric acid 36.46 -6 A U.S. + 
1 Carbonic acid 44.01 6.46 A 10.3 A U.S. + 
3 Formic acid 46.02 3.75 A 
1 Thiocyanic acid 59.09 -1.33 A 
1 Acetic acid 60.05 4.756 A U.S. + 

3 Nitric Acid 63.02 -1.32 A 
2 Propionic acid 74.08 4.87 A U.S. + 

1 Giycoiic acid 76.05 3.28 A 

3 Hydrobromic acid 80.92 <-6 A 
2 Isobutyric acid 88.11 4.86 A 
2 Oxalic acid 90.04 1.271 A 4.266 A 
1 DL-Lactic acid 90.08 3.86 A + 

2 Methanesuifonic acid 96.10 -1.2 A 

1 Phosphoric acid 98.00 1.96 A 7.12 A 12.32 A + 

1 Sulfuric acid 98.08 -3 A 1.92 A U.S. + 

2 Maionic acid 104.06 2.826 A 5.696 A 
2 Ethanesuifonic acid 110.13 2.05 A 

1 Fumaric acid 116.08 3.03 A 4.38 A 6 
1 Maieic acid 116.08 1.92 A 6.23 A 

3 Caproic acid (hexanoic acid) 116.16 4.8 A 
1 Succinic acid 118.09 4.207 A 5.635 A U.S. + 

2 Benzoic acid 122.12 4.19 A + 

2 Nicotinic acid 123.11 4.85 A 2.07 B + 

2 Ethanesuifonic acid, 2-hydroxy- 126.13 1.66 A 

3 Acetic acid, 2,2-dichioro- 128.95 1.35 A 

2 (-)-L-Pyrogiutamic acid 129.11 3.32 A 

1 Giutaric acid 132.12 4.34 A 5.27 A 
1 L-Aspartic acid 133.11 1.88 A 3.65 A 9.60 B 

1 (-)-L-Maiic acid 134.09 3.459 A 5.097 A U.S. + 

3 Salicylic acid 138.12 2.97 A 13.82 A 

2 Caprylic acid (octanoic acid) 144.22 4.91 A n.s. + 

2 Giutaric acid, 2-oxo- 146.10 2.7 A 4.5 A 

1 Adipic acid 146.14 4.44 A 5.44 A 5 + 
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PROPERTIES, SELECTION, AND USE 339 

Table 3 (cont.) 

Class Acid plfai pJGz pAiaS ADl 
up to 

[mg/kg] 

GRAS 
Status 

1 Glutamic acid 147.13 2.19 A 4.25 A 9.67 B + 

3 Cinnamic acid 148.16 4.404 A 

1 (+)-L-Tartaric acid 150.09 3.02 A 4.36 A + 

3 DL-Mandeiic acid 152.15 3.372 A 

3 Salicylic acid, 4-amino- 153.14 3.25 A 10 A 3.5 B 

2 Gentisic acid 154.12 2.93 A 

2 Orotic acid 156.10 5.85 A 8.95 A 

2 Benzenesuifonic acid 158.18 0.7 A 

1 Giycerophosphoric acid 172.08 1.47 A 6.19 A 

2 p-Toiuenesuifonic acid 172.21 -1.34 A 

1 Capric acid (decanoic acid) 172.27 4.9 A n.s. 

1 L-Ascorbic acid 176.13 4.17 A 11.57 A + 

1 Hippuric acid 179.17 3.55 A 

3 Benzoic acid, 4-acetamido- 179.18 4.3 A 

2 Cyciamic acid 179.24 ~ -2.01 A 

3 Undecyienic acid 
(undec-lO-enoic acid) 

184.27 4.9 A 

2 2-Naphthoic acid, i-hydroxy- 188.17 2.7 A 13.5 A 

2 Ethane-i,2-disuifonic acid 190.20 -2.1 A -1.5 A 

1 Citric acid 192.13 3.128 A 4.761 A 6.396 A n.s. + 

1 D-Glucuronic acid 194.14 3.18 A 

1 D-Gluconic acid 196.16 3.76 A 50 # 
2 (+)-Camphoric acid 200.24 4.716 A 5.83 A 

1 Laurie acid 200.32 4.9 A n.s. 

1 Sebacic acid 202.25 4.59 A 5.59 A 

2 Naphthalene-2-suifonic acid 208.24 0.17 A 

1 Gaiactaric acid 210.14 3.08 A 3.63 A 

1 D-Giucoheptonic acid 226.18 3.3 A 

3 (+)-Camphor-iO-suifonic acid 232.29 2.17 A 

1 Palmitic acid 256.42 4.9 A n.s. 

2 Dodecyisuifuric acid 266.40 -0.09 A 

2 Oleic acid 282.45 ca. 4 A 

1 Stearic acid 284.49 4.9 A n.s. + 

2 Naphthalene-l,5-disulfonic acid 332.26 -3.37 A -2.64 A 

2 Lactobionic acid 358.30 3.2 A 

2 Pamoic acid (embonic acid) 388.38 2.51 A 3.1 A 

2 Alginic acid 240 000 >2.4 A n.s. + 
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340 PHARMACEUTICAL SALTS: 

Table 4. Acids: Sorted by Class 

Acid M, pAal p/fa2 pK,3 ADI GRAS 
up to Status 

[mg/kg] 

Decanoic acid (see capric acid) 
Hexanoic acid (see caproic acid) 

Mucic acid (see galactaric acid) 

Octanoic acid (see caprylic acid) 

Class 1 

Acetic acid 60.05 4.756 A n.s. + 
Adipic acid 146.14 4.44 A 5.44 A 5 + 

L-Ascorbic acid 176.13 4.17 A 11.57 A + 

L-Aspartic acid 133.11 1.88 A 3,65 A 9.60 B 

Capric acid (decanoic acid) 172.27 4.9 A n.s. 

Carbonic acid 44.01 6.46 A 10.3 A n.s. + 

Citric acid 192.13 3.128 A 4.761 A 6.396 A n.s. + 

Fumaric acid 116.08 3.03 A 4.38 A 6 

Galactaric acid 210.14 3.08 A 3.63 A 

D-Olucoheptonic acid 226.18 3.3 A 

D-Oluconic acid 196.16 3.76 A 50 # 
D-Olucuronic acid 194.14 3.18 A 

Glutamic acid 147.13 2.19 A 4.25 A 9.67 B + 

Glutaric acid 132.12 4.34 A 5.27 A 

Glycerophosphoric acid 172.08 1.47 A 6.19 A 

Glycolic acid 76.05 3.28 A 

Hippuric acid 179.17 3.55 A 

Hydrochloric acid 36.46 -6 A n.s. ' + 

DL-Lactic acid 90.08 3.86 A + 

Laurie acid 200.32 4.9 A n.s. 

Maleic acid 116.08 1.92 A 6.23 A 

(-)-L-Malic acid 134.09 3.459 A 5.097 A n.s. + 

Palmitic acid 256.42 4.9 A n.s. 

Phosphoric acid : 98.00 1.96 A 7.12 A 12.32 A + 

Sebacic acid 202.25 4.59 A 5.59 A 

Stearic acid 284.49 4.9 A n.s. + • 

Succinic acid 118.09 4.207 A 5.635 A n.s. + 

Sulfuric acid 98.08 -3 A 1.92 A n.s. + 

(+)-L-Tartaric acid 150.09 3.02 A 4.36 A + 

Thiocyanic acid 59.09 -1.33 A 

Class 2 

Alginic acid 240 000 >2.4 A n.s. + 
Benzenesulfonic acid 158.18 0.7 A 

Benzoic acid 122.12 4.19 A + 
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Table 4 (cont.) 

Acid Mr p/fal p7fa2 p/fa3 ADl 
up to 

[mg/kg] 

GRAS 
Status 

(+)-Camphoric acid 
Caprylic acid (octanoic acid) 

200.24 
144.22 

4.716 
4.91 

A 
A 

5.83 A 
n.s. + 

Cyclamic acid 179.24 ~ -2.01 A 
Dodecylsulfuric acid 266.40 -0.09 A 
Ethane-1,2-disulfonic acid 190.20 -2.1 A -1.5 A 
Ethanesulfonic acid 110.13 2.05 A 
Ethanesulfonic acid, 2-hydroxy- 126.13 1.66 A 
Gentisic acid 154.12 2.93 A 
Glutaric acid, 2-oxo- 146.10 2.7 A 4.5 A 
Isobutyric acid 88.11 4.86 A 
Lactobionic acid 358.30 3.2 A 
Malonic acid 104.06 2.826 A 5.696 A 
Methanesulfonic acid 96.10 -1.2 A 
Naphthalene-l,5-disulfonic acid 332.26 -3.37 A -2.64 A 
Naphthalene-2-sulfonic acid 208.24 0.17 A 
2-Naphthoic acid, 1-hydroxy- 188.17 2.7 A 13.5 A 
Nicotinic acid 123.11 4.85 A 2.07 B + 
Oleic acid 282.45 ca. 4 A 
Orotic acid 156.10 5.85 A 8.95 A 
Oxalic acid 90.04 1.271 A 4.266 A 
Pamoic acid (embonic acid) 388.38 2.51 A 3.1 A 
Propionic acid 74.08 4.87 A n.s. + 
(-)-L-Pyroglutamic acid 129.11 3.32 A 
p-Toluenesulfonic acid 172.21 -1.34 A 

Class 3 
Acetic acid, 2,2-dichloro- 128.95 1.35 A 
Benzoic acid, 4-acetaniido- 179.18 4.3 A 
(-i-)-Camphor-lO-sulfonic acid 232.29 2.17 A 
Caproic acid (hexanoic acid) 116.16 4.8 A 
Cinnamic acid 148.16 4.404 A 
Formic acid 46.02 3.75 A 
Hydrobromic acid 80.92 <-6 A 
DL-Mandelic acid 152.15 3.372 A 
Nitric Acid 63.02 -1.32 A 
Salicylic acid 138.12 2.97 A 13.82 A 
Salicylic acid, 4-amino- 153.14 3.25 A 10 A 3.5 B 
Undecylenic acid 
(undec-lO-enoic acid) 

184.27 4.9 A 
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Table 5. Bases: Alphabetical Order 

Class Base Mr PAal plfa2 p7fa3 ADl 
up to 

[mg/kg] 

GRAS 
Status 

1 Ammonia 17.03 9.27 B # 
1 L-Arginine 174.20 13.2 B 9.09 B 2.18 A 

2 Benethamine 197.28 4.46 B 

2 Benzathine 240.35 9.99 B 9.39 B 

2 Betaine 117.15 12.16 B 

1 Calcium hydroxide 74.10 12.6 B 11.57 B + 

1 Choline 121.18 > 11 B # 
2 Deanol 89.14 8.83 B 

3 Diethanolamine 
(2,2'-iminobis(ethanol)) 

105.14 9.28 B 

2 Diethylamine 73.14 10.93 B 

2 Ethanol, 2-(diethylamino)- 117.19 9.58 B 

3 Ethanolamine {2-aminoethanol) 61.08 9.50 B 

3 Ethylenediamine 60.10 7.00 B 10.09 B 

1 Glucamine, Al-methyl- 195.22 8.03 B 

2 Hydrabamine 596.99 11.92 B 11.32 B 

3 IH-Imidazole 68.08 7.03 B 

1 Lysine 146.19 10.79 B 9.18 B 2.16 A 

1 Magnesium hydroxide 58.33 11.4 B + 

2 Morpholine, 4-(2-hydroxyethyl)- 131.18 7.39 B 

3 Piperazine 86.14 5.68 B 9.82 B 

1 Potassium hydroxide 56.11 ca. 14 B + 

2 Pyrrolidine, l-(2-hydroxyethyl)- 115.18 9.44 B 

1 Sodium hydroxide 40.00 ca. 14 B + 

3 Triethanolamine 
(2,2',2"-nitrilotris(ethanol)) 

149.19 7.82 B 

2 Tromethamine 121.14 8.02 B 

3 Zinc hydroxide 99.38 ca. 14 B 9.64 B # 
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Table 6. Bases: Sorted by Decreasing pK^ Value 

Class Base Mr pK,] pKjri pK.^ ADl 
up to 

[mg/kg] 

GRAS 
Status 

1 Potassium hydroxide 56.11 ca. 14 B + 

1 Sodium hydroxide 40.00 ca. 14 B + 

3 Zinc hydroxide 99.38 ca. 14 B 9.64 B # 
1 L-Arginine 174.20 13.2 B 9.09 B 2.18 A 

1 Calcium hydroxide 74.10 12.6 B 11.57 B • + 

2 Betaine 117.15 12.16 B 

2 Hydrahamine 596.99 11.92 B 11.32 B 

1 Magnesium hydroxide 58.33 11.4 B + 

1 Choline 121.18 > 11 B : # 
2 Diethylamine 73.14 10.93 B 

1 Lysine 146.19 10.79 B 9.18 B 2.16 A 

2 Benzathine 240.35 9.99 B 9.39 B 

2 Ethanol, 2-(diethylamino)- 117.19 9.58 B 

3 Ethanolamine (2-aminoethanol) 61.08 9.50 B 

2 Pyrrolidine, 1 -(2-hydroxyethyl)- 115.18 9.44 B 

3 Diethanolamine 
{2,2'-iminobis(ethanol)) 

105.14 9.28 B 

1 Ammonia 17.03 9.27 B # 
2 Deanol 89.14 8.83 B 

1 Glucamine, At-methyl- 195.22 8.03 B 

2 Tromethamine 121.14 8.02 B 

3 Triethanolamine 
(2,2',2"-nitrilotris(ethanol)) 

149.19 7.82 B 

2 Morpholine, 4-(2-hydroxyethyl)- 131.18 7.39 B 

3 Iff-Imidazole 68.08 7.03 B 

3 Ethylenediamine 60.10 7.00 B 10.09 B 

3 Piperazine 86.14 5.68 B 9.82 B 

2 Benethamine 197.28 4.46 B 
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Table 7. Bases: Sorted by Increasing Molecular Weight 

Class Base Mr pJfai P'faZ Plfa3 ADl 
up to 

[mg/kg] 

GRAS 
Status 

1 Ammonia 17.03 9.27 B # 
1 Sodium hydroxide 40.00 ca. 14 B + 

1 Potassium hydroxide 56.11 ca. 14 B + 

1 Magnesium hydroxide 58.33 11.4 B + 

3 Ethylenediamine 60.10 7.00 B 10.09 B 

3 Ethanolamine (2-aminoethanol) 61.08 9.50 B 

3 I//-Imidazole 68.08 1.03 B 

2 Diethylamine 73.14 10.93 B 

1 Calcium hydroxide 74.10 12.6 B 11.57 B + 

3 Piperazine 86.14 5.68 B 9.82 B 

2 Deanol 89.14 8.83 B 

3 Zinc hydroxide 99.38 ca. 14 B 9.64 B # 
3 Diethanolamine 

(2,2'-iminobis(ethanol)) 
105.14 9.28 B 

2 Pyrrolidine, l-(2-hydroxyethyl)- 115.18 9.44 B 

2 Betaine 117.15 12.16 B 

2 Ethanol, 2-(diethylamino)- 117.19 9.58 B 

2 Tromethamine 121.14 8.02 B 

1 Choline 121.18 >11 B # 
2 Morpholine, 4-(2-hydroxyethyl)- 131.18 7.39 B 

1 Lysine 146.19 10.79 B 9.18 B 2.16 A 

3 Triethanolamine 
(2,2',2"-nitrilotris(ethanol)) 

149.19 7.82 B 

1 L-Arginine 174.20 13.2 B 9.09 B 2.18 A. 

1 Glucamine, A-methyl- 195.22 8.03 B 

2 Benethamine 197.28 4.46 B 

2 Benzathine 240.35 9.99 B 9.39 B 

2 Hydrabamine 596.99 11.92 B 11.32 B 
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Table 8. Bases: Sorted by Class 

Base Mr p/fai p/fa2 pTsTaS ADI 
up to 

[mg/kg] 

GRAS 
Status 

Class 1 

Ammonia 17.03 9.27 B # 
L-Arginine 174.20 13.2 B 9.09 B 2.18 A 

Calcium hydroxide 74.10 12.6 B 11.57 B + 

Choline 121.18 > 11 B # 
Glucamine, A-methyl- 195.22 8.03 B 

Lysine 146.19 10.79 B 9.18 B 2.16 A 

Magnesium hydroxide 58.33 11.4 B + 

Potassium hydroxide 56.11 ca. 14 B + 

Sodium hydroxide 40.00 ca. 14 B + 

Class 2 

Benethamine 197.28 4.46 B 
Benzathine 240.35 9.99 B 9.39 B 
Betaine 117.15 12.16 B 
Deanol 89.14 8.83 B 
Diethylamine 73.14 10.93 B 
Ethanol, 2-(diethylamino)- 117.19 9.58 B 
Hydrahamine 596.99 11.92 B 11.32 B 
Morpholine, 4-(2-hydroxyethyl)- 131.18 7.39 B 
Pyrrolidine, l-(2-hydroxyethyl)- 115.18 9.44 B 
Trometh amine 121.14 8.02 B 

Class 3 

Diethanolamine 105.14 9.28 B 
(2,2'-iminobis(ethanol)) 
Ethanolamine (2-aminoethanol) 61.08 9.50 B 
Ethylenediamine 60.10 7.00 B 10.09 B 
1//-Imidazole 68.08 7.03 B 
Piperazine 86.14 5.68 B 9.82 B 
Triethanolamine 149.19 7.82 B 
(2,2',2"-nitrilotris(ethanol)) 
Zinc hydroxide 99.38 ca. 14 B 9.64 B # 
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3. Diagrams 

3.1. Nomographs for Predicting pH Values of Aqueous Solutions of Salts 

The following diagrams are designed for quickly estimating the pH of 
aqueous solutions of a salt, if the pisTg value of the constituting drug base is 
known. Prediction of pH is particularly useful in cases of intended salts of 
weak and very weak bases. If calculated pi^^ values [5] are entered into the 
diagrams, the expected aqueous pH values and pH ranges of certain salts can 
be estimated even before a compound is synthesized. 

Diagrams are provided for three of the most frequently used acids for 
salts of basic drug substances: hydrochloric, sulfuric, and maleic acid. The 
graphs have been calculated based on exact equations for pH calculation pre­
sented in [7]. 

As tbe pH of an aqueous salt solution depends not only on the nature of 
the constituting salt ions but also on their concentrations, the pH functions 
are presented for the molar concentrations 0.01 to 1.0M. 

How to read pH values from the graphs is shown in Fig. 4,a for the sul­
fates of the weakly basic fungicide econazole as an example, with a calculat­
ed pA'a value of 6.4. For the hydrogen sulfate, Base"^ • HSO4, at concentra­
tions 0.01 -0.1M, the pH would range between 2.2 and 1.55, whereas a 0.05M 
solution of the neutral sulfate, (Base"^)2 • SO|~, is expected to measure pH 4.3. 

Fig. 3, drawn for hydrochlorides, can also be used for salts of other very 
strong acids with values below -1, e.g., for methanesulfonates. The 
course of the pH curves of the bivalent acids demonstrates the extent of the 
typical pH-lowering effect of the acid salts {Figs. 4 and 5; hydrogen sulfates, 
hydrogen maleates). The very low dependence of the pH on concentration of 
maleates exemplifies the buffering effect of organic acids of moderate 
strength. 

3.2. Aqueous Solutions of Lactic Acid 

As described in the monograph on lactic acid in Chapt. 12, the composi­
tion of aqueous solutions of lactic acid depends on the concentration. Fig. 6 
shows the relationship between free and polymerized lactic acids as a func­
tion of the water content. 
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Hydrochloride 

0.50 

6 8 
pKa of Base 

Hydrochloride 

pKa of Base 

Fig. 3. pH of hydrochlorides dependent on the pYi.^ of the conjugate base. Top: Base pK^ 
range 0- 14; bottom: base pK^ range 0-6. 
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0.005 
0.010 
0.025 
0.050 
0.10 
0.25 
0.5 
1.0 

Neutral Sulfate 

Hydrogen Sulfate 

3 4 5 
pKa of Base 

Neutra Su fate 

0.005 
0.010 
0.025 
0.050 
0.10 
0.25 
0.5 
1.0 Hydrogen Sulfate 

p/Ca of Base 

Fig. 4. pH of sulfates and hydrogensulfates dependent on the pK^ of the conjugate base, 
a) Example of reading pH for the acid sulfate (lines entered: c = 0.01M and 0. 1M, resulting pH: 
2.2 and 1.6) and for the neutral sulfate (line entered: c = 0.05M, resulting pH: 4.3) of a weak 

base, p^ra = 6.4 (e.g., econazole); b) base p^^ range 0-14; c) base pA'^ range 0-6. 
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0.005 
0.010 
0.025 

Neutral Sulfate 0.050 

Hydrogen Sulfate 

2 3 

pKa of Base 

Fig. 4 (cent.) 

Neutral Maleate 

Hydrogen Maleate 

0 2 4 6 8 10 12 14 

p/Ca of Base 

Fig. 5. pH of maleates and hydrogenmaleates dependent on the of the conjugate base 
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00--

40 60 
60 40 
Mass Per Cent 

100 Lactic Acid 
0 Water 

Fig. 6. Lactic acid in aqueous solution: free lactic acid (FLA) and degree of polymerization 
(DP) in relation to the total content of titrated acid (TLA), calculated as lactic acid as a func­

tion of the water content (drawn from values tabulated in [6]) 
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Bulk 
concentrations 31 
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Design patent 222 
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rate 19,28,29,32-35,55,56, 
119, 120, 124, 127, 163, 196 

Distillation 194 
Distomer 194, 216 
Distribution 121, 122, 243, 244 
Dosage form 4 
Drug 
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Effectiveness 242, 243 
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Electrolytes 9, 10, 13, 16 
Electrostatic interactions 78 
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Emulsion cream 110 
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70 
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of fusion 50, 70 
of solution 52 
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EPO see European Patent Ojfice 
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Equilibrium solubility 35 
Equivalent mass 118 
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230 
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Eutectic 47 
melting 50 
mixtures 4, 46, 74 
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Excess solid 20 
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Excretion 243,244 
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Eye irritation 123 
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Federal Drug Administration 
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'Generally Regarded As Safe'' 
(GRAS) 126, 268, 332 

Genotoxicity 122 
Gibbs' 
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Habit 197 
Hardness 196 
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of fusion rule 62 
of solution 58 
of transition rule 62 

Hemolysis 3 
Henderson-Hasselbalch equation 

37 
High-throughput screening (HTS) 

135,136 
Homogeneity 196 
Homogenizing 198 
Hot-stage microscopy 50, 69, 72, 

154, 155, 167, 171 
HTS see High-throughput 

screening 
Humidity 99, 196 
Hydrates 46,47,50,51,53, 

55-58, 60, 61, 63, 72, 78, 98, 
110, 172, 173 

Hydration 67 
Hydrogen bonds 51, 58, 78 
Hydrolysis 172 
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Hydrophobic interactions 86 
Hydrophobicity 25 
Hygroscopicity 59, 95, 109, 154, 

155, 163, 171, 172, 186 
Hysteresis 59 

ICH see International 
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IDR see Intrinsic dissolution rate 
Immediate-release (IR) dosage 

forms 103, 121 
Impurities 54, 63, 167, 172, 186, 

200, 207, 239 
Incongruent melting 46, 47 
Induced dipole forces 51 
Infusion 107 
Inhalation 

dosage forms 108, 169 
route 108 

Injection 107 
formulation 169 

in-salt formation 113 
International Conference on 
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Intestinal perfusion 87 
Intramuscular injections 106 
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administration 2, 106 
solutions 187 

Intrinsic 
aqueous solubility 186 
dissolution 171 
dissolution rate (IDR) 30 - 32, 
36, 37, 56-58, 93 
solubility 21, 30-32 

Invention 223, 224, 235 
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dissolution 90, 95, 118 
permeation 95 

Ion exchange extraction 194 
Ion pair 86, 87, 112, 120 
lon-dipole interactions 58 
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equilibria 30 
strength 20 
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constant 10 
equilibria 9, 11, 17 
formation 121 
principle 111 

IR Spectroscopy 4,71,73,75, 
172, 207 

Isolation 193 
Isothermal microcalorimetry 70 
Isotonicity 106 

K 

Keratocytes 110 
Kinetics of phase transformation 

62 

Latent heat of fusion 50 
Lattice energy 78 
LD50 Values 124 
Lipid membranes 84 
Lipophilicity 84 - 86 
Liposolubility 5, 88 
Liquid 

dosage forms 104 
drug salts 96 

Local irritation 5, 123 
log P Value 85, 164 
London dispersion forces 51 
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M 

Magic angle spinning (MAS) 75 
Maillard reaction 100 
Marketing 

approval 6 
authorization 240 

Mass spectrometry 172 
Maximum solubility 25, 

26 
MDI see Metered dose inhaler 
Mechanical properties 97 
Melting 68 

point 4, 50, 96, 163, 171 
range 186 

Metabolism 2, 121, 243, 244 
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chelates 87 
silanolates 260 
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Metastable 44 

form 63, 65, 67, 71 
polymorph 104 
zone 199, 200, 202 

Metered dose 
aerosols 109 
inhaler (MDI) 108, 169, 170 
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Michael reaction 76 
Microcalorimetry 76, 77 
Micro-environmental pH see 

Dijfusion layer pH 
Micronization 109, 174, 175, 

185, 186 
Micronized solids 66 
Microscopy 186 
Milling 3, 67, 96, 174, 195, 

198 
Ministry of Health, Labour and 

Welfare (MHLW) of Japan 
240 

Moisture 63, 76, 98, 99 
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inclusion 87 
modelling 77 

Monotropy 44-46, 52, 53, 
68-70 

Morphology 62 
Mutagenicity 243 

N 

Nebulization 108, 109, 187 
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diffusion layer form 29, 30, 34 
total solubility model 33 

New chemical entity (NCE) 244 
New drug application (NDA) 

244 
New molecular entity (NME) 

244 
New salts 133 
Nitrosamines 322 
NMR Spectroscopy 172 
Non-obviousness 223 
Novelty 223, 224 
Noyes-Whitney equation 29, 30, 

34 
Nucleation 25, 63, 198, 200, 201, 

205 
Nuclei 63 

O 

Optical resolution 4 
Oral 

administration 2 
dosage forms 163 
osmotic system (OROS) 103, 
104 
solid dosage form 169 
solutions 169 
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Organic solvents 152, 153, 159 
ORGS see Oral osmotic system 
OjlwaW ripening 163 
Ostwald's rule of stages 4, 196 
Oxidation 172 

Parenteral 
administration 105 
dosage forms 106, 107 
infusions 2 
injections 2 
nutrition 305 
products 163 

Particle size 56, 66, 89, 92, 109, 
171, 172, 174, 176, 179, 186, 
197, 198 
distribution 89, 174, 204, 206 

Partition 85 
Passive diffusion 85 
Patent 221 

protection 5 
Patentability criteria 223 
Percutaneous application 110 
Permeation 85, 119 
Peroral route 89 
pH 

of hydrochlorides 347 
of hydrogenmaleates 349 
of hydrogensulfates 348 
of maleates 349 
of sulfates 348 
prediction 346 

pH^a,, 22-27, 35, 37, 138, 143, 
159 

Pharmaceutical Affairs Bureau 
{FAB) 240 

Pharmaceutical 
alternative 132 
equivalent 132 

Pharmacodynamics 118, 129 
Pharmacokinetics 5, 118, 246 
Pharmacology 245 

screening 2 
Phase 

diagrams 45,47 
transformation 25, 27 

Phase-solubility 
analysis 54,55 
techniques 20 

pH-Dissolution profiles 32 
Phosphonic acids 86 
Photolysis 172 
pH-Solubility profile 20 - 23, 25 

-27, 34-38, 55, 90, 139, 140, 
143, 146, 158, 172 

pH-Stability profile 76 
Physical stability 4, 95, 107 
Physicochemical properties 49, 

186 
Value 164 

Plant patent 222 
Plastic deformation 97 
Polycarbonic acids 86 
Polymorph predictor 187 
Polymorphism 3, 4, 42, 43, 46, 

55, 57, 67, 75, 156, 166, 170,: 
171, 176, 179, 186, 187, 196, 
197, 204, 207 

Polymorphs 6, 42, 44, 46, 52, 56 
-58, 60, 61, 64, 66, 69-72, 74, 
196, 197, 205, 206, 211, 
232-235 

Polyprotic compounds 13, 22 
Pore size 196 
Potentiometry 20 
Poured density 62 
Powder 

dissolution 29,36 
properties 196 

Precipitation 90, 92, 106, 166 
Preclinical safety 122 
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Preformulatioii 164, 165, 170 
program 89 
studies 171 
team 184 

Pressurized metered dose inhalation 
(MDI) 108 

Prior art 223, 227 
Prodrugs 121 
Propellant 170, 172, 186 
Properties profile 88 
Protein binding 122 
Pseudo-equilibrium solutions 

25 
Pseudopolymorphism 3, 42, 43, 

55, 64, 67, 170, 171 
Purification 192, 193 

R 

Racemate 216 
Raman 

microscopes 71 
spectroscopy 4, 75 

Registry of Toxic Effects of 
Chemical Substances (RTECS) 
268 

Regulatory 
aspects 6 
authorities 6 
requirements 237, 238, 245 

Relative dissolution rate 
32, 33 

Relative humidity (r.h.) 58 
Renal excretion rates 122 
Reproduction toxicity 122 
Residual solvent 197 
Rotating disc method see 

Disc method 
Rubbery state 49 

•^max see Maximum solubility 
Safety 127, 241, 245, 268 

considerations 5 
profile 127 
testing 122 

Salt-selection team 158, 159 
Salt-solubility experiment 27 
Saturation solubility 34 
Scale-up 156, 192 
SCRD Model see Simultaneous 

chemical reaction and diffusion 
model 

Second-Class salt-formers 126 
Seed 25 

crystals 63 
Seeding 198,201,211 
Selection 

applications 229, 235 
inventions 225, 226, 229, 235 
patents 225,229 

Self-association 25, 37 
Self-buffering capacity 30 - 32, 

36, 37 
Sensitization 243 
Shelf life 89, 105 
Sieving 195 
Simultaneous chemical reaction and 

diffusion (SCRD) model 31-34 
Skin 

irritation 123 
sensitization 123 

Slow release 121 
Solid dosage forms 94 
Solid phases 42 
Solid-solid transformations 67 
Solid-state 

form 87 
hydration 60 
NMR 4 
prediction 77 
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properties 78 
stability 35 
transformations 20, 67 

Solubility 1, 2, 3, 5, 20, 53, 54, 
63-66, 73, 85, 88-90, 98, 
104-107, 109, 113, 119, 124, 
127, 150-154, 169-172, 176, 
179, 195, 196 
product 51 
profile 175 
zone 199, 200, 202 

Solubilization 120 
Solution 

aerosol 108 
calorimetry 58 
microcalorimetry 70 

Solvates 46, 52, 53, 58, 72, 73, 
110, 120, 172 

Solvent 197 
Solvent-mediated transformations 

63, 65, 72 
Sorption 59 
Speciation diagram 12-14 
Species distribution diagram see 

Speciation diagram 
Specific surface area 90, 186, 196 
Spherical agglomeration 198 
Spontaneous in-situ micronization 

92 
Stability 74, 77, 120, 121, 171, 

172, 186, 193, 208, 239, 243 
tests 77 

Stable form 63,66,67,71 
Sterilization 105 
Stirring 

rate 203 
speed 198 

Stoichiometric solubility 28 
Storage 

conditions 77 
humidity 77 
temperature 65,77 

Stratum comeum 110, 112 
Subcutaneous injections 106 
Sulfonic acids 86 
Supersaturation 65, 66, 92, 195, 

196, 198, 199, 204, 205, 211 
zone 199, 200, 202 

Supplementary protection 
certificate (SPC) 222 

Surface 
activity 120 
concentrations 31 

Surfactant 172 
properties 112 

Suspension 65, 109 
aerosol 108 

Sustained-release (SR) dosage 
forms 103 

Tableting 67, 97, 98, 173 
Tapped density 62 
Taste 105 
Taste-masking 5 
Temperature scanning techniques 

4 
Tensile strength 97 
TG see Thermogravimetry 
Therapeutic window 127 
Therapeutical equivalents 132 
Thermal analysis 20, 27, 30 
Thermodynamic rules for 

polymorphs 62 
Thermogravimetry (TG, TGA) 

70, 72-74, 154, 155, 166 
Third-Class salt-formers 126 
Tonicity 107 
Topical 

administration 110 
application forms 110 

Total solubility 21, 23 
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Toxicity 122, 127, 242 - 244 
Toxicological 

considerations 5 
effects 118 
profile 124 

Toxicology 122, 245, 268 
Transdermal 

dosage forms 112 
flux 111 
patches 110-112 
route 112 

Transformation 63 
in the solid state 67 

Transition 
enthalpy 52, 58 
temperature 44, 55 

Tme density 62, 186 

U 

W 

Water sorption isotherms 59, 61 
Water vapor 58 

pressure 58 
sorption 95 

Wet granulation 195 
Wettability 186, 196 
Wood's apparatus 171, 175 
Woods die 30 

X 

X-Ray 
diffraction 63, 69, 73, 74, 
186 
powder diffraction (XRPD) 4, 
20, 28, 30, 60, 72, 75, 76, 78, 
154, 155, 206, 232 

Usefulness 223 
Utility patent 222 
UV Spectroscopy 172 

Yield pressure 97 

Van der Waals interactions 
58, 78 

Van't Hoff equation 52 
Vegetable alkalis 1 

51, 
Zone melting 194 
Zwitterions 16, 17, 85 
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Acefylline 321 
Aceglumate 312, 314 
Acetate, trichloro- 87 
Acetazolatnide 114 
Acetic acid 10, 144, 148, 151, 

214, 269 
2-(benzoylaraino)- 287 
2,2-dichloro- 269 
2-hydroxy- 287 

Acetrizoate 318 
Aciclovir 114 
Aclatonium 296 
9/7-Acridine-10-propanamine, 

A,A,9,9-tetramethyl- 256 
Adipic acid 270 
Adipiodone 318 
Aescin 114 
Alginate 320 
Alginic acid 271 
Almitrine 294 
Alprenolol 127 
Alverine 278, 308 
Amantadine 306 
Ambutonium 289 
Amidotrizoate 318 
Amikacine 306 
Amino acids 1, 16, 125, 270 
Aminophenazone 130,284 
Aminophylline 317 
Aminopromazine 282 
Aminorex 282 
Aminothiazoline 274 
Amitriptyline 301 
Amlodipine 273 
Ammonia 310 
Ammonium 310 

Amoxicillin 290,319 
Amphetamine 277, 306 

phosphate 253 
Ampicillin 120, 312 
Ampycine 306 
Antazoline 294 
Apple acid 292 
Arginine 106, 113, 142, 156, 

163, 215, 257, 270, 286, 311 
glutamate 257 

Armstrong'^ acid 296 
Ascorbate 321 
Ascorbic acid 131, 271, 319 
Aspartate 312, 320, 321 
Aspartic acid 131,272,319 
Aspirin 1, 88 
Atracurium 273 
Atropine 1, 114, 306, 307 

methonitrate 298 
Avitriptan 144,146-148,150 
Azatadine maleate 254, 292 
Aztreonam 113 

B 

Bacitracine zinc 325 
Bamethan 130, 298, 306 
Bamipine 114 
Barbexaclone 130 
Barbiturates 128 
Benactyzine 316 
Bencyclane 282 
Bendazac 319 
Benethamine 312 
Benfurodil 306 
B enproperine 114 
Bentiamine 280 
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Benzathine 312 
penicillin 164 

Benzatropine 294 
Benzeneacetate, 2-[2-(diethylanai-

no)ethoxy] ethyl a-ethyl- 255 
Benzeneacetic acid, rac-a-hydroxy-

294 
Benzeneethanamine 

a-methyl- 253 
A^-(phenylmethyl)- 312 

Benzenesulfonic acid 273 
2,5-dihydroxy- 315 

Benzisoquinoline 72 
hydrochloride 70 

5//-Benzo[5,6]cyclohepta[l,2-
Z^lpyridine, 6,11-dihydro-ll-
(1 -methylpiperidin-4-ylidene)-
254 

Benzoates 
acetamido- 258, 314 
;7-amino 320 
methyl 4-chloro- 260 

Benzoctamine 294 
Benzoic acid 31 - 34, 273 

4-acetamido- 274 
4-(acetylamino)- 258 
2,5-dihydroxy- 283 

Benzothiazine dioxide 
2-aminoethanol 261 
lysine salt 262 

2H-1,2-Benzothiazine-3-
carboxamide 1,1-dioxide, 
4-hydroxy-2-methyl-A^-
(pyridin-2-yl)- 261 

Benzphetamine 301 
Benzydamine 130, 303 
(Benzyl)(dodecyl)dimethyl-

ammonium 87 
Benzylamine, a-methyl- 216 
Benzylpenicillin 131, 312, 313, 

321 
Berberine 275, 306 

Besylic acid (besilic acid) 273 
Betahistine 294 
Betaine 278, 285, 293 
Betanidine 306 
Bibenzonium 289 
Bietaserpine 308 
Bile acids 86 
Biperiden 114 
Bisoprolol 282 
Bleomycine 306 
BMS-181885 144, 145 
Brequinar sodium 66 
Bretylium 309 

acid 122 
Brimonidine 308 
Bromhexine 131, 275 
Bromide 126, 288 
Bromocriptine 294 
Bromperidol 114 
Brompheniramine 292 
Brovincamine 282 
Brucine 217 
Buformin 309 
Bupivacaine 37 
Butacaine 306 
Butamirate 278 

citrate 255 
Butan-l-one, 4-{4-[(6-

chloronaphthalen-2-
yl)carbonyl]piperidin-1 -yl} -1 -
(4-fluorophenyl)- 22 

Butane-1,4-dicarboxylic acid 
270 

Butanedioate, sodium 1,4-
bis(2-ethylhexyl)sulfo- 261 

Butanedioic acid 101 
(5)-2-amino- 272 
(-)-L-hydroxy- 292 

Butenedioic acid 282, 292 
Butoconazole 298 

nitrate 252 
Butopiprine 289 
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Calcium 125, 156, 261, 284, 
286, 291, 302 
alginate 271 
carbonate 215 
chloride 53 
hydroxide 142, 214, 312 

Camphophy nine 131 
(+)-Camphoric acid 274 
Camphorsulfonic acid 130, 131, 

217, 274 
(+)-(15')-Camphor-10-sulfonic acid 

275 
Camsylate (camsilate) 130, 131, 

275, 321 
Canrenoate 321 
Caprate 276 
Capreomycine 306 
Capric acid 275 
Caproate 276 
Caproic acid 276 
Caprylate 276, 323 
Caprylic acid 276 
Carbamazine, diethyl- 278 
Carbazochrome 303 
Carbinol, a-styryl- 17 
Carbonic acid 213 
Carboprost 325 
Cefadyl 260 
Cefalexin 319 
Cefaloridin 233 
Cefpirome 306 
CEL 50 26 
Cephapirin sodium 260 
Ceruletide 315 
CGP 6085 100 
CGP 8173 A 99, 100 
CGP 15210 101, 102 
CGP 21495 A 99, 100 
Chloramphenicol 114, 306 
Chlordiazepoxide 97 

Chlorhexidine 110, 269, 285 
Chloride 125, 289 
Chlormethiazole 280 
Chloroquine 77, 130, 284, 302, 

303 
Chlorphenamine 307 
Chlorphenethazine 293 
Chlorpheniramine 111, 277, 292 
Chlorpromazine 114, 301 

embonate 163 
hydrochloride 128 

Chlorprothixene 278 
Cholestyramine resin 311-313 
Choline 98, 130, 215, 278, 303, 

313 
Chromocarb 315 
Cibenzoline 306 
Cimetidine 114, 234 
Cinnamate 278 

phenylmethoxy- 320 
Cinnamaverine 316 
Cinnamic acid 277 

ethoxy- 77 
Citalopram 289 
Citrates 255, 313, 320, 321 
Citric acid 214, 255, 278 
Citrulline 293 
Clavulanate 321 
Clemastine 282 
Clemizole 131,310 
Clidinium 289 , -
Clindamycin 302 
Clofibrate 313,319,321 
Clofibric acid 319 
Clomethiazole 114,280 
Clometocillin 321 
Clomifene 278 
Clonidine 112 
Clopane 250 
Clopidogrel 306 
Cloprothiazole 280 
Clorazepate 321 
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Cloxacillin 312 
Cobalt 273, 302 
Codeine 1, 130, 275, 277, 302 

dihydro- 114, 308, 309 
Codethyline 275 
Copper 302 
Copper(II) sulfate 47, 48 
Corilagin 307 
Corvert 255 
Cotinine 282 
Cyamemazine 308 
Cyclamate 279 
Cyclamic acid 105, 279 
Cyclandelate 294 
Cyclobarbital 313 
Cycloguanyl 301 
Cyclohexylsulfamic acid 129 
Cyclomethycaine 306 
Cyclopentamine hydrochloride 

250 
Cytarabine hydrochloride 251 
Cytosar 251 
Cytosine, D-1 -yS-arabinofuranosyl-

251 

D 

Deaner 258 
Deanol 270, 274, 286, 306, 308, 

314 
acetamidobenzoate 258 

Debrisoquine 306 
Decanedioic acid 304 
Decanoic acid 275 
Deferoxamine 294 
Delavirdine 294 
Deptropine 278 
Desglugastrin 325 
Dexamphetamine 308 
Dexchlorpheniramine 

gluconate 256 

maleate 254 
Dextroamphetamine 277 
Dextromethorphan 277, 289 
Dextropropoxyphene 296 

napsylate 163 
Dexverapamil 37 
Dibekacin 306 
Dibenzoyltartaric acid 217 
Dibromopropamidine 281 
Diclofenac 1, 37, 93, 94, 111, 

113, 114, 128, 130, 228-230, 
314, 315, 322 
A^-(2-hydroxyethyl)pyrrolidine 
37 
potassium 103 
resinate 103 

(Diclofenac)2 • HEP 38 
Dicopper(II) complex, 

tetrakis(acetylsalicylato)- 88 
Dicumarol 88 
Diethanolamine 215, 314 

A^-nitroso- 324 
Diethy lamine 215,315 
Difenidol 301 
Diflunisal 88 
Dihydralazine 114, 294, 306 
Diisopropylamine 114, 270 
Dimecrotate 320 
Dimenhydrinate 131 
Dimetacrine tartrate 255 
Dimethyl sulfoxide (DMSO) 2, 

136, 162 
Dimetindene 292 
Dimetotiazine 295 
Dimoxyline 295, 302 
Diodone 315 
Dioxyline phosphate 253 
Diphenhydramine 131, 272, 278, 

295, 307 
di(acefyllinate) 131 

Diphenylpyraline 131 
Diprinhy drinate 131 
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Diproteverine hydrochloride 32 
Disopyramide 302 
Dithionate 320 
Dobesilate 313 
Dobutamine 291 
Docusate calcium 261 
Dodecylsulfate 280 
Dodecylsulfuric acid 280 
Dolasetron 295 
Dothiepin 301 
Doxycycline 23, 33, 37, 289 

hydrochloride 151 
Doxylamine 306 

E 

Ebastine 282 
Econazole 298, 346, 348 
Edisilic acid 280 
Edisylate (edisilate) 280 
EDTA see 

Ethylenediaminetetraacetic acid 
Embonate 301 
Embonic acid 301 
Enalapril 292 
Ephedrine 32, 111, 306 
Epinephrine 308 
Epolamine 322 
Ergocomine, dihydro- 281, 294 
Ergocristine, dihydro- 294 
Ergocryptine, dihydro- 281, 294 
Ergometrine, methyl- 292 
Ergonovine, methyl- 308 
Ergotamine 306, 308 

dihydro- 294 
Ergotoxine 281 

dihydro- 281, 295 
Erythrocin lactobionate 256 
Erythromycin 256, 284, 291, 305 

estolate 257,280 
lactobionate 256 

monopropionyl- 257 
propionate laurylsulfate 257 

Eseiine 303 
Estolate 280 
Esylate (esilate) 281 
Etamsylate 315 
Ethacridine 290 
Ethamiphylline (etamiphylline) 

131 
Ethane-1,2-disulfonate 280 
Ethane-1,2-disulfonic acid 280 
Ethanedioic acid 300 
Ethanesulfonate 281 
Ethanesulfonic acid 144, 280 

2-hydroxy- 281 
Ethanol 2, 171 

2-amino- 261, 316 
2-(diethylamino)- 315 
2-(dimethylamino)- 258, 314 
2-(pyrrolidin-l-yl)- 322 

Ethanolamine 215, 316 
Ethoheptazine 279 
Ethylenediamine 215, 316 

A,/7'-bis(dehydroabietyl)- 318 
Ai,Ai'-dibenzyl- 312 

Ethylenediaminetetraacetic acid 
(EDTA) 14, 15 

Etifelmine 285 
Etoxadrol 58 
Etybenztropine 289 

Famotidine 234 
Eemstat 252 
Eendiline hydrochloride 251 
Eenoprofen 313 
Eenoterol 289 

bromide 109 
Fenoxazoline 131 
Fenpiverinium 289 
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Fenretinide 76 
Fentanyl 279 
Fentiazac 313 
Fenticonazole 298 
Flunixin 318 
Flupentixol 114 
Fluphenazine 114 
Flurbiprofen 20, 21, 114 
Formiate (formate) 282 
Formic acid 214,281 
Formoterol 282 

fumarate 109 
Fosfomycin 313, 325 
Fostedil 67 
Fullerenes 44 
Fumarate 282, 283 
Fumaric acid 101, 213, 214, 255, 

282, 292 
Furosemide 114 
Furterene 282 

Gluconoglucoheptonate 320 
D-Gluconolactone 256 
Glucuronate 285 
D-Glucuronic acid 285 
Glutamates 257, 286, 312, 320 
Glutamic acid 257, 286, 319 

A^-acetyl- 270, 286 
Glutarate 

2-oxo- 312 
oxo- 287 

Glutaric acid, a-oxo- 286 
Glycerol 171 
Glycerophosphate 320 
Glycolate 287 
Glycolic acid 287 
Glycopyrronium 289 
Glycuronan, L-gulo-D-manno-

271 
Glycyrrhizinic acid 311 
Guanabenz 269 
Guanidines 213 
Guanoxan 306 
GW1818 141 

Gadolinium 318 
Gadopentate 318 
Galactarate 283 
Galactaric acid 283 
Galantamine 289 
Gentamicin 306 
Gentisate 284 
Gentisic acid 130, 283 
Glucamine, A^-methyl- 317 
Gluceptate 284 
Gluceptic acid 284 
Glucoheptanoate (glucoheptonate) 

284 
Glucoheptonic acid 284 
Gluconates 256, 285, 313, 320 
D-Gluconic acid 284 

4-0-/3-D-galactopyranosyl-
256, 291 

H 

Haloperidol 290 
HEP see Pyrrolidine, 

l-(2-hydroxyethyl)-
Heparinate 320 
Heptagluconate 284 
Heptaminol 131 

acephyllinate 131 
Hetacillin 321 
Hexadecanoic acid 300 
1,1-Hexamethylene-p-

tolylsulfonylsemicarbazide 33 
sodium salt 33 

Hexamidine 281 
Hexanedioic acid 270 
Hexanoates, 2-ethyl- 259, 260 
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Hexanoic acid 276 
2-ethyl- 259 

HFA 134a 170 
HFA 227 170 
Hippurate 288 
Hippuric acid 287 
Homatropine 289 
Hycanthone 295 
Hyclate 289 
Hydrabamine 318 
Hydrobromic acid 138, 212, 

288 
Hydrobromide 288 
Hydrochloric acid 138, 144, 145, 

149, 212, 289, 346 
Hydrochlorides 250, 252, 289 
Hydrocodone 114, 277 
Hydrofluoroalkanes 170 
Hydrogensuccinate 306 
Hydrogensulfate 306 
Hydrogentartrate 308 
Hydroxyzine 301 
Hyoscine 289 
Hyoscyamine A-oxide 303 

Ibuprofen 1, 318, 319 
Ibutilide 282 

fumarate 255 
ICI 162846 217-219 
Ifenprodil 308 
Ilosope 257 
1/7-Imidazole 215,318 

1 - {4-(4-chlorophenyl)-2-[(2,6-
dichlorophenyI)sulfanyl]butyl }-
252 

2,2'-Iminobis(ethanol) 314 
Imipramine 120, 301 

hydrochloride 103 
pamoate 103 

Indinavir 306 
Indomethacin (indometacin) 32, 

33, 66, 318 
Inosine pranobex 274 
Insulin zinc complex 164 
locarmate 318 
locarmic acid 318 
lodamide 318 
Iodide 126 
lodipamide 318 

^--Jodopyracet 318 
lodoxamate 318 -r—— 
loglycamate 318 
lopanoic acid 128 
losulamide 318 
lothalamate (iotalamate) 318 
lotroxate 318 
loxaglate 318 
loxitalamate 316, 318 
Iron(II) 282, 284, 306 

oxalate 300 
Isethionate (isetionate) 281 
Isethionic acid 281 
Isoconazole 298 
Isometheptene 283, 308 
Isoniazid 131 
Isoprenaline 306 
Isopropamide 87 
Isoquinoline, 6,7-dimethoxy-3-

methyl-1 -(4-ethoxy-3-
methoxybenzyl)- 253 

Isospaglumate 320 
Isothalamate 318 
Isotonil 255 
Isoxsuprine 290 
Itramin 309 

K 

Kanamycine 306 
Ketoprofen 319 
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Ketorolac 325 
Ketotifen 282 

Lactate 290, 313, 320 
Lactic acid 144, 148, 149, 151, 

214, 290, 346, 350 
Lactobionates 256, 291, 313 
Lactobionic acid 256, 291 
(5-Lactobionolactone 256 
Lactose 100 
Laurate 120 
Laurie acids 120 
Lauryl sulfate (laurilsulfate) 257, 

280, 323 
Laurylsulfuric acid 86, 280 
Lecithin 112 
Leurolium 269 
Levomepromazine 292,301 
Levopropoxyphene 296 
Levopropylhexedrin 130 
Lidocaine 96 
Lisuride 292 
Lithium 125, 289 
Lividomycine 306 
Lodoxamide 325 
Loprazolam 295 
Losartan 321 
Loxapine 306 
LY 228729 288 
Lysidine 308 
Lysine 97, 142, 156, 163, 215, 

262, 286, 299, 319 

M 

Mafenide 269 
Magnesium 125, 156, 284, 286, 

302 

alginate 271 
hydroxide 142, 320 
stearate 101 

Malate 293 
Maleates 254,292 
Maleic acid 212, 213, 254, 292, 

346 
Malic acid 214, 292 
Malonate 293 
Malonic acid 214, 293 
Mandelate 294, 313 
Mandelic acid 294 
Manganese 302 
Maprotiline 114, 295 
Meclofenoxate 299 
Meclozine 114 
Medifoxamine 282 
Mefenidil 103 
Mefentermine 306 
Meglumine 215, 317 
Menbutone 320 
Mepyramine 292 
Mesalamine 32 
Mesylate (mesilate) 294 
Metapramine 282 
Metaraminol 308 
Metescufylline 131 
Metformine 301 
Methafurylene 282 
Methanesulfonate 294 

ethyl 295 
methyl 295 

Methanesulfonic acid 144, 148, 
149, 213, 294 

Methanol, {3-[(ethyl)(heptyl)amino]-
propyl} {4-[(methylsulfonyl)-
methyljphenyl}- 255 

Methapyrilene 282 
Methenamine 274,279, 

294 
Methesculetol 131 
Methyl bromide 289 
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4,4'-Methylenebis[3-hydroxynaph-
thalene-2-carboxylic acid] 301 

Methysergide 292 
Metoclopramide 114 
Metofenazate 280,282 
Metoprolol 104, 306, 308 
Metrizoate 318, 320 
Metronidazole 302 
Miconazole 115, 298 
Midazolam 292 
Miglyol 812 65 
MKS 492 62-64,73 
Modamate 257 
Monoethanolamine nieotinate 

96 
Momiflumate 321 
Morphine 1, 115, 306 
Morpholine 215, 294, 303 

-2-ethanol 320 
4-(2-hydroxyethyl)- 320 

^-Morpholinoethanol 320 
Mucate 283 
Mucic acid 283 
Mycophenolate mofetil 320 
Myristic acids 120 
Myrtecaine 280 

N 

61 Nafragel hydrochloride 
Nafronyl 300 
Naftidrofuryl 300 
Naltrexone 16 
Napadisylate (napadisilate) 296 
Naphazoline 298 
Naphthalene 

-2-carboxylate, 1-hydroxy-
297 
-2-carboxylic acid, 1-hydroxy-
297 
-1,5-disulfonic acid 296 

-2-sulfonate 296 
-2-sulfonic acid 296 

Naphthoate, hydroxy- 320 
2-Naphthoate, 1-hydroxy- 297 
2-Naphthoic acid 31, 33 

1-hydroxy- 297 
Naproxen 319, 321 
Napsylate (napsilate) 296 
Nebracetam 282 
Nedocromil magnesium 55 
Nelfmavir 295 
Neomycin 306 
Nicotinamide ascorbate 131 
Nicotinamide 131 
Nieotinate 298, 323 
Nicotine 112 

"Nicotinie 
acid 130, 297 
alcohol 298, 308 

Niflumic acid 321 
Nitrate 126, 298 
Nitric acid 298 
2,2',2"-Nitrilotris(ethanol) 323 
Nitrites 126 
N-Nitrosamine 324 
Nitrosamines 126 
Nizofenone 282 
Nomifensine 292 : < ) 
Norepinephrine 308 
Noscapine 275,301 
Novobiocin 313 

O 

Octadecanoic acid 305 
(Z)-Octadec-9-enoic acid 
Octanoic acid 276 
Octatropine 289 
Olamine 316 
Oleandomycin 302 
Oleate 299 

299 
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370 SUBSTANCE INDEX 

Oleic acids 120, 299 
Omoconazole 298 
Optimine 254 
Orciprenaline 306 
Ornithine 131, 287, 270 

aceglutamate 286 
aspartate 131 

Orotate 299 
Orotic acid 299, 319 
Orphenadrine 279 
Orthophosphoric acid 302 
Oxaflumazine 306 

succinate 254 
Oxafluminc 254 
Oxalate 300 
Oxalic acid 300 
Oxaliplatine 300 
Oxeladin 279 
Oxetorone 282 
Oxiconazole 298 
Oxitefonium 289 
Oxolamine 279 
Oxprenolol 104 
Oxybuprocaine 70 
Oxyphenbutazone 321 
Oxypyrronium 289 

Palmitate 301 
Palmitic acid 300 
Pamaquine 301 
Pamoates 105, 120, 301 
Pamoic acid 301 
Pantothenate 312,313 
Pantothenic acid 319 
Papaverine 25, 27, 130, 298 

codecarboxylate 130 
teprosilate 130 

Paracetamol 44 
Parathiazine theoclate 131 

Paromomycine 306 
Pasiniazide 131 
Paveril 253 
Pefloxacine 295 
Pempidine 308, 309 
Penicillin 120,259 

phenoxymethyl- 312, 313, 
318,321 

Pentamidine 295 
Pentapiperide 282 
Pentoxyverine 279 ' 
Perazine 293 
Perfloxacine 295 
Perhexiline 292 
PGE-7762928 101 
Phenamidine 281 
Phenazone 130, 303 
Phenbutamide 273 
Phendimetrazine 301 
Pheniramine 292, 304 
Phenmetrazine 131 

theoclate 131 
Phenobarbital 128, 130, 313, 315 
10//-Phenothiazine, 10-(3-{4-[2-

(1,3-dioxan-2-yl)ethyl]piperazin-
1 -yl} propyl)-2-(trifluoromethy 1)-
254 

Phentolamine 295 
Phenylalanine, L-3-hydroxy-4-

methoxy- 252 
Phenylbutazone 31, 313, 321 
Phenytoin 115, 142 
Phosphates 125, 253, 302 
Phosphogluconate 313 
Phosphoric acid 145, 149, 213, 

302 
Phosphory Icholine 313 
Physostigmine 303 
Piberaline 282 
Picolamine 303 ! ^ 
Pidolate 302,313 
Pilocarpine 1,298 

Intas Exhibit 1005 
Page 45 of 49 

PGR2025-00043



SUBSTANCE INDEX 371 

Piminodine 281 
Pinaverium 289 
Pipenzolate 289 
Piperazine 215, 270, 275, 279, 

284, 305, 308, 321 
Pirfinium 289 
Piribedil 295 
Pirisudanol 292 
Pizotifen 293 
PNU-140690 92-94 
Polaramine 254, 256 
Poldine 295 
Polyethyleneglycol 2, 171 
Polymannonuronic acid 271 
Polymyxine B 306 
Polystirex 277 
Potassium 125, 156, 284 

alkoxide 258 
carbonate 258 
carboxylates 258 
hydroxide 258,321 
trimethylsilanolates 260 

Pravadoline 292 
Prazosin 120 
Prednazoline 131 
Prednisolone 21-phosphate 131 
Prenylamine 285,290 
Procaine 316 
Prochlorperazine 163, 280, 292, 

295 
L-Proline, 5-oxo- 302 
Promazine 301 
Promethazine 131 

theoclate 131 
Prop-2-enoic acid, (£)-3-phenyl-

277 
Propamidine 281 
Propan-2-amine, 3-cyclopentyl-iV-

methyl- 250 
Propan-2-ol, 1-chloro- 252 
Propane-1,3-diol, 2-amino-2-

(hydroxymethyl)- 324 

Propanedioic acid 293 
Propantheline 289 
Propicilline 321 
Propiram 282 
Propranolol 120 

hydrochloride 103 
laurate 103 
oleate 96 

Propylene 
glycol 171 
oxide 252 

Propyromazine 289 
Prostaglandin F2a 325 
Proxazole 279 
2//,6//-Purine-2,6-dione, 1,7-

dihydro-1,3-dimethyl-7-
{2- [(1 -methyl-2-phenylethyl)-
aminojethyl}- 251 

Pyrantel 301 
Pyrathiazine 131 
Pyridine 

-2-propanamine, D-7-(4-
chlorophenyl)-Al,A^-dimethyl-
254, 256 
-3-carboxylic acid 297 

Pyiidofylline 131 
Pyridoxal 5-phosphoric acid 

130 
Pyridoxine 279, 293 
Pyridoxol 131 
Pyrimidine-4-carboxylic acid, 

l,2,3,6-tetrahydro-2,6-dioxo- • 
299 

L-Pyroglutamic acid 302 
Pyrrolidine 

-2-carboxylic acid, 5-oxo-
302 
l-(2-hydroxyethyl)- (HEP) 37, 
38, 112, 322 

Pyrrolidone carboxylate 320 
Pyrvinium 301 
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372 SUBSTANCE INDEX 

Quinate 321 
Quinidine 285, 303 

dihydro- 285 
Quinine 1, 275, 282, 303, 306 

R 

Racefemine 282 
Ranitidine 230, 231 

hydrochloride 233 
Reproterol hydrochloride 109 
Reserpine hydrochloride 56 
REV3164 151 
REV5901 140, 141 
Rhodanide 309 
Rhodoquine 301 
Riboflavin 52 
Rilmenidine 282, 302 ,, 
Rimiterol 289 
Ritonavir 197 
Rocuronium 289 
Rolitetracycline 298 
RPRl 11423 174, 176 
RPR111423A 175, 176 
RPR111423B 175, 176 
RPR127963 177-179,181 
RPR127963A 178, 179 
RPR127963B 178, 179, 181 
RPR127963C 179, 180 
RPR127963D 179, 180 
RPR127963E 179-181 
RPR200765 181,184 
RPR200765A 182, 184 
RPR200765C 182, 184 
RPR200765D 182, 184 
RPR200765E 183, 184 . 

Saccharin 105 
Salbutamol 109, 306 
Salicylate 303,313,315,320, 

323 
acetyl- 313 
p-amino- 304, 313, 321 

Salicylic acid 34, 130, 284, 303 
acetyl- 320 
4-amino- 131,304 
hexyl- 122 

Salmeterol 297 
xinafoate 109, 110 

Saquinavir 295 
Saralasin 269 
Scopolamine 112, 115, 289 
Sebacate 305,321 
Sebacic acid 304 
Semotiadil 282 
Sensit 251 
Seproxetine maleate hemihydrate 

101 
Sinecod 255 
Sodium 125, 156, 286 

acetate 259 
alkoxide 258 - r 
bicarbonate 214 
carbonate 214, 258 
carboxylates 258 
cromoglycate 87 
dodecylsulfate 175 
hydride 259 -
hydroxide 142, 214, 258, 323 
lauryl sulfate 257 
salicylate 34 
trimethylsilanolates 260 
valproate 98 : 4; 

Soybean oil 65 
Spaglumate 320 ' , •' v j 
Sparteine 131, 306 
Spiramycin 270 t . 
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Stearate 305 
Stearic acid 305 
Streptomycin 306 

dihydro- 272, 306 
Strychnine 217, 298, 302 
Succinates 254, 306 
Succinic acid 144, 148, 214, 254 
Sulconazolc 298 
Sulfate 306 
Sulfisoxazolc 315 
Sulfoguaj acolatc 315 
Sulfonic acids 138 
Sulfuric acid 138, 212,306,346 
Sultamicillin 309 
Sumatriptan 306 
Suplatast 309 
Surfak 261 
Syncphrinc 275, 308 

Talampicillinc 296 
Tamoxifen 279 
Tannatc 307-
Tannic acid 307 
Tartaric acid 145, 148, 214, 256, 

308 
Tartrates 255, 308, 321 
Tcclothiazidc 321 
Tcfazoline 298 -
Tcrbutalinc 306 ' 

sulfate 109, 112 
Tcrfcpadinc 25, 26, 149 
Tcrpin 46 
Tetracaine 73, 74, 284 
Tetracycline 120 
THAM sec Propane-l,3-diol, 

2-amino-2-(hydroxymethyl)-
Thcnalidinc 308 
Thenoate 323 
Thcophyllinate 313,317 

Theophylline 34, 60, 113, 115, 
130, 131, 314, 316, 319 
-7-acetic acid 131 
7-acetyl- 31 
8-chloro- 120, 131 
7-(2-hydroxyethyl)- 131 
7-(2-hydroxypropyl)- 54 
-7-propanesulfonic acid 130 

5 -Thia-1 -azabicyclo [4.2.0] oct-2-
ene-2-carboxylic acid, 
3-[(acetyIoxy)methyl]-8-oxo-7-
{[(pyridin-4-ylthio)acetyl]amino} -
260 

Thiamine 298, 302 
Thiethylperazine 292, 293 
Thiocyanate 309 
Thiocyanie acid 309 
Thioproperazine 282, 295 ' « ' 
Thiosulfate 313 -nA/ 
Tiamulin 282 • 
Tidiacate 312 d ' 
Tigloidine 289 
Timolol 292 . 
Tolbutamide 74, 127 
Tolonidine 298 
Toloxamine, phenyl- 279 " 
Tolterodine 308 
para-Toluenesulfonic acid 213,'^' ' 

309 'i 
ethyl ester 310 • " 

Toremifene 279 v., A" ' 
Tosufloxacin 309 ' • r. 
Tosylate (tosilate) 309 '• 
Triethanolamine ' 105, 215,323 
Triethylamine 215 
Trimebutine 292 
Trimethaphan 275 
Trimethoprim 290 
Trimethrexate 285 
Trimipramine 292, 295 
TRIS see Propane-l,3-diol, 

2-amino-2-( hydroxymethyl)-
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374 SUBSTANCE INDEX 

Trolamine 323 Vidarabine 302 
Trometamol 324 Vinblastine 306 
Tromethamine 324 Vincristine 306 
Tropenziline 289 Vinorelbine 308 
Trospium heptyl-sulfonate 112 Viomycine 306 
Tuaminoheptane 306 Vitamin C 271 

u 
Undec-10-enoic acid 310 
Undecylenate 325 
Undecylenic acid 310 
Uracil-6-carboxylic acid 299 

Xanthinol (xantinol) 
Xenytropium 289 
Xilobam 76 
Xinafoate 297 

130, 298 

Valerate 325 
Valproate 98, 313, 320 
Valsartan 13, 14 
Vasopressin 307 

Zinc 156, 302 
gluconate 325 
hydroxide 325 

Zolpidem 308 
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