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Salt ,forming agents are often chosen empirically. Of the 
many salts synthesized, the preferred form is selected b 
pharmaceutical chemists primarily on a practical bads: 
cost of raw materials, ease o(ctystallizatlon,andpercerst 
yield. Other basic considerations Include stability, hy-
groscopicity, and flowablilty of the resulting bulk drug. 
Unfortunately, there is no reliable way ofpiedictlegdae 
influence ofa particular salt species onthebthavletoftbe 
parent compound. Furthermore, even after manysØlteof 
the same basic agent have been prepated, no elfblent 
screening techniques exist to facilitate selection oftheeailt 
most likely to exhibit the desired phmaookinetic,eolu-
bility, and formulation profiles. 
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The chemical, biological, physical, and economic char- p: 
acteristica of medicinal agents can be manipulated and, 25 
hence, often optimized by conversion to a salt form. ofd 
Choosing the appropriate salt, however, can be a very Is a 
difficult task, since each salt imparts unique properties to Is t’ 
the parent compound. salt 
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Table V-FDA-Approved Commercially Marketed Salts 

- Antàn Percent’ -Anion - Percent’ 

Acetate 1.26iodIde 2.02 
Bonzenesulfonate 0.25 sethlonate1 0.88 
Hennoate 0.51 Lactate 0.78 
lkcarbunnte 0.13 Lactobionate 0.13 
Ititartrate 0.63 MaId. 013 
Hrwnide 4.68 Molests 8.03 
Coichunedetate 0.26 Mendelate 0.38 
Catnayhteb 0.25 Meaviete 2.02 

- - - - 
--- --88-.----.44cdylbrvn$de Clarbinate -AM - ..- ------.-�-- 

Chloride 4.17 Methybdirate 0.38 
Citrate 3.03 MethylsulCete 0.88 
Dihydrochlorlde 0.51 MuceCa 0.18 
Edetate 0.25 Napsylate .0.25 
F4kyiate’ 0.38 Nitrate 0.04 
Ketolate" 0.13 Pamoate (Embonate) 1.01 
Keyid.r 0.13 Pantotheost. 0.25 
Fucearate 0.26 Phoephetefdlphosphate 3.16 
ruuceptatet 0.18 Palygalacturonate 0.13 
6luounate 0.51 Sallsylate 0.88 
(Iutamate 0.25 Steacate 0.25 
Uycnllylaraanilotea 0.13 Subacetate 0.38 
Ilexykesorclnate . 0.13 Succlnate 0.38 
Ilydrabamine" 0.25 Sulfate 7.46 
Ilydrob,omlde 1.90 Tannate 0.88 
hydrochlorIde 42.98 Tartrate 8.54 
lydrozynaphthnete 0.25 Teoclatel 0.13 

Triathlodid. 0.13 

Cation PZCCM’ Cation Peent 

Organic Metallie 
- Bensathlne" 0.66 Aluminum . - . 0*6 

Chtoroprocalne 0.33 CalcIum 10.49 
Choline 0.33 Uthlum 1.84 
Dietbaimlamlne 0.98 magnesium 1.31 
Ethylenedlamlne 0.66 PotassIum 10,62 
Meglumlne’ 2.29 Sodium 6127 
ProcaIne 0.66 Zinc 2.95 

’Percent In based on total number of anionic or cationic anita in use through 1974. 01 Camphorsulfonate. 
"ivN’Dl(dehydetyflethy1ened1amIne2-l1ydroxyethafleeUltoflate. 

sulfate. 
Kthanesulfunate.tGluaiheptonala. p-GIycoIIamIdophen4anonate 

I MChlorntheopbyllinaiei5N.N’.Dibenzylethylenediamine. N-Metbylglucamlne. 

1Qi min 

:99? 
i?k?arx go-_?basis 
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POTENTIALLY USEFUL SALTS 

Salt formation Is an add-base reaction Involving either 
a proton-transfer or neutralization reaction and is there-
fore controlled by factors Influencing such reactions. 
Theoretically, every compound that exhibits acid or base 
characteristics can participate in salt formation. Particu-
larly Important is the relative strength of the acid or 
base-the acidity and basicity constants of the chemical 
species involved. These factors determine whether or not 
fotmatfon occurs and are a measure of the stability of the 
reaulthtg salt. 

The number of salt forms available tea chemist is large; 

28th ed. (7). Table I categorizes all salt forms approved by 
the Food and Drug Administration (FDA), while Table U 
lists those not approved by the FDA but In use In other 
countries. (Only site of organic compounds are considered 
because most drugs are organic substances.) The relative 
frequency with which each salt type has been used is cal-
culated as a percentage, based on the total nwnberotan-
ionic or cationic salts In use through 174. Because of 
simple availability and physiological reasons, the mono-
protic hydrochlorides have been by far the meat Request 
choice of the available anionic salt-forming radicals, out-
numbering the sulfates nearly six to one. For similar rea-
sons, sodium has been the most predominant cation. 

or 

be made. Miller and 
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often behave -quite differently because of the physical, of salt forms. TheyMALªLj.-!JlL, seir oftbiæa-
chemical, and thermodynemucproperties they impart to Lions withmonoki an nso!ublemwaterand 
th ant compound1 For eampIs, a salt’s hydrophobidty I nd-ti .toreposltoiypreparatons, wlii[ithÆee of 
and high crystal lattice energy can affect dissolution rate dicerbozylic acids fee watersolubility if uoccarbozyUc 
and; ham binavaILbility. Ideally, It would be desirable group-is left bee. Parade add, an aromatic dicarbovylic 
If one could predict how, a pharmaceutical agent’s prop acid, is an exception since It Is used as amemia of obtaining 
erties would be affected by salt formatiom profongeti action by forming slightly soluble atth with 

Tables I and II list all salts that were commercially certain basic drugs. Saiss et at. (9) reviewed the use ofthis 
marketed through 1974. The Hat wan compiled from all salt form In preparing sustlned-release preparationit. 
agents listed In "Mortindale The Extra Pharmacopoeia," More recently, tatentlation of .a %X  (tO) 
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Table fl-No-FDA-Approyed Commercially Marketed 
Salts 

Mw centa 

0.13 
0.13 
0.25 

Irate 0.13 
0.13 
0MIS 

0.13 
0.13 
0.1$ 
0.13 
0.13 
028 
0.1$ 
0.13 
0.25 

it.) 0.13 
0.13 
0.25 
0.13 
0.13 

te 0.13 
0.13 
0.13 
0.13 
0.13 
0.13 

Cation Peroent 

Oceanic 
ftnJ(pr 
clemizo!e’ 

0.33 
0.33 

IMethylambie 0.33 
Pi peraziae 

, 

028 . 
Trontethaminee 0.33 

Metallic: 
BarIum 0.33 
Bismuth 0.98 

° Percent Is based on total nurnberof anionic and catlonic salts In use 
iiutwglt 1970’ 1,5-Nephthaisnedlsutlufl&te. rN.9enayIphentthylamjfle. 
4 p Chlornhrczyl-2 pyrrolidin 1.ylm.thybnslm(da2oIe TrIs(hy 
drnzyrnetbyflaxnlnomeduine. 

using pamoic acid resulted In the formation of a delayed-
action preparation. Numerous studies using pamoate salts 
are dispersed throughout the literature (11-15). 

Mginic acid also has been used to prepare long-acting 
pharmaceuticals. Streptomycin al&nhlte was prepared (16) 
and shown to be effective In sustained-release prepara-
tions. A striking example of a long-acting alginate salt is 
that of pilocarpine. When dispersed in sterile water and 
dried to a solid gel, this compound was found useful in the 
preparation of long-acting ophthalmic dosage forms (17). 
While liquid preparations of the alginate and hydrochlo-
ride salts possess similar miotic activity, studies showed 
that solid pilocarpine alginate flakes constricted pupil size 
more effectively and increased the duration of miosis sig-
nificantly u’l1en compared with the liquid preparations. 
Solid close pilocarpine may be morà uniformly available, 
because it diffuses more slowly through the gel matrix 
which holds the drug in reserve. in contrast, drops of the 
commonly employed solution dosage form release the dose 
immediatelyto the conjunctival fluid. 

MÆlek of al. (18) devised a unique way of prolonging 
action through salt formation; they showed that the dis-
tribution of several antibiotics could be markedly altered 
by merely preparing macromolecular salts Since macro-
molecules and colloidal particles have an affinity for the 
lymphatic system, streptomycin, neomydn, viomycln and 

streptothrycin were combined with high molecular weight 
compounds such as polyacrylic acids, sulfonic or phos-
phorylated polysaccharides, and polyuronic derivatives. 
Parenteral administration of these compounds produced 
low blood levels of the antibiotic for 

long 

periods, while 
lymph Levels were high. (In comparison, streptomycin, 
sulfate gave high blood levels but low lymph levels.) This 
alteration In distribution caused the streptomycin to 

-prong passage through the-body, since, lymphatic -. 
circulation is quiz slow. 

The appropriate choice of a salt form has been found to 
reduce toxicity. It can be rationalized that any compound 
associated with the normal metabolism of food and drink 
must be essentially nontoxic. The approach of choosing 
organic radicals that are readily excreted or metabolized 
opened up anew class of substances from which to eel" 
a salt form. For example, certain salts of the strong base 
choline have proven to be considerably less toxic than their 
parent compound. The preparation and properties of 
choline salts of a series of theophyfline derivatives were 
reported (19), and it was shown that choline theophyllinate 
Possessed a greater LD50 than theophylllne or Its other 
salts (20). It was postulated that this agent would be less 
irritating to the GI tract than aminophyZine, because "Its 
basic constituent choline, Is an almost completely non-
toxic substance of actual importance to the physiologic 
economy." This evidence led to the preparation of choline 
salicyiate (21) as an attempt to reduce the GI disturbances 
associated with salicylate administration. Clinical atudles 
Indicated that choline sailcylate elicited a lower incidence 
of 0! distress, was tolerated in higher doses, and was of 
greater benefit to the patient than was acetylsalicylic acid 
(aspirin). 

Amino acids and acid vitamins also have been used as 
salt-orming agents. Based on the evidence that coed-
ministration of amino acids with aminoglycoside antibi-
otics reduced their toxicity, a series of amino acid salts of 
dihydrostreptomycin was prepared (22). In all but one 
case, the acute toxicitles of these salts were lower than the 
toxicity of the sulfate. The ascorbate and pantothenate 
also were synthesized and shown to be lees toxic than the 
sulfate. Of the salts prepared; the ascorbate had the highest 
LD50. 

The vitamins most commonly used for forming salts 
exhibiting reduced toxicity are ascorbic and pantothenic 
adds. Keller et al (23) were the first to use pantothenic 
acid as a means of "detoxifying" the basic streptomyces 
antibiotics. Parenteral administration of the pantotben-
ates of streptomycin and dihydrostreptomycin had a sig-
nificantly reduced incidence of acute neurotoxicity in eels 
as compared with the sulfates. Subsequent studies (2448) 
supported this finding and showed that the pantothenates 
of neomycin and viomyciæ also are Ies toxCorbtts 
of oleandomycin was synthesized and Its pharmacological 
properties were reported (29). Upon intramuscular injec-
tion in rats it produced lees Irritation than the phea-
phate. 

p-Acetamidobenznic acid, an innocuous metabolits of 
folic acid present in normal blood and urine, bps been used 
in preparing salts. In particular, It yields atabirsaltawith 
amines that otherwise tend to form hygroscopic products 
with conventional acid components (30). 

Often the salt form Is chosen by determining a salt 
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component that will pharmacologically antagonize an 
unfavorable property orproperties exhibited by the basic 
agent. Salts ofN-cyclohexylsulfamlc acid are an example 
of the practical application of this approach. N-Cyclo-
hexylsulfamic acid salts, better known as cyclamates, have 
a characteristic sweet, pleasing taste. Although presently 
under investigation by the FDA for potentially carcino-
genic properties, salts incorporating this compoupd can 
render unpleasant or bitter-tasting drugs acceptable. For 
eiainte1 the cyclathatØi f deitromethôrphan and 
chiorpheniramine exhibit greatly improved bitterness 
thresholds compared to commonly occurring salts (31). 
Furthermore, their stability in aqueous solution was de-
scribed as good when nmintained at a pH not greater than 
4. 

N-C3’dohexylsulfamic acid salts of thiamine hydro-
chloride and lincomycin also have been synthesized. Thi-
amine N-cyclohexylsulfaniate hydrochloride was reported 
to have a more pleasant taste than other thiamine salts 
while having an equal or greater stability (32). Uncomycin 
cyclamate, shown topossess an enhanced thermal stability 
over its hydrochloride, was prepared (33) to test 

the
 hy-

potheels that reduced llncomycm absorption In the pres-
ence of small quantities of cyclamates was due to a simple 
metathetic reaction. However, this assumption was found 
not to be true. An extensive study of the preparation and 
characterization of cyclamic acid salts of several widely 

� used r&%swe of drugs including antihistamines, antibiotics, 
antitussives, myospasmolytics, and local anesthetics was 
reported (34,35). 

Various salts of penicillin and basic amine compounds 
have been formulated man effort to produce a long-acting, 
nonallergenic form of penicillin Since antihistamines 
appear to mitigate the symptomatology of penicillin re-
actions in some patients, coadministration of the two has 
been advocated. The preparation of the benzhydralamine 
salt of penicillin was an attempt to produce a repository 
form of penicillin with antiallergic properties (36). Blood 
levels achieved with this salt were comparable to those of 
penicillin C potassium; however, its antiallergic properties 
were not evaluated. In fact, the Investigators noted that 
antihistamines can actually cause sensitization at times 
and stated that "despite their occasionally favorable in-
fluence on the symptoms of penicillin sensitivity, they 
contribute directly to the potential of drug sensitivity when 
co-administered with penicillin.’ 

Silver salts of sulfanilamide, penicillin, and other anti-
biotics have been prepared and represent cases where the 
species (ions) are compIementary. When aqueous solutions 
of the salts were applied topically to burned tissue, they 
Aided the combined benefits of the oligodynamic action 
of silver and the advantages of the antibacterial agents 
(37). 

The use of 8-aubsti(ii if iiijflulr1 U1 
8-substituted theophyllines, as salt-forming agents was 
first reported in the preparation of a series of antihistamine 
salts (38-41). Synthesis of these zanthine salts was an at-
tempt to find a drug to counteract the drowsiness caused 
by the antihistamines with the stimulant properties of the 
zanthinea. When an electronegative group Is introduced 
Into the xanthine molecule at the 8-position, the elec-
tron-drawing capacity of the subatituent results in the 
creation of an acidic hydrogen at position 7. Thus, these 
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moderately strong acidic compounds can undergo salt 
formation with various organic bases. 

The 8-halotheophyllines were the first group of xan-
tblnea studied as potential salt-forming agents. Since the 
report on the preparation of the 8-cblorotheophylhne salt 
of dipbenhydramine (42), synthesis of the 8-halotbeo-
phyUinates of a number of organic bases has been at-
tempted. The 8.chlorotheophylüne salts of quinine, 
ephedrine, and strychnine were prepared and character-
ized (43). These salts were less water soluble than the 
corresponding free alkaloidal bases. In a similar report, the 
8-chiorotheophyllinates of three synthetic narcotics, 
meperidine, Levorphanol, and metopon, were prepared 
(44). 

Pharmacological and clinical studies Involving the 8- 
brcmotheopbylLine pyrliamine salt revealed the unusual 
diuretic properties associated with the 8-balothecphylline 
portion of the compound (45,48). This finding initiated 
an investigation into the preparation of a soluble 8-bro 
motheophylline salt of high diuretic activity. With readily 
available amines, over 30 salts were synthesized and 
screened for diuretic activity (47). When tested against 
theophylline salts of the same amines, the 8-brcmotheo-
phyllinates showed greater activity in every can. 

With the successful formation of 8-halotheopbyllinees 
of organic bases, Morozowich and Bope (48) proposed that, 
if the halogen moiety was rc9laced with a more electro-
negative substituent such as a nitro group, a more acidic 
compound would be formed. Presumably, more stable salts 
would result and precipitation of the free xanthine deriv-
ative in the stomach would be less likely to occur. On this 
premise, they successfully -prepared pharmacologically 
effective 8-nitrotheophylllnates of several pharmaceuti-
cally useful bases. 

Duesel et at (19), in their study of choline theophylli-
nate, prepared the 8.chloro-, 8-bromo-, and 8-nitrotheo-
phylline salts of choline. Oral toxicity studies In mice 
showed that the LD50 of the 8-nitrotheophyllinate was 
much greater than that of either 8-halotheophylline. In 
fact, it remained nonlethal at doses as high as 6g. 

Pojygalacturonic acid, a derivative of pectin, has been 
used to prepare qulnldine salts exhibiting reduced toxicity 
(49, 50). The compound possesses special demulcent 
properties and Inhibits mucceal irritation. The rationale 
for use of this agent Is to reduce the ionic shock to the CI 
mucosa resulting from the flood of Irritating Ions liberated 
by rapid dissociation of the conventional inorganic quin-
idine salts. Studies have shown that It is four times less 
toxic orally than the sulfate. This difference was attributed 
to the slower release of quinidine from the polygalactu-
ronate. 

Other compounds reported to be potentially useful as 
-pharmaceutical salt forms are listed in Table fl! 

PHYSICOCHEMICAL STUDIES 

Biological activity of a drug molecule is influenced by 
two factors: Its chemical structure and effect at a specific 
site and Its ability to reach�and then be removed from�
the site of action. 

propertiofamndthWflfluence-itsabeorption, 
distribution, nietb1iin, and e ctzflrJse’ientaal for 
cpepT4!an4ir! of the onset and rationo1ao. 



Table W�P,toatIaHy UsetW Salt Forms at  Agents 
Sak-Fone(ng Agent Compound Modified 

- Modification 
- Reteonc. 

Ac.tylsmlnooectk add Do,ycycftne Solubility 51 
N-Acotyl4aaparaglae 
N-Aoetyicydlne 

Eeythromycjn SoluWiky.ectMty,atablilty 
Doxrcjlne Combined efFect useful in pneumonia 

52 
53 

Mamant* acid 
Adipic acid 
N.AUcytsuftivates 

AlkyIbivanidcs Prolonged action 
Peronne Stability, touchy, orgonoloptic propertiec 
Amoldulin Ahu,nIinn .unfl 

54 
55 
58 

Antbraqulnoae-1,54140onic acid 
ArgfArabaoglneolactan sulfate (ambino) 

Fiuclose 16.d1phospkodc acid 

- 
.--- 5.7 

ibsorptlon Be 
action 5960 

61 
iygrcaoopiclty. lucidLy 62 

as 
srpthn 64 
rolonged proPhylactic effect, as 

as 
he propertIes 47 
utica dl 
ygrogwpfdty as 

7 71 
tlnonlnjcctien 72 

73 
kproper*iac 74 

75 
76 
"7 

Gluaxe 1-pbcapborioadd,gk ccc. Tetracyclfn, So1ubHiiv 77 
8-phoepbprlc acid Eryth,omycln Solubility 

1.-Glutamine Erytbeomytbi Solubfllty, acth4iy, stability 52 
ltydrozynapbthoate flephenfum Tccldty 78 
2.(4-imeniyijthylamme Prost&nndin Prolonged action 78 
laubutànobrnlile 
Laury) sulfate 
Lysin. 

Theopliylllne Stability 
Vtncamine Orgenoleptic propertIes 
a-Sulfobenzylpenfclllln Tclty,atablllty, hygrneeopfclty 

60 
81 
62 

Ceph.Josporina 61 
Metlianesulfonic acid Praltdoulnie (2-PAM) Solubillty 82 
N-Methylgluceinine u-Sulfobensyipenlcillin Toxicity. stability. hygroecoplchy 62 

Cophalesporins Reduced pain on InjectIon 72 
N-Methylplperezlne 
Morphoune 

Phenylbutazone Tozicity, iecterSneot of action 
Cephaloapodna Reduced 

83 
72 

2.N.phthalenesulfonieacad 
pain on injectIon 

Propoxypherie Organoleptic properties 84 
Octanoale Hepiguninol Prolonged actIon 68 
Poobenecid Pivampiciflin Organoleptie propertIes 85 
Tannicechci Verfousaminee Prolonged action 86,87 
Theobrommne acetic acid Prepozyphene ActivIty 88 
3,4.5-’1lmelIiozybenzoate Tetracycline Organolepticpuipertles 69 

Ileptaminol Prolonged actIon 68 
Trometharnine Aspirin Absorption (oral) 90 

Dlnoprost (preetagiandin Pa,) Physical stat. 91 

tionthe relatiercidthe-posetbleosrad- In one such study methylpyridinlum-2-aldoxline 
flisrtipn (2) - - (pralidoximo) salts were investigated (98). This study at 
ka review in Mf, Miller and Holland (92) stated that out to prepare a salt with water solubility adequate toallow 

"different salts of the same drug rarely differ pharmaco- intramuscular injection of a low volume (2-3 ml) thorn-
logically; the differences are usually based on the physical peutic dose. The original compound, the mathiodide, bad 
properties." in a subsequent review (93), Wagner ox- the disadvantages of limited aqueous solubility and high 
panded upon this statement, asserting that, although the potential toxicity, since its high iodide content could result 
nature of the biological responses elicited by a series of in indian. On the basis of physiological compatibility, 
salts of the same parent compound may not differ appre- better water solubility, favorable stability, and relatively 
ciably, the intensities of response may differ markedly. high percentage of oxime, the chloride salt of pealidoalme 

Th  salt fomislmowilföTnfluenceanuu.Ier ofphysf. was selected for therapeutic adre nistrationv itwaaâahned 
ocheinfcaI properties of the parent compound including that "the anion used to form the salt can otndhe physical 

dzsoIt.tton hygrnpdty properties of importance and signilkance for the forims-
’Vi6jirtIi,1n t1ÜÜ, affethe äfla dTo tiffon bd( imsäUon or use compound (5) 
mulation charactØristica of the drug. Consequently, the Some physloochemicol propuVesufaxedwifobAd 
pharmaceutical industry has systematically engaged in add salts oflldocalne also were deteamiued (96).Wbilethe 
extensive prefornsulatlon studies of the physicoebemical hydrochloride and hydx’obromide were move hygroecoplc1 
properties of each new drug entity to determine the most they were more soluble In a number ui solvents than the. 
suitable form for drug formulation, Published Information nitrate, perchiorate, phosphate, ormdlote salts. 
concerning such studies, however, $ sparse Piiji Dissolution Rate�The distolution rate etc phatiM-

Oi ceuth*I agent is of major Importance tothe formulator. In 
g4t(ä_hevoIitJlityand1tygiiiageiit  many cases, particularly with poorly soluble drum this 
inl1ivstIgatlon aadiacuseçI  194) characterIstic best reflects the blomtallebilityofthacom. 

iPoL*N0. 1,Jdnnb ISWI* 
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pound. As a role, a pharmaceutical salt exhibits a higher administration of three different salts and the free acid, 
dissolution rate than the corresponding conjugate acid or was the same as the rank order of their rates of dissolution 
base at an equal pH, even though they may have the same in vitro. While the investigators ascribed these differences 
equilibrium solubility. The explanation for this result lies to the solubility properties of the salts, their ezpethnents 
in the processes that control dissolution, actually compared dissolution rates, not solubilities. The 

Dissolution can be described by a diffusion layer model1 relative order of dissolution rates and mean rnvmI blood 
in terms of an equation developed by Nernst and Brunner levels was: potassium salt> calcium salt> free acid> 
(97): benzathine aft. 

dIV DS Nelson (100) determined dissolution rates for several 
�C) (’ fl weak acids and their sodium salts in media whose pH’s 

where W is the mass of the solute dissolved at time t, represented GI fluids. In all cases, the sodium salt dis-
dW/dt is the rate of mass transfer per unit time, D Is the solved more rapidly than the free acid. This finding re-
solute molecule diffusion coefficient. S is the surfime area solved the misconception that absorption of dr&gs is re-
of the dissolving solid, h is the diffusion layer thickness, listed only to solubility in the appropriate medium; rather, 
C is the concentration of the drug In the bulk solution at solubility affects absorption only to the extent that It af-
time t, and C3 is the saturation solubility of the solute in feds dissolution rate. Absorption of drugs is a dynamic 
the diiiüaion  layer. process, and the ultimate solubility of a drug In fluid at 

The driving force for dissolution In Eq. 1 Is the difference absorption sites is of limited consequence since absorption 
between the saturation solubility of the drug and the Prevents the attainment of saturated solutions. Therefore, 
concentration of the drug In the bulk fluid. If the drug 1" dissolution rate, more than solubility, Influences absoip-
not rapidly absorbed after it dissolves, then C. the con- tion since it is a preceding proceft 
centratlon in the bulk solution, approaches C. and the In two subsequent studies, Nelson and coworkers fur-
dissolution rate Is retarded. When this occurs, absorption ther illustrated the effects of changing nonlonized drugs 
is "absorption rate" limited (or "membrane transport" into salts. A report concerning tolbutamlde (101), a weak 
limited), lithe absorption rate Is rapid (or if the absorption acid, showed that the initial dissolution rate of tolbutainide 
mass transfer coefficient Is much larger than 1)8/h of Eq. sodium was approximately 5000 times more rapid than the 
1), however, C becomes negligible compared to C. and free acid in aci4jc media and 300 times more rapid In 
dissolution occurs under "sink" conditions. Absorption is neutral media. Thisffkrence, measured in wire, reflected 
then said to be dissolution rate limited, which Is what oc- the differences observed between the free acid and the salt 
curs with most poorly soluble drugs. In either case, an in- when administered to human subjects. Oral administration 
crease in C,, as in salt formation, increases dissolution, of tolbutamide sodium produced an immediate drop in. 

Salts often speed dissolution by effectively acting as blood sugar comparable to that produced by intravenous 
their own buffers to alter the pH of the diffusion layer, thus Injection of the salt, while the slowly dissolving tolbuta-
increasing the solubility of- the -paieeteompound, C,, In mide produced a smooth, sustained fall in blood sugar 
that layer over its inherent solubility at the p11 of the 
dissolution medium. Hence, dissolution Is controlled by 

(102). 
Correlation of urinary excretion rates and dissolution 

solubility in the diffusion layer which; in turn, Is deter- rates of tetracycline and some of its acid salts also was 
mined by the pH of that layer. The Influence of K on the demor.strated by Nelson (103). The salts that exhibited 
solubility term, C,, and dissolution rate, should an accu- greater in Vitro dissolution rates showed greater urinary 
mulation of Ions be allowed to occur, will be treated excretion rates, indicating more rapid absorption. 
later. Benet (104), ins discussion of the biopharmaceutical 

Nelson (98), in a study of theophylline salts, was the first basis for drug design, referred to the Influence of the salt 
to show the correlation between diffusion layer pH and form on dissolution. He compared the dissolution rates of 
dissolution rate. The major impact that this study had on tetracycline and tolbutamide and their salts, as reported 
the pharmaceutical sciences was its conclusion that, if in the studies previously cited, and explained why the rates 
other factors remained constant, the dissolution rate of a differ at the pH’s exiIbIted by physiological fluids. 
compound determined the rate of buildup of blood levels Although salt formation usually increases the dissolution 
with time and the maximum levels obtained. Those salts rate of a drug, studies with aluminum acetylsalicylate (105, 
of the acidic theopitylline with high diffusion layer pH’s 106), warfarin sodium (107), and benzphetsmine pamoate 
had greater in vitro dissolution rates than those exhibiting (108) showed that administration of the salt stowed (115-
a lower diffusion layer p11. And, Indeed, the rank order of solution of the drug and subsequent.absorption compared 
dissolution rates correlated well with clinically determined to the nonionired form. This decrease appeared to result 
blcJJs.w1lv.Jghar iHjpjbs diffusion from precipitation of an insoluble particle or film on the 
layer retards hydrolysls the salt, thereby maintaining surface of the tablet. Such a phiiirnenon decreases the 
the anionic charge of the theophyllinate ion. This report effective surface area and prevents deaggregatkm of the 
led to many additional studies which illustrate the intlu. particles. Theoretical considerations of the processes 
ence of the salt form on dissolution and the beneficial ci- controlling dissolution of an acid salt of a base (108) and 
feds of changing nonionized drugs Into salts. the sodium salt of a weak add (109,110) in reactive media 

Juncher and Raaschou (09) demonstrated that the ranki.. .have been discussed. 
order of 

peak 

blood levels of penicillin V. obtained upo,Tablet processing and various formulation factors can 
decrease the dissolution rate of a salt in human gastric juice 

Th33IIInc(w,ii(ierc,uI.dh,re,çihMun,wah,,enMrnpIv  
r. r eu tr,flt,r p,ttIh c,. 

over its nonionized form (111). Granulation and tabiethig 
caused the dissolution rate of phenobarbital sodium to 
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decrease but had the opposite effect on phenobarbital. 
Therefore, as a tablet dosage 1rsn, the dissolution rate of 
the sodium salt was slower than thatof the free acid. These 
results were attributed to differences In the disintegrating 
properties of the tablets, In some *nstances, rapid disso 
lutlen may in fact be ,a problem for very soluble drugs. 

Others have illustrated a phenomenon thatdeereases 
the dissolution rate of a salt below that of its nonionized 
form. Undo! (112) studied therelatlonshlp between oaks 
and biological activity by dissolving three salts and the free 
base of an experimental antihypertezielve In water, 01 N 
HCl, and pH 7.2 phosphate buffer. The dissolution rate of 
the monobydrochioride salt was lower than that of the free 
base in 0.1 N HCI and higher than the free base In both 
water and phosphate buffer. Tbsie authors ascribed this 
variation to the common Ion effect and substantiated it 
experimentally. Although the biological activity of the 
monohydrochioride was greater than that of the free base, 
the Implications of altered absorption characteristics on 
the activity of any other hydrochloride salt in 01 fluids 
must be considered. Similar results also were reported for 
hydrochloride salts of some tetracyclines (118). 

Some consideration must be given to the influence of salt 
formation on oral toxicity, which often reflects the reIn- � 
tionship between the in viuo dissolution rate and the ap-
pearance of drug in the circulation (114. 115). Morezowich 
et al. (114) showed that the relative toxicities of a series 
of salts of a drug reflect the rate of absorption, providing 
the salt-forming agents themselves are relatively nontonle. 
They stated that "when absorption is rate-limited by 
dissolution of the salt In the gastrointestinal tract, as will 
be the case with slowly soluble solta, the toxicity of a slowly 
dissolving salt will most probably be lower than that of a 
more rapidly dissolving salt" The Implications of salt 
formation on toxicology will be discussed under Toxico-
logical Considerations. 

Several reviews dealt with the Influence of the dissolu-
tion rate on drug availability and. In particular, salt effects 
(116,117). Other reports illustrating the influence of sa4tI 
and salt form on dissolution rate are listed in Table IV. 

Solubility�Knowledge of the solubility characteristics 
of a pharmaceutical agent is essential, because solubility 
is usually an important factor in the pharmacokinetic 
profile, the chemical stability, and, ultimately, the for-
mulation of the drug. As discussed previously, it is certainly 
a primary factor In controlling dissolution rates. The sol-
ubility of a compound depends basically upon the physical 
and chemical properties of the solute e.g., a lower melting 
point for a compound within a series reflects a decreased 
lattice energy, which would suggest a higher solubility. 
Solubility depends as well upon such elements as tem-
perature, pressure, solvent properties (such as resulting 
.Ø 911d. thsi lipaser ast.anL tha atAtmfaislwIivia1nn nftha 

solute. 
An important solvent propertywbich is often overlooked 

involves the common ion effect; In particular, hydrochlo-
ride salts of drugs often exhibit less than desirable solu-
bility in gastric juice because of the abundance of chloride 
ions. The equilibrium involved is shown In Scheme L 

DHV1.sc, 1t (DH’)gq + (C Ii. 
Scheme I 

Salt formation is perhaps one of the first approaches 

Table IV�Additional eferenccs on Salt Form sad 
Dissolution Rat. 

Topic Re(e,ence 

of weak adds and talbaeic 115 

ljrVitlO4eClIitI?tl 119 

1i1;uoncbron6iogksl 120. 
Wirephy 

ratØofdIseoIutonin Ultra and t,z vise 121 
ution tests and interpretation of anomalies observed 122 
is dissolution prorass of bulfaqufnnvAHne based on 

ace of the dissolution rate of lithium tablets on side 123 
As. 
utlon kistetlea of drugs in human gastticjulce 

124irisonof disnolutino and absorotlon rates of 125 

forms end is 

considered as a means of increasing a compound’s water 
solubility. As with dissolution rates, however, salt formt 
tion does not always confer greater solubility. Liberally 
dispersed throughout the pharmaceutical literature are 
studies that compare the solubilities of different salt forms 
of the same compound with those of its free acid or base 
(Fable M. Selection of the salt form exhibiting the desired 
solubility properties is critical, since these properties often 
dictate the formulation characteristics of the dru& 

Phase solubility techniques were used to study the for-
mation of complex salts of tnamterene (in). The results 
indicated that the organic acid salts of basic drugs, such 
as amines, were more soluble in water than the corre-
sponding inorganic (halide) salts. This consideration is 
Important in the synthesis and selection of a salt form that 
will exhibit enhanced bioavailability and desirable for-
mulation characteristics. 

The hydrogen-Ion concentration can significantly affect 
the solubility of a salt. Anderson (128) discussed the In-
fluence of pH on the solubility of pharmaceuticals. 
Mathematical relationships between pH and solubility of 
therapeutically useful weak acids and bases and their salts 
were given along with some considerations In the formu-
lation of solutions of these particular agents. 

An extensive shady on the solubility interrelationships 
of the hydrochloride and free base of two pharmaceutically 
useful amines was reported (129). Mathematical equations 
describing the total solubility at an arbitrary pH in terms 
of the independent solubilities of the hydrochloride and 
free base species and the dissociation constant of the salt 
were derived and fitted to experimental data with good 
results. This report elucidated the point that, while the 
solubility of the amine hydrochloride generally sets the 
nraximum o!b!e ecnecntr.ticn for agivon amhtc1 the 
solubility of the free base and the piCa determine the 
maximum pH at which formulation as a solution is possible 
(assuming that the desired concentration exceeds the Iee 
base solubility). Shifting the pH-solubilityproliletobigher 
PH values for formulation purposes may require Increasing 
thc solubility of the free base. This increase might be ac-
complished by using an appropriate cosolvent. Since the 
dissociation characteristics of carboxylic acids and other 
acidic organic species are similar to those of organic by-
drochksides, it Is expected that the pH-solubility profiles 
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of these organic acids, although reversed, can be charac-
tensed theoretically using the same treatment. 

Several reports showed that the structure of an organic 
salt-forming radical influences the solubility of the re-
sulting salt. The water solubilities of 16 salts (carboiylates, 
sulfates, sulfamates, and phosphates) of the weak base 
erythromycin were dependent on the size of the alkyigroup 
of the acid (130). In a study with N-alkylsulfamates of 
lincomycin (66), a similar phenomenon was observed: 
solubility of these salts decreased as the size of the alkyl 
group attached to the acidic function increased. 

Senior (131), in a study on the formulation and prop-
erties of the antibacterial chiorhexidine, determined the 
water solubilities of 35 salts and the free base. He found 
that inorganic salts had remarkably low solubilities while 
those of the lower aliphatic acids proved to be somewhat 
more soluble. Hydroxylation of the acid Increased solo-
bility since salt formation with polyhydroxy acids, par. 
ticulanly the sugar acids, conferred extensive water solu-
bility to the molecule. 

Several investigators reported the influence of the aol-
ubilityofa drug on its formulation and subsequent avail-
biity from the dosage form. In a discussion of the prep-

aration and formulation of epinephrine salts In an aerosol 
system using liquefied gas propellants. Sclarra et aL (132) 
pointed out that the solubility characteristics of the agent 
are important in two respects. First, the solubility of the 
therapeutically active ingredient in the various propellants 
is an Important consideration If the product Is to be used 
for either local action in the lungs or systemic therapy. 
Second, the solubility of the drug in extraceUular fluids 
plays an important role in selection of the compound. The 
bItartrate malate, maleate, and fumarate salts uf epi-
nephrine were prepared and subjected to solubility and 
stability studies. While all salts had similar partition 
coefficients, the solubility of the maleate in several pro-
pellants and its stability in formulated aerosols made it the 
drug form of choice. 

Ephedrine hydrochloride was more rapidly released 
than the free base from theobroma oil suppositories con-
taining different surfactants (133). Thisenhanced rate of 
release (dialysis) was ascribed primarily to the greater 
aqueous solubility of the hydrochloride, which solubilized 
faster from the oil-in-water emulsion, whereas the 
ephedrine alkaloid base tended to remain behind in the oil 
phase. 

The solubility of the active ingredient in ointment bases 
can dramatically influence Its diffusion properties. A study 
of salicylic acid and its sodium salt showed that the dif-
fusion of both was very low from hydrophobic bases, 
whereas the solubility of the drug significantly affected the 
diffusion from hydrophilic bases. The more soluble sodium 
selicylate diffused much faster from time latter bases than 

-.....did aaliq& acid (121).-
Additional references on the relationship of salt form 

and solubility are listed in Table V. 
OrganoleptloProperthe�Modern medicine requires 

that a pharmaceutical formulation be efficacious, safe, 
stable, and acceptable to the patient Of primary impor-

t the development of oral dosage forms Is taste ac-
ceptability. This factor presents no major problems when 
the ding is to be administered as a tablet or a capsule and 
swallowed as a unit but is clearly a prominent factor in 
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Table V�Additional References on Sail Form and 
Solubility 

Topic Referarxe 

on Lim rateo(Glabsorptloaof 135 

donge (am upoDtheGllisorptionrateof 136 

macrolide eaters 137 

acid and amities 138 

salts 139 
Of erotic acids 140 
daka 

141,142 
143 

patient acceptability when it is to be administered as a 
liquid, chewable tablet, or lozenge. 

Since taste Is a chemical sense, a substance must be 
dissolved Nit is to elicit a taste sensation�either by taking 
it as a solution or by its dissolving in the saliva. Therefore, 
one method used to minimize undesirable organoleptic 
properties of pharmaceuticals Involves the preparation of 
a poorly soluble salt form of the drug such that the satu-
ration concentration is less than the taste threshold. 

Erythromycin eatolato (lauryl sulfate) has approxi-
mately one-twelfth the solubility of the free baa.’, is 
tasteless, and is useful in the formulation of oral suspen-
sions (144). A study on erythromycin salts showed that the 
bitterness level was dependent on two properties: (a) the 
water solubility of the salt, which is dependent on the size 
of the alkyl group attached to the acid functioin and (S) the 
strength of the acid used to form the salt, i.e. the stability 
of the salt (130). The stearyl sulfamate aaltpossesaed the 
most desirable organoleptic properties. 

Many problems concerned with formulation and sta-
bility of topical and oral pharmaceuticals containing 
bacitracin have been overcome by Incorporating bacltradn 
Into the formulation as Its zinc salt. One distinct advantage 
over the parent compound is its lack of taste, caused by its 
relative insolubility. Thus, it is the preferred drug form for 
preparations where taste Is a factor (145). Taste panel 
evaluations of the comparative bitterness of bacitracin zinc 
and bacitracin indicate that the taste of the zinc salt is 
more easily masked and that the presence of a bitter-
ness-masking adjuvant such as sucrose, Increases the 
bitterness threshold ratio differences between the two 
compounds even further (146). 

Propoxyphene napsylate, nearly water Ineoluble,la only 
’slightly bitter to the taste as compared to the highly 
water-soluble hydrochloride (147) and can be readily for-
mulated into a flavored aqueous suspension. The taste of 
these suspensions can be Improved significantly by the 
addition of a common Ion (sodium or calcium napsylate) 
to dcpT.cas lubilit.y frthcr. 

A newer approach to the improvement of drug palata-
bility has been to form insoluble salts with ion-exchange 
resins. Several investigators described and tested the 
practical application of this method (148-150). Spross et 
aL (149) outlined the conditions necessary for improving 
the palatability of a drug by adsorbing it onto an ion-ex-
change resin without appreciably modifying its pharma-
cological effects. They found that (a) the degree 01 drug 
release from the ion-exchange adsorbate depends on the 
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equivalent quotient between the electrolytes in the sur-
rounding fluid and the tonic drugs, (b) the amount of Ions 
is far less in the saliva than in the gastric juice (the tem-
porary electrolyte contents can be estimated at 0.05 mEq 
In the saliva and at 10 inEq in the gastric juice), and (c) the 
exchange rates should allow the equilibria to be attained 
within a fairly short period. Insoluble drug reainates 
formed between dextran gel2 cation exchangers and several 
basic drugs were In many cases much more pleasant tasting 
than their parent compounds. Furthermore, release of the 
drug from the ion-exchange adsorbate was quite rapid and 
complete under conditions prevailing in the GI tract 

Similar findings were reported using a polymethacrylic 
acid ion-exchange resin (150). In addition, coating the 
adsorbate particles with a 41 ethylcellulcee-hydrozy-
propylmethylcellulose mixture further reduced bitterness. 
While in vitro release from the uncoated resinate was rapid 
and complete, release from coated adsorbates varied with 
the extent of coating. 

Another approach to Improving the testepropertles of 
pharmaceutical agents is to prepare a pleasant-tasting 
soluble salt of a poor-tasting parent drug. This approach 
often can be very difficult, however, since solubifizatlon 
of the parent compound usually Imparts its unpleasant 
taste to the preparation. Nevertheless, some success has 
been reported using the artificial sweeteners cyclamate 
sodium and saccharin. 

As described earlier, formation of N-cyclohexylsulfa-
mate salts of several drug substances has produced better 
tasting derivatives with enhanced solubility properties (31, 
32). The physicocheanical and toxicological properties of 
benzalkonlum saccbarinate and a series of saccharinates 
of other quaternary ammonium compounds were reported 
151). While conventional quaternary ammonium com-

pounds have a very bitter taste, their saccharin analogs are 
sweet. 

Potassium salts frequently possess an unpleasant taste 
and a metallic aftertaste. The palatability of some potas-
sium salts in tavored vehicles was reported (152); while 
the salts had similar taste thresholds at effective thera-
peutic levels, all potassium salts exhibited inferior palat-
ability. 

Table Ill includes several samples of other salts that 
exhibit an Improved taste relative to their free acid or base 
forms. 

Stability�The chemical and physical stability of a 
pharmaceutical must be known, because it can influence 
the choice of dosage form, the manufacturing and pack-
aging, and the therapeutic efficacy of the final preparation. 
Systematic determinationof the thermal stability, solution 
stability (at various pH’s). and light sensitivity of a drug 
and its derivatives, both alone and in the presence of 

so�common additives, provides essential input toward 
the ot tab!?"tive and dosage form. 

Depending on the route of degradation, different salt 
form impart different ability characteristics to the 
parent drug by various mechanisms. Most commonly used 
are sparingly soluble salts which, when used In the for-
mulation of suspensions, reduce the amount of drug in 
solution and, hence, its degradation. Differences 4n hy-
groscopicity of several salts Influence the stability of the 
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drug In the dry state. In some cases, the aalt-formmguid-
Ical itself enhances the stability of the parent agent. 

The stability of penicillin G and its salts has been widely 
studied due to the drug’s therapeutic importance and its 
characteristic instability. Schwartz and Buckwalter (153) 
described some of the stability characterieticsotthisan-
tibiotic, stating that, with present techniques, a solution 
of penicillin cannot be made stable for more than 2 week% 
even at refrigerator temperatures. They alsodlaniased the 
use of suspensions of sparingly soluble amine salts In 
aqueous vehicles as a means of "allowing marketing of a 
’ready-made penicillin product" Procaine, benzathii, 
and hydrabamine salts are marketed, and theiracceptable 
stability as aqueous suspensions is based minlyon their 
insolubility and the minimization of degradation in solu-
tion. 

A theoretical treatment of the solubility of these alta 
was presented In which equations were derived for calcu-
lating the solubility as a function of pH and the pH of 
minimum solubility (154,155). These equations are based 
on the mesa action law and its relationship tothe ionization 
constants of the amine and the penicillin and the solubility 
of the salt in water. Since the salt in solution is partially 
dissociated, further suppression of the solubility may be 
achieved by the common ion effect. Swintcskyet eL (156) 
demonstrated this effect with penicillin C procaine by 
adding procaine hydrochloride to the preparation and 
further enhancing its stability. The S-chlorotheophylluae 
salt (or complex) of penicillin G was reported to be water 
soluble, yet stable in solution (157). Since 8-chlorotbeo-
phylline is acidic, it has been postulated that a buffer effect 
could account for the stabilization of this "salt" 

While penicillin G procaine is more stable in aqueous 
vehicles, It is less thermally stable than the sodium orpo-
tassium salts, decomposing if heated much abose 600. The 
sodium and potassium salts are known to withstand 
heating up to 1000 for 4 days with little loss in potency 
(158). This behavior might well be due to differences in 
melting points�viz., 1060 for penicillin G procaine and 

215° dec. for the potassium salt. 
Since hydrolysis of penicillin is dependent on moisture 

content, preparations in which moisture is rigorously 02 -
eluded are quite stable in the dry state. A study outheef 
feet of moisture on penicillin salts found the calciumealt 
to be less hygroscopic than the sodium salt and, hence, 
more stable in moist atmospheres (159). Similarly, peni-
cillin G potassium is also much less hygroscopic than 
penicillin 0 sodium and has become the preferred form for 
marketing in the dry state (160). 

Several studies reported the relative stabilities of thi-
amine salts, particular!yj..tjie hydrochloride and the 
mononitrate (161-183). The mononittate is obswved to 
be less hygroscopic and is accordingly much lees water 
soluble then the hydroh1vwMe hweetiget.ione of usvknw 
preparations Including compressed tablets, iuultvliamm 
capsules, and dry-tilled vitamin B complex csputes at 
various temperatures showed that the rnonoidtPatn was 
more stable than the hydrochloride (164,165). The sta-
bilities of numerous thiamine salts were studied Ifl*QUSOUS 
solution and In dry powder preparatawith’vaiiousex-’ 
ciplents (t66, 167). In aqueous solution, the resulting pH 
was the chief factor controlling hydrolysis and r*Idetive 
decomposition of thiamine salts their stability as powder 
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D preparations was related to their aqueous solubility, with 
the sparingly soluble salts being more stable (and pre-
sumably less hygroscopic). 

An orally administered drug must be stable In acidic 
solution because It generally must pass Intact through the 
acidic environment of the stomach If it Is to exhibit ther-
apeutic blood levels. The advantage of erythromycin as-
elate over the tree base lisa In Its low solubility lngestnc 

juice, which enables it to be admin*stsed with food with-
out any decrease in attained blood levels. The salt Is more 
stable in the stomach because It remains undissolved. 
Therefore, It retains its potency oven when exposed to 
acidic environments for extended periods (144). 

In a study on the preparation and characterization of 
hncomycin cyclamate (13), it was noted that the cyclamate 
salt had an enhanced thermal stability over the hydro-
chloride. In a subsequent report (168), differentIal thermal 
analysis and thermogravimetric analysis showed that while 
the hydrochloride easily undergoes thermal degradation, 
the cyclamate anion confers a considerably greater thermal 
stability on the lincomycin moiety. 

Mullins and Macek (169) showed that the physical and 
chemical stability of the calcium salt of novobiocin makes 
it the form of choice for the formulation of a liquid prep-
aration of the antibiotic. The amorphous calcium novo-
biocin salt proved to be tasteless, yet fully biologically 
active and perfectly stable In aqueous suspension. Neither 
the sodium salt nor the free acid Is suitable; the sodium salt 
cannot be formulated In a liquid due to Its chemical In-
stability, while the crystalline free acid is not absorbed 
from the GI tract. Amorphous novoblocin is absorbed but 
is metastable In solution and slowly converts to the Un-
absorbed crystalline form. 

Other reports of alterations in stability characteristics 
due to salt formation are listed in Table VI. 

Miscellaneous Properties�The salt form has been 
reported to influence other phyalcochemlcal properties of 
a drug substance. Studies illustrating the effect of the 
salt-forming radical on surface tension, deaggregation 
behavior, and ion-pair extraction have appeared. 

The influence of the anion on the absorption processes 
of two charged species, dextrontethorphan and tetracy-
cline, was studied in the rat stomach (186, 187). A linear 
relationship existed between the rate of absorption from 
buffer aoludons of the anions under investigation and their 
surface tensions. Thus, the absorption process was related 
to the surface activity of the various salts and not to their 
lipid solubilities. This change of surface activity with the 
buffer (or salt) species is similar to the results reported In 
a study of the surface activity of various phenothiazine 
salts (188). 

The antibacterial chiorhexidine possesses surface ac-
tivity. A study of the colloidal properties of some chior-
hexidine salts showed that the counterlon can *tfe:L the 
critical micelle concentration of a surface-active agent, and 
this effect was usually associated with a change in niiceflar 
sIze (189). 

The deaggregatlon behavior of a relatively insoluble acid 
and Its sodium salt was studied, and deaggregatlon was 
postulated to be a possible rate-limiting step In the ab-
sorption of a drug from a dosage form (190). While no di-
rect comparisons of the two forms were made, inspection 
of the data shows that the deaggregation rate of the salt 
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Table VI�Addltlonal Refereucsaon Salt Form and 
Stability 

Topic Reference 

Stability of Chiorhexidine solutIons 170 
Stability of chrorkezidine when autociaved 171 
Athvdrutetrecvelhe end 4.nclai,hvdrotetnzcycllneln 172 

173 

of penicillin sake 174 
176 

and iolubWtrof 178 

Ks amine sake in aqueous 177 

teatCblllLy:O1t8blet (apIcal 
na of sodium amlnosalicylate 
u,Ions.properetloeaot 

378 
119 
180 

the decomposition af 181 
ta salts 

2hvlrn&nosthvl4- 182 

Mosafts isa 
184 

With antacIds 183 

was considerably more rapid than that of the free acid in 
equivalent dosage forms. Therefore, if absorption is de-
pendent on the dissolution rate, which in turn is dependent 
on the deaggregation rate, the salt should produce the 
highest and earliest blood levels. On the other hand, It is 
possible that hygroscopic (and deliquescent) salts can 
absorb atmospheric moisture, cause a sticky surface, and 
inhibit deaggregatlon. 

Higuchi and coworkers presented an extensive studyon 
the physicochemical basis of the ion-pair extraction of 
pharmaceutical amines. Distribution ratios of dextro-
methorphan (191) and chlorpheniramlne (192) between 
an organic Layer and water were highly dependent on the 
concentration and nature of the anion present. Less hy-
drophilic anions yielded more readily extractable ion-pairs. 
A study of the thermodynamic properties, enthaipy, free 
energy, and entropy, involved in the extraction equilibria 
of dextromethorphan ion-pairs indicated that the entropy 
change associated with transfer of the different anions 
between phases Is the main controlling factor in the ex-
traction process (193). 

BIOAVAILAHIUTY 

Most drugs prescribed In the United States are admin-
istered in solid and polyphaslc dosage forms. Conse-
quently. dissolution of the drug must precede the ab-
sorption process. The simplest model that adequately 
describes this process is shown in Scheme II. 

solid drapt 
dlunluUwi direolved dria ’-d,ue in circulation 

Scheme If 
Since the dissolution rate is generally slow for drugs with 

poor solubility, Step 1 is frequently rate limiting in the 
overall absorption process. As a result, the onset, intensIty, 
duration of pharmacological activity, and, hence, blo-
availability are affected by changes in dissolution rate. As 
discussed previously, administering  a salt of the parent 
drug often proves to be an effective means of altering dis-
solution rate and absorption. 



0 

multiple dosing (207). This finding is explained by the fact 
that this salt is acid stable and alkaline dissociable, per-
mitting its passage through the acid of the stomach both 
in fasting and nonfasting subjects (209). Accordingly, the 
antibacterial activity remained essentially the same when 
this form of erythromycin was given, regardless of the state 
of fastfn of the subject (209). 

On first inspection, the higherserum levels attained with 
erythrornychi estolate suggest that the salt form is more 
readily absorbed. Also critical to efficacy, however, is the 
volume o(distribution of the drug, since extensive binding 
to plasma proteins can render a drug unavailable for ac-
tivity at the biophase. Therefore, the significance of blood 
level data greatly depends on the measure of the free or 
unbound fraction of total c.ntibiotics in the blood, which 
more directly indicates probable therapeutic benefit. 

Wiegand and Chun (210) showed that, despite the 
higher blood levels attained with erythromycin estolate 
(after correction for half-life differences), the stearate salt 
produced seven times more free drug in serum than did the 
estolate salt. This finding explained the higher total tissue 
levels observed on administration of the stenrate. They 
attributed the difference to a greater serum protein 
binding of the intact erythromycin estolate, proving that 
its higher serum levels did not necessarily reflect more 
efficient absoptlon 

Marked differences have been observed following oral 
administration of various salts of penicillin. Penicillin 0 
potassium has been compared with penicillin 0 benzathine 
(benzethacil) (211, 212). penicillin 0 hydrabamine (213), 
penicillin V (214), penicillin 0 procaine (212), and peni-
cillin C ammonium (215). As anticipated, penicillin 0 
potassium produced higher and earlier blood levels than 
penicillin 0 benzathine (211, 212). Furthermore, tablets 
of penicillin G potassium buffered with sodium citrate 
yielded higher peak levels than unbuffered penicillin 0 
potassium. While the absorption of buffered tablets was 
apparently not significantly affected by food Intake, the 
unbuffered tablets yielded lower average levels and ir-
regular absorption under similar conditions. 

When penicillin 0 potassium was compared with peni-
cillin G hydrabamine (213), a less soluble salt, blood levels 
similar to those produced by penicillin 0 benzathine were 
observed. When equivalent doses were administered, the 
penicillemia that occurred with penicillin 0 hydrabamlne 
was only one-third or one-fourth as great and was of 
shorter duration than that produced by penicillin 0 po-
tassium. 

Budolfaen et at. (212) found that peak concentrations 
of penicillin 0 potassium were three to four tunes those 
obtained with penicillin C procaine and five to six times 
those of penicillin C benzathine, Indicating a more rapid 
rate of absorptjon. The therapeutic action was related to 
the maximum concentration attained, but It also depended 
on the persistence of penicillemla, which was greater with 
penicillIn 0 potassium than with the other two compounds. 
The authors suggested that the lower blood levels attained 
with the relatively insoluble penicillin 0 benzathine were 
caused by Its destruction In the CI tract prior to absorp-
tion. This suggestion seems unlikely, however, since the 
drug should not degrade very rapidly as an undissolved 
suspension. 

SOCaUBC of Its superior stability In gastric juice, penicillin 
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V produces higher blood penicillin levels than corre-
sponding doses of penicillin C. As a result, extensive in-
vestigations have been conducted with various salts of 
Penicillin V (99,214-220). For instance, tablets, capsules, 
and oral suspensions of penicillin V acid produced signif-
icantly higher blood concentrations than comparable 
penicillin C preparations (214). In the same study, the 
average serum levels produce4by the benzathine salt of 
penicillin V were significantly higher than comparable 
doses of penicillin C benaHilns for the first 4 hr but lower 
thereafter, again Illustrating the value of using an insoluble 
salt to prolong blood levels of an acid-unstable compound. 
In another study (215), penicillin V acid was shown to 
produce higher and more prolonged plasma concentratInn 
than either penicillin C potassium or ammonium, whose 
properties were comparable. 

Plasma levels were correlated with dissolution rates of 
various forms of penicillin V (99). As solid dosage forms, 
the readily soluble potassium sad calcium salts produced 
earlier and higher blood levels in fasting subjects dsn - 
ther the free add or Its benzathine salt. On the other hand, 
when the potassium and bennathine salts were adminIa-
tered orally as solutions, absorption was the same, implying 
that the poor solubility of the benzathine salt was re-
sponsible for the inferior blood levels obtained from its 
solid dosage forms. Other studies found that, while the 
potassium salt Is 40% better absorbed than the free acid 
in fasting subjects, both forms produce therapeutic levels 
when administered with food (218). 

Experiments with flatulated dogs indicated that peni-
cillin v is absorbed primarily from the stomach. Therefore, 
It Is not surprising that the potassium salt should show 
higher blood levels on oral administration since it is the 
most soluble salt in gastric pH (216). In accordance with 
this observation, it was also reported that the benzathine 
salt exhibited higher serum levels in patients with gastric 
achiorhydria (pernicious anemia) than in patients with 
normal gastric function (219). Differences in gastric 
emptying time may also explain this result. 

Several studies compared the absorption of tetracycline 
and its salts (103, 221, 222). For example. serum concen-
tritions In dogs and humans showed that a phosphate 
complex salt of tetracycline was absorbed more rapidly and 
gave higher blood levels during the first 64 hr than did 
tetracycline hydrochloride (221). The total amount of dreg 
absorbed was about twice as great with the former com-
pound. 

Another study (222) suggested that tetracycline base 
produced higher blood levels than tetracycline hydro-
chloride. However, a subsequent investigation (223) 
showed that, In the absence of adjuvants or fillers, tetra-
cycline hydrochbride and tetracycline base were absorbed 
equally well. Results obtained in this same study indketad 
that tetracycline hydrochloride encansulated with citric 
acid produced higher serum concentrations than teiracy-
dine hydrochloride mixed with heiametaphosphate or the 
phosphate complex salt of tetracycline. 

lnastudy comparing urinary excretion rates and in vitro 
dissolution, the absorption of tetracycline and tetracycline 
phenolsulfonaphthaleinate fts rate limited by their dis-
solution rates, whereas tetracycline hydrochloride ab-
sorption was rate limited by the absorption process itself 
(103). 



Several lincomycin stilts were studied for their corn-
parative availabIlity (224). In blood levels 
obtained With the relatively water-InsoLuble hexadecyt-
su1tmatesaIt were compared to those of the hydrochloride 
following oral administration. Higher and extended whole 
blood and serum concentrations were obtained In mice, 
rats, and dogs with the hexadecylsulfamate However, 
subcutaneously administered Iincomycln did not produce 
significantly different fractions absorbed, regardless of 
which salt was administered. It is not known whether the 
greater area under the curve with oral administration of 
lincomycin hexadecylsulfamate is due to greater absorp-
tion from the GI tract, slower renal clearance, or greater 
enterohepatic circulations. 

Salts of streptomycin, neomycin, viomycin, and strep. 
tothrycin hare been formed with: (a) polyricrylic acids, (b) 
sulfonic or phosphorylated polyeaccharides, and (c) nat-
ural polycarboxyl acids from a series of polyuromc sub-
stances and polysaccharlde derivatives containing carboxyl 
groups (18). The report lndk*W that these salts were 
absorbed from the Injection locus primarily by the lymph 
system. Blood levels from the salts were generally lower 
but were maintained for a longer time than the equivalent 
amount of antibiotic alone, and higher concentrations of 
longer duration may actually be produced in the lymphatic 
drainage. 

The Influence of salt formation on the onset and dura-
tion of pharmacological activity also was illustrated with 
tolbutamide and several of its salts (101). Following oral 
administration, the sodium salt produced a rapid decrease 
in blood sugar level followed by a rapid recovery. By con-
trast, the free acid of tolbutamide caused a slow and pro-
longed drop in blood sugar level, a preferred effect since 
the chance of hypoglycemic shock would be lessened. This 
finding also illustrates the often overriding Influence of the 
actual disease state on the choice of drug forr. 

Additional references on the implications of salt for-
mation on absorption are listed in Table VIII. 

Phairnscokb’.etics�Because of the various new 
properties that are usually imposed on a compound by salt 
formation, the pharniacokinetics of the drug necessarily 
change as a function of these properties. 

For example, a phanuacokinetic evaluation comparing 
ampicillin sodium and potassium with ampicillin trihy-
drate was performed after oral administration to beagle 
dogs (243). The absorption rate constants of the sodium 
and potassium salts, which were similar, proved signifi-
cantly greater than the rate constant of ampicillin trihy-
drate, resulting in earlier, higher peak concentrations with 
two to three times higher serum concentrations during the 
let hr. Yet any differences between the fraction absorbed 
for the three products were not statistically significant. 
Apparently, although dissolution of the ampicillin trihy-
drate was the rate-limiting step in its absorption, the 
overall extent of bioavailabihty remained unaffected. 

An interesting study of the biliary excretion of eryth-
romycin base and erythromycin estolate was reported 
(244). The biliary excretion of erythromycln base was high, 
while that of erythromycin estolate was much lower, 
preferential secretion of erythromycin In the bile could 
partially account for the lower serum levels exhibited by 
the bane. However, the proportion of the Ingested dose 
secreted in the bile was small, and the total amounts In-

Table Vill�Additional References an Bloavailability 
and Absorption Mteratfon 

Topic Reference 

Blood levels produced by three theophyillno-coidalnlng 225 
elizire 

Naprvze** ulateorptien choracteristice 226 
Iitfectotfood on aheornilon of a new tori, of 227 

of tetracycline from 386 

Won of different 228 

229 
endue 230 

n rate of barbiturates In humans 231 
and atropine mucate 232 
of bephenluin salts in urine of human 233 
rs 
tone hls(Isothluronfun) saltu antituberculosis 234 

antituasive action of a resin-bound nascapine 235 
Lion 
logy utsultapyrldhte and auttathtazotc 236 
i orniasina conmautrattonsofnroaozvobene 237 

238 
Ow 239 
tohunuam 
raldoximes 240 
r 241 

242 

volved were not sufficient to account entirely for the dli-
ferences in serum concentrations attained. Undoubtedly, 
the protein binding studies of Wiegend and Chun (210) 
(discussed under Absorption Alteration) more satisfac-
torily explain the difference In serum concentrations. 

Often, salt formation can be used to modify drug ab-
sorption and dose tolerance favorably. For example, am!. 
nosalicylic acid exhibits a short half-life and, therefore, 
requires large and frequent doses which may cause gastric 
irritation. Consequently, different chemical forms such as 
salts have been prepared (119,248-247) to reduce the in-
cidence of gastric irritation, incre.sse absorption, and 
prolong blood levels. 

AminosalicyligL acid Is an interesting example in other 
ways; considerable confusion about this drug exists be-
cause many fail to recognize its nonlinear pharmacoki-
netics. Several definitive studies were reporte4.egarding 
the absorption of the acid and itii sodium, potassium, and 
calcium salts from solution, suspension, and tablet for-
mulations (245, 246). Comparison of the relative 
bioavailabilities of aminosalicylic acid suspended in water 
and Ite salts dissolved in water showed that, while differ-
ences in rate of absorption were found to exist, absorption 
of both the acid and Its salts was essentially complete. 
Absorption of the free acid from tablets reached only Tht 
of the dose, whereas that of the tableted saltswas rapid end 
complete. 

Regardless of formulation, the area under the plasma 
concentration-time curve of unmetabolized drug from free 
acid administration was less than that for the salts. This 
result was attributed to concentratIon-dependent me-
tabolism during absorption: when the rate of absorption 
is high, the metabolic processes become saturated end 
more unmetabdlisod drug remains in the blood; onnveisely, 
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Table IX�Additional References on Bloavahability and 
Pbarntaeoklnetics 

Topic Reference 

l’hartnun,tlrnomits .f fusfuuiein (phosphonomycin) after 248 
intrtWetwus edministral ion to humuns 

Phwnuvudinunini of phiophunomyein after oral 249 
odministejilon to humans 

Comparative studhu on distribution, excretion, and 280 
metabolism of aH.h1roxynIi* and its 14C.,nethkidlde 
in rats 

Phancukinstics of umpieiUin trlhydrate,ampicilhin 251 
sodium. and dkkixuciliin sodium following 
in(raimtsntiur lnjretkin 

Physiolldisphlonoffenopmfeu in humans: 252 
phnrnmn.khwtietomparlsun of celcium and sodium 
salts udu dswred simlh 

when the absorption ratti is low, as for the free add, a 
higher percentage of drug is metabolized. 

Additional references regarding bloavailability and 
pharmarokinetics are presented In Table IX. 

GENERAL PHARMACY 

Pharmacological Effect�Chiorproinazine hydro-
chloride and quaternary chlorpromazine chloride were 
investigated with respect to their effects on the central 
nervous system (CNS) (253). The quaternned compound 
was less potent and more toxic in rodents than the parent 
tertiary compound. 

Naloxone, an effective opiate antagonist, Is generally 
used as the hydrochloride salt; however, the drug has avery 
short duration of action. The mucate salt was prepared to 
extend its duration of action, since mucic acid is only 
slightly soluble In water (254). In a teat on the blocking of 
morphine activity in ipice, however, the mucate salt did 
not differ in duration from the hydrochloride. These in-
vestigators assumed the same receptor site for naloxone 
as for morphine and, since Heron’s (232) work suggested 
that the receptor had a greater affinity for morphine mu-
cate than for the free base, it also should have a greater 
affinity itt naloxone mucate. The results disproved this 
hypothesis. Furthermore, this theory implies that Intact 
.slt reaches the receptor, which is highly unlikely, re-
gardless of whether the drug is administered as a solution 
or as a suspension. 

A series of salts of 9-aminoacridine and its derivatives 
was prepared and screened for antifungal and antibacterial 
actiirity (255-257). By using salts of fatty acids, the anti-
fungal action was found to parallel the length of the carbon 
chain of the anion1 with maximal activity occurring with 
acridine caproate, undecylate, and undecylenate (where 
undecylenic acid also exhibits some intrinsic antifungal 
activity) (255). This result appears reasonable, because 
these salts would be more lipid soluble and could be ex-
pected to pass through the cell wall of the l.nlŁctlna ori 
ganism more readily, probably as an Ion-pair. 

The efficacy of bases or salts as topical anesthetics for 
relieving cutaneous Itch, burning, and pain in unbroken 
skin has also been examined (258). In these experiments, 
Itching and pricking were induced by an alternating cur-
rent of low amperage and voltage applied to the skin or by 
exposure of the skin to UV light. Interestingly, aqueous 
solutions of salts of the local anesthetics did not alleviate 
Itching or burning in any of the subjects, although satu-
rated solutions of their bases in a mixture of water, 40% 
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Table X�Addltkmal References on General Pharmacy 
and Pharmacological Effect 

Topic Reference 
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alcohol, and 10% glycerol were claimed to be effective Such 
transport phenomena across the stratum corneum axe 
often dependent on the polarity of the drug and vehicle 
and on the binding of the drug to keratin. 

Additional references on pharmacological effects can be 
found in Table X. 

Dialysis�Dialysis through a cellophane membrane of 
the hydrochloride or sodium salts has been studied with 
several drugs (270). In many cases, it appeared that the 
ionic form of the drug was bound to the membrane whereas 
the nonionlzed form was not. Ephedrine hydrochloride 
presented an interesting example, however, since it di-
alyzed considerably faster than its correspondingbese. It 
was theorized that the chloride ion dialyzed rapidly, en-
hancing the rate of dialysis of the ephedrine ion. Accord-
ingly, when chloride Ion was present on both aides of the 
membrane, the observed rate of dialysis for the ephedrine 
Ion was comparable to the ephedrine base. 

The diffusion of sodium chloride through a lipoprotein 
interface was very slow, especially licalcium chloride was 
present on both sides of the Interface (271). In the presence 
of low concentrations of choline chloride or carbamyl-
choline chloride, the diffusion of sodium chloride is more 
rapid. Apparently, choline salts are able to Increase the 
permeability of the lipoprotein to salts, which may relate 
to the physiological action of choline salts. 

MIsccllaneous�Release rates were determined for 
aminophylline, ephedrine alkaloid, and ephedrine hy-
drocblorule from theobrouna nil suppnrtltnrlea cnntainlng 
nonionic surfactente (133). While iurfactont.s with by. 
drophilic-lipophilic balance (HLB) values less than Ii only 
minimally affected release rate, rates Increased with stir-
factants of HLB values greater than 11. Under optimal 
conditions, aminophyiline was faster than ephedrine hy-
drochloride which, in turn, was superior to the ephedrine 
bass. 

Willis and Banker (272) reported on thejprmation of 
polymer-drug salts as an approach to the ptzyaIctemicaI 
design of dosage forms. Poly(methyl vinyl etherualeic 



anhydride) salts of methapyrilene were prepared and 
tested with the free base for in vitro dissolution and dial-
ysis. Their dissolution and dialysis rates were not appre-
ciably different from the free drug or its hydrochloride salts 
Various poly(methyl vinyl ether/maloic anhydride) hem-
lester salts of methapyrilene exhibited substantially slower 
release than the polymer ether salts, hydrochloride salt, 
or free base forme Polyiuer’-drug salts thus appear to have 
promise. 

A series of metallic salts of edetic (ethylenediamine-
tetraacetic) acid were tested in vitro to determine their 
effect on blood coagulation (273). The results showed that 
only the dipotassium and disodium salts had any effect on 
coagulation. It was theorized that the tack of anticoagulant 
activity resulted from an almost omplete suppression of 
ionization of the heavy metal salts. 

Interesting research regarding the angina-preventive 
effect of some chromone-2-carboxylate salts showed a di-
rect correlation between biological activity and pKa of the 
salt-forming amines (274). 

Lin et at. (112) investigated the relationship between 
salt form and biological activity of a given antihyperten-
sive. While the intrinsic dissolution rates of the dihydro-
chloride and disulfate salts were many fold greater than 
the monobydrocbloride, the hypotensive potencies of the 
salts did not differ significantly from one another in an 
anesthetized dog study. Yet, when administered to renal 
hypertensive dogs, the dihydrochioride and disulfate salts 
produced greater hypotensive effects than did the mono-
hydrochloride. 

TOXICOLOGICAL CONSIDERATIONS 

Toxicity of Salt Ion�Any discussion regarding the 
toxicity of salts of a drug must consider the pharmaco-
logical properties of the cation or anion used to form the 
salt as well as those of the free drug, since any of these may 
produce toxic effects. The toxicology of several Ions that 
are commonly used to form salts and that are relevant to 
this review were discussed in depth (276). 

Toxicity from ingestion of calcium salts of drugs is rare. 
If bypercalceinla occurs, however, calcium deposits in the 
kidney can bring on a reduction of renal function. The 
principal toxic effects of lithium also involve the kidneys. 
When small amounts of lithium are taken, no apparent 
damage occurs; yet large amounts of the metal can lead to 
irreversible damage. An apparent correlation was observed 
between lithium dosage and sodium intake 276). When 
lithium dosage was low or sodium intake was high, rats 
were able to excrete all lithium given and sustained a re-
versible polyuria. Conversely, if large amounts of lithium 
were administered to the rats or litheir sodium intake was 

- ! rodthcyincurrc44rrc;slbe k due }wnage  Am, 
monium ion, although it serves a major rule In maintenance 
of the acid-base balance of the body, can be toxic In high 
concentrations and initiate CNS derangements. 

Sulfate ions given orally tend to be minimally absorbed 
and may act as a laxative. The nitrate ion is irritating to 
the CI tract, causing nausea and gastric distress. Also. In-
testinal bacteria may convert the nitrate Ion to nitrite 
which oxidizes hemoglobin to methemoglobin. The citrate 
Ion, an intermediary In carbohydrate metabolism, can form 
a soluble complex with calcium which is poorly disaoclabte 

and rarely causes any toxic reactions. While tartrate ions 
are usually absorbed minimally from the 01 tract, high 
concentrations reaching the circulation can cause renal 
damage. 

Acetate and lactate ions are normal metabolites and 
appear to be well tolerated in relatively large amounts. 
Iodide and bromide Ions can produce conditions known as 
lodism and bromidiam, respectively. Bromide intoxication 
occurs quite frequently, since bromides are used as in-
gredients in some nonprescription preparations (277-280). 
Bromide is slowly excreted by the kidney (its half-life is 
12 days) and tends to accumulate when taken for pro-
longed periods or when used by patients with decreased 
renal function (271). 

Toxicity of Salt Form�Provided the salt-forming 
agents are nontoxic, the relative toxicitieaofa oaks ofsalts 
of a compound are often observed to reflect directly their 
absorption rates. For example, the toxicitlea of dibrowide, 
dichloride, difodide, and dimethylsulte salts of qulna-
pyranune3, a trypanocidal drug, were determined (238). 
The sparingly soluble halogen salts were much less toxic 
subcutaneously or intramuscularly than the freely soluble 
dimethylsulfate, yet all salts showed about equal toxicity 
upon intravenous administration. The difference in tox-
Icities obviously resulted from rapid absorption of the 
methylsulfate compared to the slowly absorbed, poorly 
soluble halogen salts Similar reasoning has been used to 
explain the acute oral toxicity of propoxyphene hydro-
chloride In rodents, which is twice that of equlmolar doses 
of the napsylate salt (281). 

Several salts of benaphetamine and etryptamine were 
prepared as potential sustained-release formulations (114). 
The water solubility, in vitro dissolution rates at pH 1.0�
and 7.2, and the median lethal times (LTao) were deter-
mined for each salt. Both the Use and LDse (determined 
on only a few salts) increased as the in vitro dissolution rate 
at pH 7.2 decreased. While dissolution at pH 1.0 did not 
correlate well with toxicity, the LT50’s were inversely re-
lated to the square root of the dissolution rates at pH 
7.2. 

Toxicity studies comparing iopanoic acid, a choleŁya-
tographic contrast medium, with Its sodium salt (115) 
showed that the salt form has 10-fold greatertoxicity. The 
LDss’$ of the free acid and the salt were 22 and 2.32 g#kg, 
respectively. It was postulated that the free acid precipi-
tated from the sodium salt upon Its reaction with gastric 
hydrochloric acid. The fine, amorphous particles of pre-
cipitated acid had a greatly Increased surface area and, 
therefore, dissolved more rapidly than even fine crystals 
of the free acid. The faster and more complete drug ab-
sorption then resulted in increased toxicity. 

Salts exhibiting greater water solubility than their- - 

toxic. For example, various Inorganic and organic Ions were 
used to prepare salts of methyl pyridinium-241doxime 
that would have greater water solubility and would elim-
inate undesirable side effects due to the iodide ion (95). 
Even though the aqueous solubility of the majority of then 
salts was many times greater than the Iodide, their toxicity 
on a molar basis was not significantly different, with the 
exception of the dihydrogen phosphate salt which was 15% 
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more toxic. Further research with oximea revealed that 
other salts are also toxic (282). 

GI bleeding Isacommon toxic effect of aspirin for a large 
percentage of the population. Consequently, a search was 
initiated for an aspirin derivative that would not induce 
GI blood loss (283). All compounds prepared, however, 
Including the sodium and calcium salts, caused 01 hem-
orrhage with a severity similar to aspirin. 

Polyeue antibiotics are potent antifungal agents but 
bear considerable tozkity. Even though the methyl ester 
hydrochlorides of these compounds are more soluble, they 
retain almost all of their antifungal activity and, more 
significantly, shown uniform decrease in toxicity compared 
to their parent compounds (284). 

Additional references on toxicological considerations 
of salt formation are given in Table XL 

(\F CONCLUSIONS 

Salt formation is a means of altering the physical, 
chemical, and biological characteristics of a drug without 
modifying its chemical structure. CLearJy, the salt form can 
have a dramatic influence on the overall properties of the 
parent compound. At present, selecting a salt form that 
exhibits the desired combination of properties is a difficult 
semlempiricaj choice. Pharmaceutical scientists now rec-
ognize these facts and are beginning to study the effects 
of different salt forms on the physicochemical properties, 
bioavailabiity, and toxicity of drug substances. 

Although now only a few generalizations are available 
to predict the effect of particular salt forms on the char. 
acteristica eta drug, perhaps in time it will be possible to 
evolve increasingly ztore powerful generalizations re-
garding the effect eta salt on the properties ofita parent 
compound. In addition1 we predict that polymer-drug salts 
Will have a revolutionary effect on future trends In drug 
thapy, particularly In the areas of reducing drugtoxicity 
OW In controlling the release profile of novel drug delivery 
syateme. 
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1(3S.91i)-3. pal-

oxetine) Is a selective serotonin reuptake inhibitor (SSRI) used as an antidepressant in humans. 

In previous studies, we reported that certain (LR)-34substituted phenyl)nortrOpafle-2P-
carboxylic add methyl esters (2a) exhibited high affinity and reasonable selectivity for the 

serotonin transporter (5-HTT’). The major structural differences between 2a and (3S,4R)-3 

are that 2a possesses a different absolute stereochemistry and has an ethylene bridge not 

present in 3. In addition. Za possesses a carbomethoxy substituent adjacent to the aryl ring. 
whereas (3S.4A-3 contains a 13.4 .(mcthyienedloxy)phenoxyl methyl group. In this study, we 
present the synthesis and biological evaluations of six of the possible eight isomers of 3-(4-
fluorophenyl)2tI3.44methytenedlOxY)PhenOXYJmethYlIfl01tr0Pane (4). The data for Inhibition 
of 13Hlparoxetine binding show that (lR)-2/3.3a-4c, which has the same stereochemistry as 
paroxetine. has the highest affinity at the 5-I-lU. Strikingly, the most potent compounds for 
inhibition of 131-IIWIN-35.428 binding were not the (IA-2/3,3fl.isomers but rather (l)-2fl.3a-
4c and (I S)-2fi.3a4f. Conformational analyses show that these Isomers exist in a flattened 
boat conformation with pseudoequatorlal substituents. Thus, the binding data show that this 
conformation Is recognized by the DAT-associated binding site and also suggest that this 
conformation of paroxetine is recognized by the 5-HTT-associated binding site. 

Much research has been devoted to gaining an un-
derstanding of the pharmacological action of cocaine 
(i).0 Considerable evidence suggests that the reinforc-
ing or addicting properties of cocaine are due to its 
ability to inhibit dopamine uptake in the limbic brain 
area-3-7 Similar to dopamine, the reuptake of previ-
ously released serotonin plays the major role In regulat-
ing the synaptic. availability of serotonin and thus 
serotonergic neurotransmission. Numerous neurochem-
Ical and behavioral outcomes are known to result from 
the treatment of animals with serotonin uptake Inhibi-
tors. For example, neuroendocrine, anticonvulsant, and 
analgesic effects, as well as changes in food Intake and 
alcohol consumption, are observed.8 In addition, evi-
dence suggests that inhibition of serotonin reuptake 
modulates the reinforcing properties of cocaine.913 
Even though the importance of the serotonin trans-
porter In mediating the neurochemical and behavioral 
actions of cocaine is now recognized, the molecular 
mechanism of action and regulation of this transporter 
are not well understood. 

We. and others, have reported that certain (IA)-3fl. 
(substituted phenyl)nortropanes possessing 28.carbox-
ylic acid ester groups (2a)’4 and 2,6-ketone groups (2b)’5 
exhibit high potency at. and reasonable selectivity for. 

Research Triangle institute. 
’Current address Department of Chem". Delaware Valley 

College. 700 East Butler Ave. Doylestown. PA i8901 

UCtu.rent address  D"natentorntannamlolly.Niieastern Ohio 
University. College of MedicIne. 4209 State Route 44. Rootatown, OH 
44272. 

A Current address Yerkes Regjonal Primate Research Center. Emory University. 954 Catewood NE. Atlanta, CA 30329. 

the serotonin transporter relative to the dopamine and 
norepinephrine transporters. These compounds share 
structural features with the 4-(4-fluorophenyH-3413,4.. 
(methylenedloxy)phenoxyjmethyljpiperidine (3) class of 
serotonin uptake inhibitors. The serotonin uptake 
Inhibitor paroxetine. which is (3S.4l-3. has proven to 
be an effective antidepressant in humans.8 Both classes 
of compounds. 2 and 3. contain a piperidine ring with 
an aryl moiety in a similar position. The major struc-
tural differences between 2a and (3S,41)-3 are that (a) 
In 2a the substltuent fi to the amino group Is a 
carbomechoxy group whereas the analogous position In 
3 is occupied by a 13,4-(methylenedioxy)phenoxyjmethyl 
group. (b) the substituents in Za are cis to each other 
while they are in trans orientation in (3S,4A.3, and (c) 
in the nortropane 2a the positions a to the amino group 
are ethylene bridged. To gain a better understanding 
of the important structural features required by the 
nortropane class of compounds for good affinity and 
selectivity at serotonin transporters, we have prepared 
and evaluated the transporter binding properties of six 
of the possible eight isomers of 3-(4-tluorophenyl).2-
1l3.4-(methylenedioxy)phenoxyjmetliyllnortropane (4). 

Synthesis 

Scheme 1 outlines the general synthesis used to 
Prepare the nortropane analogues 4. Lithium alumi-
num hydride reduction of the appropriate 344-fluoro-
pheny0tropane-2-carboxyuc acid methyl ester Isomer  
gives the 2-(hydr)xymethyl)tropane 6. Treatment of 6 
with methanesulfonyl chloride afforded the 2-hydroxy. 
methyl mesylate which, when heated in a tetrahydro. 

S0022-2623(97)00669.9 CCC: $15.00 0 1908 American Chemical Society Published on Web 01/15/1998 

easooco..xp _.__2311009A I 



248 Journal of Medicinal Chemistry. 1998. Vol. 41. No.2 

Scheme 1 

CK3, C1431 

UA 

j I.CH,S020 

Iccj2.NaO 
NF. OMF 
1Bwn4 

1. ACE’CI ?C"P] 
,_69’?a cIcH20120 

2. CH3OII. heat 
of 

I. ci3ccH2ococi 
tZoHOAc 

co2cw3 

X * 

*N’ 1k1cP 
IUTarEDMP (5:1) mixture containing 18’crown-6 with the 
sodium salt of sesamot. yields 3-(4-fluoropheny.2-II3,4-
(methylenedioxy)phenoxylmethyljtropane 7. N-Demeth-
ylation using 1-thioroethyl chloroformate (ACE-Cl) In 
ethylene dichloride followed by treatment with metha-
nol, or using trlchloroethyi chloroformate followed by 
treatment with zinc, affords the nortropane analogues 
4. 

The synthesis used to prepare three of the 3-(4-
ffuorophenyl)tropane-2-carboxyiic acid methyl esters (5) 
(possessing the (M-configuration) Is shown in Scheme 
2. The addition of (p-fluorophenyl)magneslum bromide 
to anhydroecgontne methyl ester (8). which was derived 
from (-)-cocaine as previously reported. gives (1R)-
2fl,3fl..5.16 Isomerlzation of (ll-2#.V-5 with sodium 
methoxide In methanol affords (lR)-2a.,3fl-5. The ad-
dition of (p-fluorophenyl)lithlum to the a$-unsaturated 
1,2,4-oxadiazole 9 gives the cis-addition product 10. 
Subjection of 10 to reduction with nickel boride In 
methanol results in conversion of the oxadiazole to a 
methyl ester and effects complete Isomerization at the 
2-position to give (IJO-2P.3Q-5-17 We had hoped to 
prepare (1$-26,3cL-5 by appropriate modification of this 
reductive opening of the oxadlazole ring to the 2p-
methyl ester. However, all attempts to effect this 
conversion resulted In Isomenization of the 2a group to 
the *Isomer. 

Three of the (1.5) Isomers of 3-(4-fiuorophenyl)tropane-
2-carboxylic acid methyl esters were prepared by routes 
given lnScheme3. Thesynthesisof12-14, (lS)-2P.3a-
5, and (15)-2fl,3p-5 is analogous to that presented In a 
preliminary communication for the synthesis of the 

Keverline-Prantz 

corresponding (ll) analogues.18 The addition of N-
phenyitrlfluoromethanesulfonimide to a tetrahydro-
furari solution of (I S)-2-carbomethoxy-3-tropinone (11)19 
containing sodium bis(trimethylstlyl)amide yielded tn-
fiate 12. This triflate was utilized In two ways. Treat-
ment of 12 with triethylatnine. formic acid. triphenyl. 
phosphine. and palladium catalyst gave (15)-anhydro-
ecgonine methyl ester (13).1* The (IS)-3ft-(4.fluoro-
pheny0tropane-2/3-carboxylic acid methyl ester 1(15)-
2fl,3P-51 was synthesized as described previously for 
(1l-2/L3fi-5.16 Treatment of (1.S)-2fl,3fi4 with sodium 
methoxide in methanol afforded (1S)-2a.3fl-5. Reaction 
of 12 with (4-fluorophenyl)boronic acid in refluxing 
dlethoxymethane using tnis(dlbenziiideneacetone)di-
palladium(0) as catalyst. followed by chromatographic 
purification, gave the (4-fluorophenyl)tropene 14,18 Re-
duction of 14 with samarium (El) iodide at -78 *C using 
methanol as the proton source, followed by quenching 
with trifluoroacetic acid at 0°C. gave a mixture of (IS)-
3a-(4-fluorophenyl)-2fi-carhoxyllc acid methyl ester 1(1S)-
2fl,3a4J as the major product and (1 .5)-3ft-(4-fluoro-
phenyl)-2fl.carboxylic acid methyl ester R1S)-2fl.3fl-51, 
which were separated by column chromatography. 

Specific structural and stereochemical assignments 
were made for the compounds (1I-7 and (1J)4 using 
ID ’H and 13C NMR spectra and 2D COSY.202’ NOE-
SY.22 and 14QMC23 spectra. Thus, the presence of a 
large (10.6 Hz) coupling In the pattern of H3 In the ’H 
NMR spectrum of(1J-2fl.3.7a requires 1-13 to be axial. 
showing that the aryl substltuent at C3 must occupy 
the equatorial (8) position. Similarly, the magnitude 
of _4,3 (5.8 Hz), which is characteristic of axial-equato-
rial coupling, taken together with the axial nature of 
H3. mandates that H2 must be equatorial, confirming 
the fl-position of the C2 substituent. The observed 
NOESY Interaction between H3 and HG further con-
firms the axial configuration of H3 and requires that 
(114-2fi,3fl-7a be In the chair conformation. Similar 
arguments confirm the structural assignment of 2fl.3-
4a. The observation of two large coupling constants (J 

12.0 Hz) for H3. which are both (COSY) associated 
with H2 and H4p, characterize the structure of 2a,3fl. 
Th. The observed NOESY Interactions of 1-12 with H4ft 
and of H3 with H6 provide further evidence for the 
2a.3fi-sterochemlstry and show that the compound is 
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In the chair conformation. The structure of the N.nor 
analogue 2a.3p-41b is deduced from similar consider-
ations. The compound 2ft.3(x.7c also exhibits two large 
couplings and one smaller coupling for H3. The large 
couplings (J 10.8 and 10.3 Hz) are associated with 
HZ and H4a, respectively, while the smaller coupling 
(J= 8.3 Hz) Is associated with H4$. In addition, the 
NOESY spectrum shows an Interaction between H2 and 
H40. These observations cannot be reconciled with a 
chair conformation for this compound. Since the struc-

Nhe_coacH3 cHacH 

(1RI.2p,3u-5 

F 

tures of the 3$ Isomers are definite, this Isomer must 
possess a 3a substituent. I.e.. 1-13 must be equatorial. 
However, the two large coupling constants between H3 
and its Seminal neighbors are Inconsistent with dihedral 
angles of �60°, which  are associated with equatorial�
equatorial or equatorial�axial protons In a chair con-
formation. Therefore, the preferred conformation for 
this compound must be boarlike. This observation is 
supported by molecular modeling where the global 
energy minimum conformation was found to be a 
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Table I. Comparison of Transporter finding Potencies of the isomers of 4 and 7 

lC (nM)a 

sterenchemistry 5-HT DA NE DA/5-HT NE/5-IIT 

compd R 2 3 l3Hlparosctlne IN II WIN 35.428 laHINIsoxetIne ralloh ratiob 

paroxetlne 0.28 * 0.02 623+25 535 – 15 2230 1910 

(IM-7a CH3 p p 294:h 18 308 – 20 5300 
* 

450 1.0 1$ 

(IM-4a II ft ft 480 121 835 190 374001 1400 1.7 78 

(IM-7b Cl 13 a ft 52.9–3.6 172– 8.8 26600* 1200 3.3 500 

(l!.4b 11 a ft 90 
– 

3.4 142:L 13 2500 * 250 1.6 28 

(1!.7c C113 ft a 422+16 3.01 * 0.2 123 * 9.5 0.001 0.29 

(IR.4c H ft a 5.62:k 0.2 3.86 
– 

0.2 14.4+ 1.3 0.7 2.6 

(l5)-7d CH3 ft ft 88.1 – 2.8 1050 – 45 27600 – 1100 12 310 

(I.S)4d H 
p 

ft 124–15 1210–33 17300– 1800 2.9 II 

(15)-7c CH3 a ft 447*47 1500* 74 2,9i0– 1950 32 640 

(I 5)4e H a /1 S5.8* 5.73 27.6 * 2.4 1690+150 0.49 30 

(I5).7f CH3 ft a 179+13 298+ 17 1240D* 720 1.7 70 

(I5)4f H ft a 19*1.8 407–33 1990*176 21 lOt) 

Data are mean * standard error of three or four experiments with triplicate values at each concentration. b DA/S-}f I and NE/5-HT 

are ratios of lCo values. 

flattened boat. This conformation Is preferred over the 
lowest energy chair conformation by >3 keel/mo!. The 
similarity of the NMR parameters of the N.nor analogue 
2fi,3a-4 Indicates that it exists in a similar conforma-
tion. 

Ligand Binding Studies 

lCo values at the DA, NE. and 5)-IT transporters 
represent Inhibition of 0.5 nM PHI WIN 35.428.0.5 nM 
13Hlnlsoxettne. and 02 nM [3H]paroxetine binding. 
respectively, and were determined as previously de 
seifld24 The ICs, values for paroxetine, the six 
nortropane analogues 4. and six N-methyl analogues 7 
are listed in Table 1. 

Discussion 

Cocaine (1) is an Inhibitor of the neuronal transport 
of norepinephrine (NE). dopamine (DA). and serotonln 
(S-Hi) at roughly similar concentrations. I.e., with IGs 
between 220 and 310 nM-25 Biochemical binding stud-
ies indicate slight DA selecdvity.27 In recent years, 
structure-activity relationship studies of cocaine ana-
logues for binding at monoamine transporters, particu-
larly at the dopamine transporter, have been 
exp1ored,232 and some structural modifications that 
result in selectivity for the dopamine transporter over 
the norepinephrine and serotonln transporters have 
been reported.3335 In the introduction section. we 
pointed out that serotonergic activity may affect the 
reinforcing effects of cocaine. Since the In vitro potency 
of cocaine (1) to inhibit serotonin reuptake Is essentially 
Identical with its potency to inhibit dopamine reuptake, 
some of the pharmacological properties of cocaine might 
be due to Its Inhibition of reuptake of serotonin. Even 
though the Importance of the serotonln transporter In 
mediating the neurachemlcai and behavioral actions of 

cocaine is now recognized. the biochemical mechanism 
of action and regulation of this transporter Is not well 
understood. 

The nortropane derivatives 4 were designed to be 
similar to known serotonin uptake inhibitors 3. Both 
classes of compounds contain a piperidine ring with a 
4-fluorophenyl group and a 13.4-(methylenedloxy)phe-
noxy1methyl moiety in similar positions on the ring. The 
eight possible Isomers of 4 are listed In Figure 1. The 
major structural difference between 3 and 4 is the 
presence of an ethylene bridge, not present in 3. which 
leads to reduced conformational heterogeneity. For 
example, whereas the piperidine ring in the (3S.4l-
Isomer of 3, which Is paroxetine, may interconvert 
between the chair conformations C and Cm and the 
boat conformation Sm and Bes. the plperldine ring in 
the analogous Isomer of 4 can only lnterconvert between 
the chair and boat conformations (see Figure 2) but not 
between two chair conformations. In the series of 
analogues 3, the potency of paroxetine. Le.. the erans-
(+)-3S,4R Isomer, exceeds that of the other Isomers by 
factors of 60160.36 This Isomer may exist in either a 
diequatorial (Ce.j or a diaxlal (Cm) chair conformation, 
as well as In boat conformations Sm and 5it, all of which 
are Interconvertlble. The chair conformations Cm and 
Co are mimicked by the isomers (1I-2fi,3a4c and (15)-
2o.,3j14e, respectively, each of which can adopt a boat 
conformation, but which are not interconvertible, There-
fore. It would be expected that. If conformation Cm were 
responsible for the high potency of paroxetine, (15)-
2a,3I4e would possess high potency to inhibit PHI-
paroxetine binding. Conversely. If conformation Cm 
were the potent form of paroxetine, (lTh-2fi,3a-4c would 
exhibit high potency. However, since the chair confor-
mation of (1I-2fl,3a-4c possesses two axial substitu-
cuts, the chair may not be the energy minimum con-
formation for this compound. Thus, we had found that 
although the chair Is the preferred conformation of aliococaine. the (20.,3a)-diaxlal Isomer of cocaine, boat 
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Figure I. Isomers of 4. 

conformations were preferred for diaxtal analogues of 
3aryltropafle2.CarbOXybteS.17’ 

Binding affinities at the 5-HI transporter, determined 

by Inhibition of t3H)paroxetifle binding (Table 1). show 

that the diequatorial Isomers. (I J4-2u.3/3-4b and (1.6)-

2043fi4e. are substantially less potent than the diaxial 
Isomers. (1 m-2p.3a-4c and (IS)-2.3a-4f. demonstrating 
that conformation C which may well be the low-energy 
conformation of paroxetine, is not well accommodated 
by the receptor at the 5-HT transporter. The most 
potent of the isomers Is 

(lm -2/3,3a-4c, suggesting that 
Its conformation best mimics the conformation of par-
oxetine which Is recognized by the receptor. Since the 
preferred conformation of the plperldine ring of (IR)-
2fl.30L-4c is a substantially flattened boat. It appears 
that a relatively flat conformation may be required for 
paroxetine to bind the receptor at the 5-HI transporter. 
Such a conformation could resemble both the (I M- and 
the (1.5)-Isomers of 2$,34-4c, and indeed, the potency 
of (19-2.3a4c Is only 3.4 times greater than that of 
the (1.5)-isomer, The more than 1 order of magnitude 
lower potency of (1)’2,3a’4c (IC50 = 5.62 nM) relative 
to paroxetine (IC50 = 0.28 nM) may be due to static 
Inhibition of binding by the ethylene bridge In (1 - 
2fl,3a-.4c. 

The fact that several 3$-(para-3ubsth.uted phenyO-
tropane-Zft-carboxylic acid methyl esters, which possess 
the natural (110-cocaIne stereochemistry, have high 
afifinity at the 5-HT site3s suggested that (1A)-2p,3p-
Alm (I.e., an analogue of the cis Isomer of paroxetine) 
might also possesss high affinity at the 5-HI trans-
porter. Additionally. It had been shown that N-dc-
methylation of 3P-(P’fluorophenyO-2p-carbomethoxy.. 
tropane (WIN 35.428) to give the Nnor analogue (Rh-
142) resulted In increased affinity at the DA, 5-HI, and 
NE transporters.39 The data In the Table indicate that 
these observations do not generalize to this set of 
compounds. In other words. N-demethylation leads to 
Increased potency at 5-HI transporters only for the 
Isomers which preferentially exist in a boat conforma-tion; the effect on potency at DA and NE transporters 
appears to be random. In addition, It was surprising 

(1R)-2j.3CI)4C (1R)-(20.30)40 

OAr1 

Ar2 
OAr1 Af2 

(1S)-12ft31)-4f (I8).(20,30)441% 

to note that both (1Th-2j5.311-4a and (IS) 2p.3p4d had 

low affinity for all three transporters. The low affinity 

of (1R) -21L311-7a and its N-nor analogue (1li)-2.3-4a 

at the DAT relative to the (lJ-2fl,3o-Isomers is par-

ticularly striking. Thus, since the ratio of potencies to 

Inhibit radloligand binding at the DAT for cocaine, 

which has the (lTh-2fl,3P configuration, to allococaine. 
which has (1l-2j3,3ci configuration. Is 59,40 it might 
have been expected that the potency of the (I JO-20,3p-
7a and (114-2p.3114a would exceed that of their (1I -
2.8,3u-isomers. instead, the ratio is 0.01 for (IM-2.8.3p-
7a to (IM-2.8,U-7c: and 0.005 for (1J-2P.3Il48 to (110-
2/3.3u.4c. This unexpected result may be attributable 
to the flattened boat conformation of (1 A)-2p.&t-7c and 
(1R)-2f3.3a4c. A less striking but similar situation had 
been observed for the Isomeric 3-phenyl-2-(3-methyl-
1,2.4-oxadlazol-5-yl)tropanes. where the potency of the 
2,3a isomer, which exists in a boat conformation, was 
only slightly lower (1.48) than that of the 2,3/J isomer. 
which exists in a chair conformation.37 

Conclusions 

Six of the possible eight stereolsomers of 3-(4-fluoro-
phenyfl.2It3.4(methylenedfoxy)phenoxyJmethyIJ. 
nortropane (4) have been prepared as analogues of 
paroxetine. Ligand binding data show that (i1 -2,8.3u-
4c. which Is one of the isomers that has the same 
relative stereochemistry as paroxetine, has the highest 
affinity for the 5-I-if transporter. Since this isomer 
exists in a flattened boat conformation with pseudo-
equatorial substituents, it appears that a flattened boat 
conformation of paroxetine is recognized by the binding 
site at the 5-HT transporter. The order of magnitude 
tower potency of (1S)-2ct.3-4e, which Is the other Isomer 
that has the same relative stereochemistry as parox-
etine, confirms that a chair conformation with two 
equatorial substftuents is not recognized by the 5-HI’ 
transporter-associated receptor. The good affinity of 
(IM-2a,3a-4c and (IM-2.8.3a-7c at the DA transporter suggests that tropane analogues which exist In a flat-

0NSOOC$D .XP 100M  -1 



I Ir 

2520otM 11  

Be. 

j998. Vol. 41. Na. 2 

Figure 2. Chair and boat conformation& 
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toned boat conformation with pseudoequatorial substit-
uents are well recognized by the DAT-associated binding 
site. 

Experimental Section 

Melting points were determined on a Thomas-Hoover capti-
lacy tube apparatus. All optical rotations were determined 
at the sodium D line using a Rudolph Research Autopol Ill 
polarimeter (I des cell). Thin-layer chromatography was 
carried out on Whatman silica gel 60 TLC plates, and flash 
chromatography was conducted on silica gel 60 (230-400 
mesh). Visualization was accomplished under UV or In an 
Iodine chamber. Mlcroanalyses were carried out by Atlantic 
Microlab. Inc. Tropinone was purchased (roes Lancaster 
Synthesis. Inc.. and samarium Iodide was from Fluka Chemi-
cal Corp. All other chemicals were purchased from Aldrich 
Chemical Co. Inc. ThF and ether were freshly distilled from 
sodium benzophenone. All other reagents were used without 
further purification. 

Nuclear Magnetic Resonance Studies. Routine NMR 
spectra were obtained on a Bruker AM-250 spectrometer. 
COSY. NOESY, and HMQC spectra were recorded on a Brakei 

Ker1t"’" 

AMX-500 spectrometer operating at 500.13 MHz for ’H using 
a Bruker 5 on.  inverse detect broadband probe. The double 
quantum filtered phase sensitive COSY and NOESYn were 
acquired as 1024 x 512 data points with a spectral width of 
4800 Hz In both dimensions. The data were apodized with a 
squared sine function and zero filled to 2K x 2K data points 
prior to Fourier transformation. NOESY spectra were ob-
tained with a 1200 tin mixing time and a recycle delay oil s. 
Hetemnudear multiple quantum correlation (HMQC)n spectra 
were acquired as 1024 x 256 data points with a spectral width 
of 4800 Hz In P2 and 24375 Hz in Fl. An average coupling 
constant of 145 Hz was used to optimize tI2Jcu delays. The 
data were apodized with a squared sine Function and zero filled 
to 2046 x 512 data points prior to Fourier transformation. 

Molecular Modeling Studies. Molecular modeling was 
performed on a SQL 02 using Sybyt 6.3’ and Spartan.0 
Minimum energy structures were obtained using the simulated 
annealing module in Sybyl. For each structure. 50 cycles were 
calculated with a simulated temperature of 500 K for 500 Is 
and then annealed to 200 K For 500 (a with an exponential 
ramping function. The overall boat or chair conformation was 
maintained during the annealing procedure by plating a 
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penalty function on the N -Ca torsional angle with an equi-
librium value of 9° for she boat  conformation and 65° for the 
chair conformation. The lowest energy structures for each 
conformation were transferred to Spartan where the structures 
were further optimized using MM3; then the heats of forma-
don were obtained from semleinpirlcat (AM I) quantum me-
chanics calculations. 

General Synthesis of 3-(4.Fluorophenyl)-2.(hydroxy. 
.nethyl)tropane (6). A solution 015 (3.0 nirnol) in 10 mL of 
ft20 was added dropwise to a coaled slurry (0 °C) of lithium 
aluminum hydride (5.0 mmol) In 20 niL of anhydrous E120. 
The reaction mixture was stirred at room temperature for 2 h 
and then cooled to 0 ’C and quenched with Ni 14C1 (-’-3 mU. 
Water was added, and the layers were separated. The aqueous 
layer was extracted with ErO. The organic layers were 
combined, and the solvent was removed to afford a white solid 
which was recrystallized from hexanes or EtOAc. Results from 
each Isomer are described In the following experiments. 

(LR)-3-(4-FIuorophenyI)-2/7-(hydroxymethyfltro-
pane l(1Th.2/J,3p-61. Recrystallization from hexanes gave 
0.745 g (83%) of white solid: mp 75-78 ’C: Ia1 59.8° (C 

0.5. CHCII ’H NMR (CDCI3) ô 1.46 (’ii. I H). 1.58-1.67 (in. 
IH), 1.72 (s. IH). 1.75 (5. iH). 2.16 (m, 211). 2.28 (s. 311). 2.50 
(m, IH). 3.07 (m. 114). 3.35 (in, 211). 3.46 (m, IH). 3.75 (rn 
111), 7.01 (m. 211), 7.32 (m. 211). Anal. (C15H20FNO) C. H. N. 

(I R).3,0.(4-Fluorophenyl) .2a.(hydroxymethyl)tro-
pane I(1R).2o,3fl-61. Recrystallization from EtOAc gave 
0.494 g (79%) of white solid: mp 174-176 ’C; lab +26.3° (C 

0.62. CHCI3): ’Ii NMR (CDC13) a 1.54-1.62 (m, 211). 1.70-
2.22 (m. 6H). 2.27-2.35 (ni. 11-1). 2.35 Cs. 319, 3.20-3.41 (m. 
411), 696 (m. 211). 7.18 (m. 2110; 03C NMR (CDCI3) 6 162.33 
(d). 139.21.128.77. 128.64.115.08.114.74.62.41.61.43.48.58. 
40.84, 40.59. 37.19, 25.48. 21.26. Anal. (C,5H20FN0) C. H. 
N. The alcohol was converted to the n-tartrate salt. Reciys-
tallization from MeOI4/ft2C) gave a white hygroscopic pow-
der: mp 89°C (fusIon): ’H NMR (CD30D) 61.88-2.39 (m. 710, 
2.72 (Zn. 114). 2.87 (s, 31-1). 3.25 (dd. 214). 3.96 (m. IH). 4.07 

(in, IH). 7.05 (m. 2H). 7.31 (in. 21-1): boo +3.5’ (c 0.20. 

CH30H). Anal. (C5214a,FNO7) C H. N. 

(1 
pane 10R)2P.t-01. RecrystallIzation from hexanes gave 

0.681 g (64%. two steps from oxadlazole 10) of white solid: mp 

83-841- ’H NMR (CDCl) 6 1.43-1.56 (in. 211), $74 (in, IH). 

1.84 (m, III). 2.01-2.13 (m. 211). 223 (s,314). 2.46 (in, IH). 

2.95 (nI. I H). 324 (in. 2H). 3.64 (in. 111). 3.83 (m. III). 6.96 

(m. 2w. 7.24 (in. 210: 13C NMR 6 (CDCb) 163.27 (d). 142.79. 

128.66. 128.54. 115.09. 114.75. 69.11. 65.21. 60.27. 49.82. 

40.88, 37.82. 35.53, 26.95, 26.53: lob -41.9° (c 0.32. CHCh). 

Anal. (C,5HzFNO) C. H. N. The product was converted to 

the o.tartrate salt. ReCryStal1lZat from (CH3)zCHOHIE40 

gave

 

hygroscopic off-white solid mp 79°C (fusion): tH NMR 

rD) 61.86 (in. 124). 2.02-2.13 (iii. 310.2.30-2.72 (in. 311). 

2.78(S. 3H).3.01 (in. 111)3.51 (in. 214). 3.88 (m. lH). 7.08 (in. 

214). 7.35 (in, 211); (alo -24.0° (c 0.48. CH3OH). Anal. 

(61 i26FNOr0.5 HaO) C. H. N. 
(lS3p.(4uoropfl2P(Y’ 

pane ((101 RecrySaU1°fl  from hexanes gave 1.18 

g (70%) of white solid: mp 77-79 ’C: ’H NMR (COW6 1.46 

(m. 214). 21 111). 1.67-1.58 (m. IH). 1.72 (s. IH). 1.75 Cs. IH). 2.16 (in. 

211). 228 (s. 310. 2.50 (m. 111). 3.07 (in. 0. 3.35 (in.  
NMR 

346 (m 1141.3.75 (. 210.7.02 (nt 211). 7.32 (in. 
2H:tS,13. Li 

-80 68.59. 

(CDC16 161.42.138.41,129.86 229.73.1 

6521 62.96. 45.49, 41.19. 37.32. 36.19. 26.29. 2
 N. 
5,18. (nb 

+58.0’ (c 0.54. C1403).HCII Anal. (C,sHzo°  C. H. 

(1 m.3p(4.ptuoropheY1)*2 (bY 
0 

X)oAc 
thyl)tro- 
gave 0.88 

pane ((15)20’3P 
Rec sta 114  CDCI6 

g (66%) of w% 6H)227235m. iH). 2.36 

1 ,54-1. (iii. 2 
(’n. 1p;’  7.19  2(4); ’C NMR 

5.44. 115.11. 

(CDCIa) 6 261.42 W). 969, 3, 25.84. 21.62: 

62.71. 62.15. 
 N. 61.90. 49.28. 41.20, C. H. 

(nb -24.76 (cO.Sl. CHCh). etby9"° 

(ls)3L144.puoroPheY;ulZednfrmEtzO 
pane ((l5).2P.316l’ Recrys 
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gave 0.510 g (72%) of white solid: nip 83-85 °C: ’II NMR 
(CDCI3) 6 1.49 (in. 211), 1.74 (at. 214). 105 (ni. 2H). 2.23 (s. 
3140. 2.47 (ni. 111). 2.94 (rn, 2 H). 3.23 (m, 21.1). 3.65 (rn 111). 
3,85 (rn, 11-1), 0.96 (in. 211). 7.25 (in. 214); 13C NMR (CDC)3),d 
160.99 (d). 141.98. 128.63. 128.57. 111.93, 114.77.68.69.64.94. 
60.16. 49.88, 40.83. 38.01. 35.49, 27.01. 26.62: lob +380 (c 
0.29. CU03). Anal. (CisI-InFNO0.51-120) C. H. N. 

Procedure for the General Synthesis of 3-(4"Fluoro-
phenyl)-2.113,4.(methyiened(ozy)phenoxyjmethyll. 
tropane M. A solution of the appropriate Isotiter of 6 (2.0 

mmcii) in IS ml. of CH2Cl2 was cooled to0°C. and methane-
sulfotiyl chloride (2.5 rnmol) was added. EhN (2.0 mmcii) was 
then added dropwise. The reaction mixture was stirred at 0 
°C for 0.5 h and then at room temperature. After 3 Ii, CH202 
and water were added. The reaction was basifled to pH ID 
with Nl-I,Oii. and the layers were separated. The aqueous 
layer was extracted with Cl 12C1,. The organic layers were 
combined, washed with I N NaOH. water. NII4CI solution. 
water, and NaCI solution, and dried over NaaSO4. The solvent 
was removed to give a colorless, slightly cloudy all which was 
used without further purification. 

Sodium hydride (60% dispersion, 4.0 mmoi) was washed 
twice with hexanes under nitrogen gas. Anhydrous THP (10 
niL) was added, and the slurry was cooled to   

’C. A solution 

of sesaituol (4.0 rnmol) In 10 mL of THF was added dropwise-
Eventually the mixture cleared and became yellow. The 
alkoxide was warmed to room temperature and refluxed for 
45 min. The mesylate and 18.crown-6 ether (-’5 mg) were 
dissolved in 10 niL of a mixture of THF and 2 ml.. of DMF and 
added dropwise over 10 mm. The reaction was warmed to 
room temperature after the addition was complete, refluxed 
for 3 h. and then stirred as room temperature for 2 ii. The 
reaction mixture was cooled to (I °C and quenched with water. 
TI IF was removed under reduced pressure. water and NH011 
were added, and the aqueous layer (pH 10) was extracted with 

CHZCI2. The organic layers were combined, washed with I N 

NaOH. water, and NaCl solution, and dried over MgSOs. The 

solvent was removed to give a light yellow oil which was 

purified by (lash chromatography on silica gel. eluting with 

Et50/Et3141heXafles (27:3:70). 

phenox1mflethYl1tOP t(1R)2I1.3P.7a1. Purification by 

(lash chromatography gave 0.33 g (44%) of the pure product 

as an oll ’H NMR (CEDe) 6 1.59 (m. III). 1.81 (rn ZH). 2.09 

(in, 214). 2,14 (m. 211). 2.20 (ddd. IH. J 14.3. 5.8. 5.8 H4-

2.38 (ddd. 111. J = 11.6. 1.6. 1.6 Hz). 2.40 (s. 314). 2.98 (dd. 

111. J = 11.6, 6.2 Hz). 3.01 (ddd. 111, J = 6.2. 6.2. 1.6 Hz). 

3.42 (dd. IH. J= 10.6.5.8Hz). 4.31 (ddd, 1H,J97. 1.8,1.8 

Hz). 5.89 (s. 2H). 6.32 dd. IH. J = 8.6, 2.3 Hz). 6.48 (d. IH. J 

= 2.3 Hz). 6.66 (d. UI, J = 8.6 Hz). 6.95 (dd. 2H. J = 8.8, 8-8 

Hz). 7.39 (dd. 2H. J 8-8- 5.8 Hz): ’C NMR (CDCI3) 6 163,06. 

159.20.152.75. l49-28.443.23.141,82.129.45.129.33. 115.12. 

114.78, 108.57. 108.09. 101.15. 99.90, 83.74. 55.25. 50.49. 

54.52. 42.89. 33.96. 31.96. U.N. 23.38. The 0-tartrate salt 

recrystallized from 2.proPaiioUethYt ether yielded a white 

powder which had map 97 °C (fusion): ’H NMR (CDsOD) 6 

2.00-2.43 (in.714). 295 (s. 3H) 3.48 (in. ZH) 3.68 (m. 214). 

4.61 (in. 111). 5.86 (s. 214). 6.39 (dd. 1)4). 6.49 (d. 111). 6.68 

(dd. 214). 703 (at. 2H). 7.36 (in. 244): la)5o +11.8° (C 0.27. 

CH300. Anal. (CzeFhoF?’10 C. H, N. 
L(3.4(metly1b0i 

3p.(4.FluoroPheflYI)Z..3,.ThI. Fractions were 

pooled to give H J 
the p 

12.0.9.6. 4.8 Hz). 1.44 
phenOx1mt"lane

 l(Ij4 
roduct as a Colorless oil: 

11-1 NMR (C0Di) 6 1.37 Wild’Hz): v.71 (rn. 114) 2.77 (in. 114). 

(ddd. .n-i.
 J= 12:0:6.4.6.4 Hz). 1.94 (ddd.j-2° 

187 (ddd. 
z). 2.20 (s. 3H). 2.31(ddd. IH. 

.00 (dd. IH. J 
12.0. 

(ddd. IH. J = 12.0. 9.6. 3.5 1- 3.491 dd. il-I. 

67 3°  Hz). 5.33 Cs. 2(4). 
6.4:6.4.3 J 2,5 H4. 6.56 
:.:i;: (d.lfl. 

87 Hz). 6.94 (dd. 

(4. IH. J 3C NMR (CDCI3) 
40. t07.98. 105.68. 

211. J 8.7.’5445 248.30, 

29.20.1(5.73.125. 
ZH. J 
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101.23, 98.14. 70.84. 68.91. 63.28, 02.01.46.23. 11.55, 4123. 
37.54. 26.10. 22.07. The compound was convened to the 
D-tartratc salt. Recrystaliizatlon from EtOHlFtO gave a 
hygroscopic off-white powder: mp 105 °C (fusion): ’H NMR 
(C%00) 6 195 (in. I H). 2.13-2.46 (m. 54.2.77-3.00 (in. 210. 
2.89 (. 3H). 3.46-3.70 (m, 214) 3.09 (in. 114). 4.14 (in. 114). 
4.43 (s. 214). 5.84 (s. 214). 6.15 (dd. IN). 6.35 (d. (H). 6.62 (d. 
110, 7.06 (in. 214). 7.35 (m. ZH); falo +32.8 (c 029. CH30I I). 
A,iaI. (Cs,Ho1NO9) C. H. N. 

3a..(4-Fluorophenyl).Zft-fl(3.4-(methylenediozcy)phe-
noxyjmethyijtropane I(1I-2ft.3a-7cJ. Fractions were pooled 
to give 0.312 g (42%) of the product as a light yellow oil, ’H 
NMR C5D5ô 1.25 (dd. IN. J- 132.10.8Hz). 1.50 (ddd. IH, 
J = 12.5. 9.5. 3.4 Hz). 1.59 (ddd. IH, J= 17.0. 12.1. 4.9 Hz). 
1.87 (dctd. IN. J= 10.8. 10.8,3.5Hz). 2.13 (ddd. IN. ./= 17.0. 
12.1, 5.8 Hz). 2.29 (m. 4H). 2.46 (ddd. 114. J = 13,2. 8.6. 8.3 
Hz). 2.62 (ddd, IH. J= 10.8. 10.3, 8.3 Hz). 3.29 (in, 211). 3.59 
dd, ill. J= 10.8, 3.5 144, 3.75 (W. IH. J= 10.8, 10.8 Hz). 

5.87 (s, 2H). 6.18 (dd, IN. J= 8.5. 2.5 Hz), 6.38 (d, IH, J 
2.5 I-Ia). 6.63 (d. IN. J 8.5 lIz). 6.96 (dd. 2H, J 8.6. 8.6 
I-la). 7.16 (dd. 2H. J = 8-6- 5.6 lIz); 13C NMR (CDCI3) 6 16329. 
159.39. 154.48.148.111. 141.39.140.73.140.68.129A?. 129.28. 
115.32, 114.99. 107.85, 105.53. 101.05. 97.98, 71.33. 62.73. 
59.48. 50.89, 41.45, 41.11. 36.12. 29.43. 28.48. The product 
was converted to the D-tartrate salt. Rccrystallizatlon from 
EtOHIEtzO gave a hygroscopic off-white solid: mp 84 °C 
(fusion): IN NMR (CDOD) 6 1.82 (m. 114). 2.01-2.19 (m. 2H). 
2.30-2.76 (in. 414). 2.82 (s. 3H). 3.02-3.15 (in. IN). 3.76 (in. 
2H). 3.96 (m. 214), 5.87 (s. 214). 6.30 (dd. 114). 6.51 (d. Ill), 
6.65 (d. IN). 7.07 (in. 2H). 7.35 On. 214); Lulo -48.3° (c 0.29. 
CH30I1). Anal. C243oFNO90.5H20 C. H. N. 

(1 s).3p.(4.F1uoropheny1)-((3.4’(methy1enedioxy)-
phenoxyimethylitropane I(1.5-2$.3fl-7dI. Fractions were 
pooled to give 1.02 g (69%) of the pure product. IN and 13C 
NMR are Identical with the (1 1)-enantlomer. The product was 
converted to the co-tartrate, salt. Recrystallization from 2-pro-
panol/ethyl ether yielded a white powder: mp 90 °C (fusion); 
IN and ’C NMR are identical with those of the (1 1)-
enantionm 10)0 -26.8° (cO.63, CH3OH). Anal. (CaH3OFNOO) 
C. If. N. 

(IS).3/1-(4-Fluorephenyl).Za-fl3.4-(methylenedloxy)-
phenonyjmethyljtropane ((IS).2a.3fi-7eJ. Fractions were 
pooled to give 0.76 g (64%) of the product as a slightly yellow 
oil. ’H and ’3C NMR are identical with those of the (1k)-
enantlomer. The compound was converted to the a.taruate 
salt. Reci7staIl*zatlon from MeOH/Et20 gave a hygroscopic 
off-white powder: nip 95 C (fusion); IN and 13C NMR are 
identical with the (I R)-enantlomer: 101n -50.8° (c 0.50. 
CH30H). Anal. (CaH5,FNO9) C. H. N. 

(1S).3o.(4.Fiuorophenyl).ZP-fl3.4.(methylenedloxy). 
phenoxyjntethyl)tropane ((15)-2,3a.7fI. Fractions were 
pooled to give (1.248(32%) of the product as a light yellow oil. 
’H and 13C NMR are identical with those the (i/I)-enaiiciomer. 
The product was converted to the n-tartrate salt. Recrystal-
lization from MeOHJEt2O gave a hygroscopic white solid: nip 
56 °C dec. ON and 13C NMR are identical with the those of 
(I R)-enantloiner, )uio +38.2° (cO.33. CH)OH). Anal. (CaHir 
FNOv025H2O) C. H. N. 

General Procedure for Demethylatlon of 3-(4-Fluoro. 
phenyl).2-113.4.(methylenedloxy)phenoxylmethyl). 
tropane M. Method A. The appropriate Isomer of 7(1.0 
mmnl) was dissolved in 15 mL of dichloroethane under 
nitrogen gas. Proton Sponge 11.8.bls(dimethylamino)naph-
thaLene, 0.14 mrnol; Aldrich) was added, and the solution was 
stirred for 0.5 hat roam temperature. ACE-Cl (6.0 mmoi) was 
added, and the reaction mixture was refluxed for 24 h. The 
reaction mixture was cooled and the solvent removed under 
reduced pressure. MeOH (10 mL) was added, and the reaction 
mixture was refluxed for 24 It. The solvent was removed under 
reduced pressure to afford a dark orange/red oil. Water was 
added, and the reaction ªilxture was basliled with NH40H. 
The aqueous layer was extracted with CH2Cl2. The solvent 
was removed under reduced pressure, and the product was 
purified by (lash chromatography 

Kcverllno-Frantz 

Method B. The appropriate isomer or? (1.0 inmol) was 
dissulved in 10 s,d, of tuluene under nitrogen gas. Potassium 
carbonate (0.4 mniol) was added, and the solution was refluxed 
for 0.5 h. Trichloroethyl cluloroformate (3.8 numol) was added. 
and the reaction was refluxed for 24 It. Additional chioro-
funs.e was added, and the reaction was refluxed for 24 h. 
Water and CHCh were added, and the reaction mixture was 
basifled with NHOH. The layers were separated. and the 
aqueous layer was extracted with CHCI3. The combined 
organic layers were dried over Na2SO4. The solvent was 
removed to afford a brown oil. The carbamate was dissolved 
In glacial acetic add (6.0 nil..), and Zn dust (1.008) was added 
in small portions. The mixture was stirred for 12 to at room 
temperature. Water and CHCh were added, and the reaction 
was filtered through Celite. After baslfylng with NH40H and 
extracting with CHCIz. the organic layers were dried over 
K2CO3. The product was purified by flash chromatography 
on silica gel, first eluting with Et.2OIEt3N (91) followed by 
CH03ICH30HINH40FI (90:9:1). 

44fluompheny92J34(3,44methy)ened1pheny). 
inethyilnoitropane KIR)-Zft.3fi-4a1. Method A. Purifica-
tion afforded 0.083 g (62%) of the product as a pink oil: ’H 
NMR (C5D5N) 6 1.67 (dd. IN. J= 12.0,3.5 144. 1.91 (m. 214), 
2.05 ddd, III. J= 13.9. 10.9. 1.9 Hz). 2.15 m, 314). 2.93 (dd. 
IN, J= 12.3.1.9 Hz), 3.28 (dd. Ill, J= 12.3.5.5 H4.3.32 (m, 
114). 3.60 (dd. lI-I. J= 10.6. 6.2 Hz), 4,55 (ddd, IH, J 9.5. 
5.5, 1.9 Hz), 5.93 (s, 214), 6.58 (dd. $14. J=8.4, 2.4 Hz), 6.86 
(d. ill. J= 8.4 Hz). 6.87 (d. IH, J = 2.4 Hz). 7.06 (dd, 2H. J 
= 8.7,8.7Hz), 7.49 (dd. 211. J= 8.7.5.4 Ha); UC NMR CDCIzl 
6 163.18. 159.29. 152.51, 148.34. 142.14, 141.93, 129.11. 
128.99. 115.40, 115.06, 108.42. 108.10, 1010.18. 99.82. 83.05. 
47.72, 46.21, 42.18. 39.84. 33.54, 31.31, 27.02. ’fhe product 
was converted to the o-tartrate salt. Recryslalllzation from 
Et011JEt2O gave a white hygroscopic powder. nip 183-IRS 
°C dec: ON NMR (CD30D) 6 1.98-2.37 (m. 714). 3.24-3.12 (m. 
214). 3.72 (m, 114). 3.87 (brs, III). 4.42 (S. 2H). 4.55 (bs. IH). 
5.7 (s, 211), 6.39 (dd. 114). 6.58 (ci, IH), 6.68 (d. IH), 7.05 (m, 
2H). 7,33 (m. 2H): lam0p +100 (c 0.36. CH5OH). Anal. 
(CnHiaFNO.) C. H. N. 

(1R)-3-(4.F1uoropheny1).2n-ff3.4.(methyIened1oxy)-
phenoxylmethyijnortropane ((Im-2a.3ft-4b). Method A. 
Fractions were pooled to afford 0.19 8 (55%) of pink oil: : ’ 
NMR (CiDN) 61.68 (m. 314), 1.7$ (m. 114). 1.87 (ddd. lH. J 
12.6. 12.6. 2.2 H4,1-97 (m. il-I), 2.58 (in, IN). 2.73 (ddd, Ill, 
J= 11.9. 11.9, 5.5 Hz). 3.58 (ddd. IN. J = 6.6. 3.2. 3.2 Hz). 
3.69(s. 11-l),3.7i (d. IH.J= l.9lIz),3.96Rd. 1H,J’6.4. 
2.2 Hz), 5.90 (S. 214), 6.32 (dd. 114. J = 8.3. 2.5 Hz), 6.62 

(ci. 

III, J= 25 Hz). 6.78 (d, IN. J = 8.3 Hz), 7.11 (dd, 2H, J 
8.7. 8.7 Hz). 7,32 (dd, 2H, J- 8.7,5.5144: 13C NMR (CDCh) 
6 163.96. 159.66, 154.13. 148.14. 141.57. 138.91, 129.10. 
128.98. 115.66, 115.33, 107.81, 105.44, 101.08, 97.91, 68.57. 
56.35, 55.16 46.48. 46.21. 41.24. 37.89. 28.98. 24.99. The 
product was converted to the D-tartrate salt. RecrystallIzation 
from MeOH/EtaO gave a hygroscoplc light yellow powder mp 
140°C (fusion); ’H NMR (CD3OD} 6 1.88-2.45 (m. 6H). 2.66 

(m. 

IN). 3.00 (’ii, IN). 3.53-3.70 (ni. 214), 4.13 (m. 114). 4.28 
(m, 114), 4.42 (a, 214). 5.84 (s, 214), 6.14 (dd. IN). 6.34 Cd. III). 
6.60 (d. IH), 7.06 (m. 2H). 7.33 (m, 214); lo.Ino +360 (c 0.30. 
CI430H). Anal. (CuHnFNOr0.5H20) C. H. N. 

(lm-3a’(4-Fluorophenyn-zjl.113.4-(methylenediozy)-
phenoxylmethyljnortrcpane l(1m-2fl.3a-4c1. Method A. 
Fractions were pooled to afford 0.069 g(5S%) of yellow oil: ’H 
NMR(C5DsN) 61.51 (m, 114), 1.65 (in. 2H). 1.92 (in, 2H), 2.23 
(ddd. IN. J= 13.8.9.1,7.4 Hz). 2.80 (ddd. lH,J = 14.1. 11.1. 
7.4 Hz). 3.52 (m, 2I-1). 3.71 (d, IN, J = 3.3 Hz), 3.75 (dd. lH. 
J= 9.1.3.7Hz). 3.91 (dd. IH. J= 9.1.9.1 Hz). 5.85 (s. 2H). 
6.35 (dd, IN. J = 8.4. 2.3 Hz), 6.65 (a, lH, J= 2.4 H4. 6.77 
(ci. lH. J = 8.5 Hz). 7.09 (dd. IN. J= 8.6 F14. 7.25 (dd. IN. J 

8.4. 5.6 Hz); 12C NMR (CDCI3) 6 163.61, 154.52. 148.07. 
141.62. 140.39. 129.47, 115.37, 115.03. 107.87.105.60, 101.08, 
98.03, 71.11. 5525, 51.96, 49.84, 39.12, 35.92. 34.33, 32.30. 
The product was converted to the to-tartrate salt. Reciystal-
lizatlon from 2-propanoi/EtzO gave a hygroscopic white crys-
talline solid: mp 174°C des: ’H NMR (CD.30D) 61.72 (in. 114). 

ONSOOOtD 4XP ......_.231 

l009A_ 1 3. 
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2.01-2.24 (in. 51-1). 2.58 (in. III). 2.94 (m. I H). 3.69 (in. 211). 4.11 (ni. 211). 5.86 (a. IH). 62.8 (dd. 111). 6.50 (d. 111). 6.65 (d. IH). 7.06 (m, 211). 7.33 (m. 214); JaIo -79.7° (c 0.32. Cu3-01-). Anal. (CH.FN09) C. H. N. 
(1 3-(4.Fluorophenyl)2p.L134(meffiylefledi,,) 

Phenozylmethyijnortropane L(l S)-U3fl4dl. Method B. Flash chromatography gave 0.098 g (26%) of the product. Another fraction contained 0.118 g of the N.methyl starting material. ’H and 13C NMR are Identical with the OR)-enanttonjer. The product was converted to the tiarirate salt. Recitalll2acion from Et0l-LlEt2() gave a light tan hygroscopic powder mp 180-184 °C dec ’H and ’C NMR are identical with those of the (I R)-enantlomer: IaPn - 10.3° (C 0.30. CH30II). Anal. (CHFNO,) C. H. N. 
(1 S)-3ft.(4-Fluorophenyl).2u.fl3.4.(methylonetJIo,,) 

phenoyJmethylJnortropene I(E.2a,3P.4eI. Method A. 
Fractions were pooled to afford 0.135 g(40%) of pink oil. ’H and C NMR are Identical with those of the (I R)-e,iantiomer. 
The product was converted to the d-tartrate salt. Recrystal-
lization from McOH/Et20 gave a hygmscoplc tan powder: mp 
170 °C (fusion); ’H and ’C NMR are Identical with those of 
the (I R)-ena,itlorner: 1o10 -52.4° (C 0.50. CH30H). Anal. 
(CzsHFNOe.0.25H20) C. II. N. 

(I*Sa.(4.FluorophenyI).Zp((3.4.(methyIen,). 
phenoxyjmethyhlnortropene L(1S)2/1,3a-411. Method B. 
Flash chromatography afforded 0.095 g (55%) of the product 
as a brown oil. ’H and 13C NMR are Identical with those of 
the (I R)-enantlonier. The product was converted to the 
L.-tartaric acid salt. RecrystallizatIon from EFOHIEt2O gave 
a light tan hygroscopic powder mp 103-166 °C dee; ’Hawl 
13C NMR are Identical with those of the (ll.enandomer k’lo 
+76.3°  (c 0.27. CH301-11). Anal. (Czs1l,FN09-0.5H2O) C. II, 
N. 

(I*a.(4-Fluompheny0-Za.(3.meyi-1.2,4.o,cacliazn1. 
5.yI)ropane (10). To a cooled solution (-78 °C) of bromo-
fluorobenzene (0.64 & 3.66 mrnol) In 10 m of anhydrous Et20 
was added t-BuLI (1.0 M In pentane. 6.0 mL, 6.00 minol) 
dropwlse. After the mixture was sthmd for 20 min at -78 

a solution of9().31 S. 1.51 nunol)in 20 ml of Et20 was 
added slowly. The reaction was stirred at -78°C for 2 hand 
then at-40°CIor I h. The reaction was treated with ethereal 
TFA over S mm. allowed to warm to   °C,  and diluted with 
ether. The mixture was basiried with dilute NH40H and the 
layers were separated. After the organic layer was dried over 
N82SO4. the solvent was removed to give 0.44 got oil. Flash 
chromatography LEtOAcIE4NlhexaneS (27:3*70)) gave 0.28 g 
of product as a white solid. Recrystalllzatlon from hexanes 
afforded 0.158 g (35%) of white crystals: mp WI- 103 °C: ’H 
NMR (CDCI3) 6 1.52-1.67 (in. 20. 1.83-2.15 (in. 314). 2.25 
(s, 3H). 2.32 (s. 310. 2.47 (in. It-). 3.35 (in. 114). 3.56 (m. lH). 
3.65 (in. 111). 4.18 (in. III). 6.84 (m, 211). 7.06 (in. 2111):13C NMR 
(CDC14 6 179.41. 166.49. 137.41. 129.28. 129.16. 114.89. 
114.55.62-24.59-63.44.31.40.49.35.33.34-69. 28.39, 23.10. 

11.49: (cilno +520 (c 0.60. CI1CW. Anal. (C,7H2nFN03) C. 

H. N. 
(I JO-3u.(4-MwavVhMYI).2*cwbom4bcKN3Ftrqmm ((R)-

23a-5). To a solution of nickel acetate (5.33g. 21.43 mmol) 

In 50 ml of MeOH was added slowly a slurry of NaBH4 ((1801 

S. 21.43 mmot) In 25 ML of MeOH. A solution of the 

oxadiazolylon.elO(lZ9g.4.28mmo0 and HCl(l2& 1.78 

łiL, 21.43 mmol) In 50 wl. of MeOH was added slowly to the 

black slurry. The reaction mixture was stirred at room 

temperature for 2 hand then refluXed for 3 ii. The reaction 

mixture was cooled and then Et20 and saturated NaHCO3 

were added. The reaction was basified with NH40H to pH 

to. The layers were separated and the blue aqueous layer 

h Et2O several times. The solvent was 
was extracted 

103g of clear oil. ’H NMR (C"61.03- 
0-192 (in. 2H). 2.02 (s. removed to afford 

1.33 (in. 111). 
(in. 114). 3.25 (S. 31-). 1.18 (in. 214). 12fr 

314). 2.25 (in. 14). 2.38 (in. 114). 2. 

3.31 (in. 111). 3.553. ). 6.91 (rn 
-66 (in. 111). 

c

-tartrate salt 
The es 

’1 to24D raterized as 
. (CHzsFNO8’°.5  ter was cha c 

-34.4°
 
(c 0.54. CHSOH): mp 65 C. Anal 

"p) C. 11.11. 
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(1 S).2.Crbomethoy3I((trlflonfl th I) If I) oxyltropeije (12). Carbomeihoxytropli3OfleIe4043 (6.01 g. 30.5 mmol) was dissolved In ISO rid., of anhydrous TIlF under N2. After the n,Ixture was cooled to -78 °C. bis(triniethylshlyl). arrilde (1.0 M solutlo,, In THF. 40.0 ml.,, 40.0 mmol) was added dropwise by an addition funnel. The mixture was stirred at -18 °C for 0.5 h. The trifilmlde (13.03 g. 36.5 mmol) was dissolved In 100 ml of anhydrous THF and added dropwlse. The reaction was stirred for 10 ruIn at -78 °C. then warmed to 0 °C,  and stirred for 2 1,. The reaction vessel was fitted witi, a drying tube and allowed to remain at 5 °C for 36 Ii. The reaction was quenched with 1120 and extracted with CHad2. After the mixture was dried over Na2SQ4. solvent was removed from the solution to afford 11.77 g of brown oil. Purification by flash chromatography (hexane/Et0Ac 32) gave 8.01 g (80%) of trlflate 12 as a golden oil: ill NMR (CDCI3) 6 
1.60 (m. lH), 2.00(m, 21-1), 2.20 (in. 2H). 2.40 (s. 311). 2.85 (in. 
110.3.43 (in, ill). 3.82 

(s. 3 H). 3.93 
(ci. 

114): 13C NMR (CDCbJ 6 163.79. 149.10. 125.19. 118.21 (ci). 60.08,57.40. 52.05. 34.86. 
34,66. 33.03. 29.96; laIn,) -7.8° (c tO, CHCI,). Anal. 
(C,,H14F30S) C. H, N. 

(IS)-Anhydroecognlne Methyl Ester (13). The inflate 
12(11.36g. 34.5 mrrul) was dissolved in 250 ml. of anhydrous 
THF under N2. Next, Pd(OAc)2 (0.177 g. 0.788 mniol). PPh3 
(0.461 g. 1.76 rnmol), and Et,N (14.4 ml., 10.45g. 103.3 mEnol) were added. The reaction was stirred for S nun. HCO2H (2.60 
mL. 3.17 g. 68.9 rnmol) was added dropwise. and the mixture 
was reflwccd for 1 h. After to room temperature, water was 
added. The reaction was extracted with CHCI3 and dried over 
Na2SO4. Purification by Oath chromatography (EtaOIEtaNl 
hexane, 9:1:10) gave 5.43 g (87%: 75%. 2 steps from II) of 13: 
’H NMR (CDCI3) 6 1.49 (in, III), 1.86 (in. 21-1). 2.14 (in. 211), 
2.34 (s. 3H). 2.62 (m. 11-9. 3.24 (in. ill), 3.74 (S. 3M. 3.79 (in. 
IH). 6.82 (m. IH): (aI2’, +35.5° (C 1.0. CHCh) llhL’ 101250 
+38.3° (c 1.0. CH,011)l. 

(I5)-311-(4-Fluorophenyl)tropane.2Jl-cartioxylic Acid 
Methyl Ester UtS).Zp,3/.5). Thesyntheslsof this compound 
has been described prevlously.0 The fractions were pooled to 
give 122 g (51%) of product as a white solid. mp 92-93 °C 
0103 mp 94-96 °C). A second fraction (1.48 g) contained the 
a-Isomer ’H NMR (CDC13) 67.22 (m. 211). 6.95 (in. 211). 3.57 
On. III). 3.50 (s. 311). 3.36(m. 111). 2.95 (in, 110. 2.86 (m. 111). 
2.57 (in. III), 2.22 (a, 3H). 2.15 (in. 21-4. 1.57-1.75 (in. 31-0; 
loIn0 +49.2° (cO.52. CH30H) Ilit." for the naphthalene-1.5-
disulfonate 1u124o +84.5° (c 1.0. HzO)l, 

(1S)-*(4-Fluornphenyl)tropane-20-carbOxYitC Add 
Methyl Ester ((1S)-Zu.3/l-5l. A white solid was obtained 
which was recrystallized to give white crystals: nip 68-70°C 
(lII.° mp 71.5-73.5 °C): ’H NMR (CDCI3) 61.56-2.15 (in. 6H). 
2.40 Is. 310. 3.00-3.14 (in. 21-I), 3.23 (in. 111). 3.41 (m. 111). 
3.50 (s. 314). 6.97 (in. M. 7.21 (m. 214): 13C NMR (CDCIa) 6 
173.30. 161.40 (d). 139.38. 129.19. 129.07. 115.30. 114.97. 
63.62. 61.12. 51.49. 51.42. 39.65. 38.76, 36.14, 26.40. 23.2Ch 

(al’o -14.5- (cO.55. CH3OH) IIit (al24,, 1.2° (c5.0. CHCIa)1. 
(14). 

To a round-bottom flask was added the inflate 12(1.51 g.4.59 

mmol). LICI (0.402 g, 9.57 mmoft. trls(dibenzllidefleaCetone)" 

dipalladlurn(0) (0.170 g). Na2COI (2.0 M soln In HtO. 4.5 mL 

9.0 nunol). and diethoxymethane (10 ml.). The mixture was 

stirred vigorously, and (p.fluoroPheflYl)bOrOfllC acid (0.852 g. 

6.08 mmol’) was added. The reaction was refiwied and 

monitiored by TLC (EtzOlEtsN. 9:1). After 1 h. the reaction 

was filtered through Celite. Et20 and 1120 were added, and 

the mixture was basifled to pH 10 with NH.OH. The layers 

were separated. and the aqueous layer was extracted with 

CHC13. The organic layers were combined and dried over 

Ma2SO4. The solvent was removed from the dried solution to
afford a dark yellow oil. Purification of the residue by flash 

chromatography (silica gel. E EbNThe*afln. 9.t:10) afforded 

1.09 g (86%) of the trope" as a yellow all which solidified upon 

standlflW mp 56-58 °C: ’H NW R (CL  67.13-6.97 (ni 41-I), 

3.85 (d. It-ft. 3.50 (s. 3H). 3.35 (m. III). 2.74 (in. IM. 2.44 (S. 

314). 1.942.24 (in. 411), 1.64 (in, 1H); 13C NMR (CDCh) 6 

137.15. 132.02. 128.52, 128.40. 
168.21. 162.12 (d). 142.77,  


