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The chemical, biological, physical, and economic char-
actoristics of medicinal agents can be manipulated and,
hence, often optimized by conversion to a salt form.
Choveing the appropriate salt, however, can be a very
difficult task, since each salt imparts unique properties to
the parent compound.

‘gision analysis” and “po

Salt-forming agents moftenchosenanplrleﬂlv Of the
many salts synthesized, the preferred form is sefected by
pharmaceutical chemists primarily on a practical basis:
cost of raw materials, ease of crystallization, and percent
yield. Other basic considerations include stability, hy-
groscopicity, and ﬂowability of the resulting bulk dng.
Unfortunately, there is no reliable way of predicting the
influence of a particular salt species on the behaviot of the
parent compound. Furthermore. even after many salts of
the same basic agent have been prepared, no efficient
screening techniques exist to facilitate selection of the salt
maost likely to exhibit the desired pharmaookinetic, solu-
bility, and formulation profilea.

;Some decision-making models have; iceever, been de-

g‘glm elp predict salt performance: For exsnple,
alkling and Appino (1) described two techniques, “de-

pro
@pplied them to the selection of the most stitahle dekiva
for development as a tal
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Table I—FDA-Approved Commercially Marketed Salts

toassemble-d: will provide; Tor-the stident-and
MM$thmﬁe

POTENTIALLY USEFUL SALTS

Salt formation is an acid-base reaction invelving either
a proton-transfer or neutralization reaction and is there-
fore controlled by factors influencing such reactions.
Theoretically, every compmmd that exhibnt.s acid or base
characteristics can participate in salt formation. Particu-
larly important ia the relative strength of the acid or
base—the acidity and basicity constants of the chemical
species involved. These factors determine whether or not
foriation occurs and are a measure of the stability of the
resulting salt.

The number of salt forms available to a chemist is large;
surveye of patent literature show numergus new salts being

~syntkeahedmmall Vil ious nalls of ilve waniv Compourtl,~ @
N % fferen‘ify ‘because of the physical,
phemfcat and zhetm Fg;mmc projggg;igg they impart to: {1

nd: For example, a salt's hydrophobicity

uh eryml lattice energy ¢an affect dissolution rate

ml. hetiee, bioavailability. Ideally, it would be desirable

it one mld ict how a pharmaceutical agent" prop-

affected by solt formation.

Ta and 11 tlst. all salts that were commercially

mrkehﬂthmugh 'i‘henatmeompﬂedfromall
agents fisted in "Marﬁndale The Exira Pharmatopoeia,”
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Anlon ] ] Percent? +Anion Percent?
Acetate 126 Jodide 202
Henzeneaulfonate 0.25 @ sethionate’ 0.88
Henzoate 0.51 Lactate 0.76
Bicarbonate 0.13 Lactobionate 0.13
Bitartrate 0.a3 to 0.13

romide 468 303
Calcium edetate 028 Mandelate 0.38
Camsylate® 025 202
€ . e e e 088 —- Mt} e e nr 078
Chlaride 417 Methyinitrate 0.28

Citrate 303 Methylsulfate 058
m‘llydmllladda 051 Muca 0.13
Edeta 0.25 Napsylate - 0:28
E lnw 0.38 Nitrate 0.04
Estolate? ‘ 0.13 (Embonate) 101
foi, e

'umaral
Gluceptate’ 018 2 0.13
Gluconate 0.51 cylate
Glutamate 025 Stearate 0.25
Glymllylmnnilnw’ 0.13 Subacetate 048

. 0.13 Succinate 0.38

Hydyralnmine" 028 Sulfate 748

Hydrobromide 190 Tannate 088

T 2 B

roxynap!
Triethiodide . 0.13
. Cation Percent” Cation Percent®

Ormn ‘ Metallic:

thine” 0.68 Aluminum -, 066

Chlnmptmine 0.33 Calclum 1049

Chufine 033 Lithium 164

Diethanolamine 0.98 Magnesium 131

Fﬂlylemdhmlne 0.68 Patassium 1062

Meglum 2.2 Sodium 6197
) Prncalne 0.68 Zinc 295

 Percent Is based onma!numberofmn orcaﬁomieulta se th Camphorsulfonate. © 1,2-Ethanedisulfona "hutylmlfau.
"Ethanesulrumu.’ llamidophenyl anonau h NN’ Dl(de roablet; l)ethylenedlnmtm. g 2-Hydmmhmnlm
e S e g 3 A 4 i Y < bl A

26th ed. (7). Table I categorizes all ealt forms approved by
the Food and Drug Administration (FDA), while Table i
lists those not approved by the FDA but in use in other
countries. (Only salta of organic compounds are considered
because most drugs are organic substances.) The relative
fraquency with which each salt type has been used iscal-
culated as a percentage, based on the total number of an-
jonic or cationic salts in use through 1974. Because of
simple availability and physiological reasons, the mono-
protic hydrochlorides have been by far the most frequent

chofce of the available anfonic anlt-!‘ormmx radicals, out-

numbering the sulfates nearly six to one, For similar rea-

sons, sodium has been the most predominant cation.
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¥, ia-less-toxic, or slows dissolution rate would- )
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X monocarboxylic are

selves to-repositary preparations, while those of
dmrboxyhc acids confer water solubility if une carboxylic
group is left free. Pamoie acid, an aromatic dicarboxylic
acid, is an exception since it is used a5 n means of

abtaining

i ol roluble zelts with
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-release preparations.
More remﬂ?. !ntenmoh ofdﬂ*ﬁmﬁwmwn (10)




g:l.:l: N—Non-FDA-Approved Commerecially Marketed

streptothrycin were combined with high molecular weight
compounds such as polyacrylic acids, sulfonic or phoe-
phorylated polysaccharides, and polyuronic derivatives.

Anion Parcent®
» . Parenteral administration of these compounds uced
Aflipate ¥ low blood levels of the antibiotic for long pems:d while
Aminosalicylate 0.28 lymph levels were high. (In comparison, streptomyein
Auhydromethylenecitrate o3 sulfate gave high blood levels but low lymph levels.) This
Aspartate ois alteration in distribution caused the streptomycin to
dlate.......—._.... oo e 025 - _prolo aga.through the body, since lymphatic . _.
M@;me &}g circulation is quiie slow.
ugonate 013 The appropriate choice of a salt form has been found to
mydmbmmide 013 reduce toxicity. It can be rationalized that any
Chuccmate i3 associated with the normal metabolism of food and drink
Hemilulfntgl 013 must be essentially nontoxic. The approach of choosing
:mf 13 organic radicals that are readily excreted or metabolized ..____
mh,m%nmm 013 opened up a new class of substarices from which toselect
isylate 0.13 a salt form. For example, certain salts of the strong base
Qualate | o choline have proven to be considerably less toxic than their
Persulfate 013 parent compound. The ofrepmtion and properties of
l;?enylethylbarbiwm 0.13 choline salts of a series of theophylline derivatives were
P;':}:Me g'}g reported (19), and it was shown that choline theophyllinate
Thiscyanate 013 possessed a greater LDsg than theophylline or its other
;l;:?'hh e 0.13 salts (20). It was postulated that this agent would be lesa
ecanoa .13 irritating to the GI tract than aminophylline, because “its
Cation Percent® basic constituent, choline, is an almost completely non-
Oreanic toxic substance of actual importance to the physiologic
n . 043 economy." This evidence led to the preparation of choline
Clemizole? 033 salicylate (21) as an attempt to reduce the GI disturbances
g};;bmm N 0% associated with salicylate administration. Clinical studies
Teomethamine® 033 indicated that choline salicylate elicited a lower incidence
Mg:f'}iﬂ of GI distress, was tolerated in higher doses, and was of
Dortum Py greater benefit to the patient than was acetylsalicylic acid

e Pe;ce;;t is::aaed on l;totnl number of anlonic and cationic salts in use
through 1974, * 1,5-Naphthalenedisilfoniate, © N-'Benzlphem’ \enet! ine.
< l-p‘Chlombai'zyl-%p, lidin-1'-ylmethylbenzimidazele. « Pricthy-
droxymethylamino: ne.

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

Alginic acid also has been used to prepare long-acting
pharmaceuticals. Streptomycin alginate 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 when compared with the liquid preparations.

Solid dose pilocarpiné may be moreé 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
immediately to the conjunctival fluid.

Milek et 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, neomyein, viomycin, and

(aspirin).

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

50+
The vitamins most commmonly used for forming salta
exhibiting reduced toxicity are ascorbic and pantothenic
acids. Keller et al, (23) were the first to use pantothenic
acid as a means of “detoxifying” the basic streptomyces
antiblotics. Parenteral administration of the pantothen-
ates of streptomycin and dihydrostreptomycin hzd a sig-
nificantly reduced incidence of acute neurotoxicity in cats
as compared with the sulfates. Subsequent studies (24-28)
supported this finding and showed that the pantothenates
of neomycin and viomycin also are less toxic, Ths ascorbare
of oleandomycin was synthesized and its pharmacological
properties were reported (29). Upon intramuscular injec-
ti;:n in rats, it produced less frritation than the phoa.
phate.
p-Acetamidobenenic acid, an innocuous metabolite of
folic acid present in normal blood and urine, has been used
in preparing salts. In particular, it yields stable saits with
aminea that otherwise tend to form hygroscopic products
with conventional acid components (30). .
Often the salt form {s chosen by determining a salt

Vel. 66, No. 1, January 1977 1 3




component that will pharmacologically antagonize an
unfavorable property or properties exhibited by the basic
agent. Salts of N-cyclohexylsulfamic 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 careino-
genic propertiss, salts incorporating this mmbouﬁ ¢an
render unpleasant or bitter-tasting drugs acceptable. For

" example, the cyclamates "of dextromethorphan and

chlorpheniramine exhibit greatly improved bitterness
thresholds compared to commonly occurring salts (31).
Furthermore, their stability in aqueous solution was de-
1cribed as good when muintained at a pH not greater than

N-Lyclohexylsulfamic acid salts of thiamine hydro-
chloride and lincomycin also have been synthesized. Thi-
amine N-cyclohexylsulfamate hydrochloride was reported
:31 ll}::‘ a more pleasant taste than bi?‘th? t;uialzme salts

ile having an equal or greater stability (32). Lincomycin
cyclamate, shown to an enhanced thermal stability
over its hydrochloride, was prepared (33) to test the hy-
pothesis that reduced lincomycin absorption in the pres-
ence of small quantities of cyclamates was due to asimple
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 classes 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 in an 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 mine
galt of penicillin was an attempt to produce a repository
form of penicillin with antiallergic properties (36). Blood
levels achizved with this salt were comparable to those of
penicillinr G potassium; however, its antiallergic propertiea
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 com; . When aqueous solutions
of the salts were applied topically to burned tissue, they
yielded the combined benefits of the oligodynamic action
of silver and the advantages of the antibacterial agents

an.

moaderately strong acidic compounds can undergo salt
formation with various organic .
The 8-Lalotheophyllines were the first group of xan-

thines studied as potential salt-forming agents, Since the

report on the preparation of the 8-ch ylline salt
of diphenh ine (42), synthesis of the 8-halotheo-
phyllinates of a number of organic bases has been at-
tempted. The 8-chlorotheophylline 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-chlorotheophyllinates of three aynthetic narcotics,
mepe(“) ridine, levorphanol, and metopon, were prepared

Pharmacological and clinical studies involving the 8-

bromotheophylline pyrilamine salt revealed the unusual

diuretic ies aesociated with the 8-halotheophylline
portion of the compound (45, 46). This finding initiated
an lnvestigatlonszw :m:-epmtion ofa wm 8-bro-
mo hylline salt of high diuretic activity. readily
available amines, over 30 ealts: were synthesized and
screened for diuretic activity (47). When tested against
theophylline salts of the same amines, the 8-bromotheo-
phyllinates showed greater activity in every case,

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

Duesel et al. (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 LDso of the 8-nitrotheophyllinate was
much greater than that of either 8-halotheophylline. In
fact. it remained nonlethal at doses as high as § g.

. Polygalacturonic acid, a derivative of pectin, has been
used to prepare quinidine salts exhibiting reduced toxicity
(49, 50). The compound possesses special demulcent
properties and inhibits mucosal irritation. The rationale
for use of this agent is to reduce the ionic shock to the GI
mucosa resulting from the flood of irritating ions liberated
l:lv rapld 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 1L

- e g o B

The use of 8-substituied xanthines, particularly the
8-substituted theophyllinea, as salt-forming agents was
first reported in the preparation of a series of antihistamine
salts (38-41). Synthesis of these xanthine salts was an at-
tempt to find a drug to counteract the drowsiness caused
by the antihistamines with the stimulant properties of the
xanthinea. When an electronegative group is introduced
into the xanthine molecule at the 8-position, the elec-
tron-drawing capacity of the substituent results in the
creation of an acidic hydrogen at position 7. Thus, these

4 / Journal of Pharmaceutical Sciences

PHYSICOCHEMICAL STUDIES

Biological activity of a drug molecule is influenced by
two factors: its chemical structure and effect at a specific
siteand itsability to reach—and then be removed from—

the site of action.
dcal-propertiesof iat influence 4

‘ & compound that bsorption, "
«distribution, metabolism, and excretion is essential for a
on, retion 13 essen :
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Table INI—Potentially Useful Salt Forms of Pharmaceutical Agents

Modification

Sait-Forreing Agent Compound Modified Reference
&yhfummhadd Doxyeyeline 61
hromyein i 52
N-Aoet,:ﬁtim mawm - Combiaed' W gamania g
&Wﬁ Shwd m:g , organoleptic properties g
) cin ty §7
Anthm ﬁnao-l.b-disulf acid ‘ém;m w absoeptl
mﬁmmm (um?i':o) gaﬁomalhl:i'da 'Pn&ﬁlm " 50:.60
aw penicillin 1 , hygroscopicity, toxicity 62
Aopariate Brytacay Slabilly * a
Bis(2-carbaxych -5~ "7-(Aminog Tin ~ : - .
ol roman-5-yloxy)alkanes ﬁ, ol 1)theophyllines %cﬂvlty.mlonx@d prophylactic éffect g
4-Chlaro-m-toluenesulfonio acid Ompuc roputf perties 6?7
Decanoate et on <8
Ditore ek lenediamine Stability, hygroscopicity &
Amﬂdmn Prolonged action nn
mﬂm Reduced pain on injection 2
“ﬁd z-rheny’fg—mhymmholm %um’ 32
Fructose 1,6-diphosphoric acid Tetracycline Solubillly ]
) Erythrom Solubility
Gl;m 1) phos acid, gh coss 'l‘ewlg;‘; Soln!;tnltlty L]
i _ &y&’mmydn Solubﬂlty. activity, stabllity 62
fijethylamine Deraenuy Prolonged action 7
' : Qvganuleptic properties 3
'*w. benwlpemdllh Teaicity, stabjlity, hygroscopicity 3
Pnlldoxlme (2-PAM) Sohbl ymu’ gg
Methylgh e-Sulfobenzylpenicillin Y. 8 , hygroseopicity
logporing v 72
N-Methylpiperazine Phonslbasone: ociciy, aasos onat of action &
Mom&m ) Cephalosporins Reduced pain on injection 2
2.Naphthalenesulfonic acid an':m«ne Organol 8¢
C! , RAc 87
Tannic acid acld Variousminu mt&nm on gg.
3,4 5-Trimethoxybenzoate mmme Organ 69
Trumethamine Ao ! Absorogion torah %
Dinoprost (prostaglandin Fa.,) leicnl ()]

tion, the relativé toxicity, and thepussibt‘ ‘Toutes of ad-
Mipisfration (2)‘""”“ T ‘
In a reviéw in 1960 Miller and Holland (92) stated that
“different salts of the same drug rarely differ pharmaco-
logically; the differences are usually based on the physical
properties.” In a subsequent review (93), Wagner ex-
panded upon this statement, asserting that, although the
nature of the biological responses elicited by a serles of
salts of the same parent compound may not differ appre-
ciably, the intensities of response may differ markedly.
Thesalt formris known to influence "physt
gwhﬂmcal properties of the parent compound including
issolution rate, solubility stnbﬂ-t_,i_ and h grmm icity.
Bege properties, in tufh, tha availg an of- "
mulation characteristies of the drug. Consequently, the
pharmaceutical industry has systematically engaged in
extensive preformulation studies of the physicochemical
properties of each new drug entity to determine the most
suitable form for formulation, Published information
conceming such st , however, is . Preformulas
:mmwmmm.nma }Iuenca of the:
s=It form on the volatilit _gclgﬁnagm
ander investigation wan discussed [94).

In one such study. methylpyridinium-2-aldoxime
(pralidoxime) salts were investigated (96). This study eet
out to prepare a salt with water solubility adequate to allow
intramuscular injection of a low volume (2-3 ml) thera-
peutic dose. The original compound, the methiodide, had
the disadvantages of limited nqmmaolubﬂityamllﬁgh
potential toxicity, since its high iodide content could result
in fodiam. On the basis of physiological compatibility,
better water solubility, favorable stability, and rehtively
high percentage of oxime, the chloride tofpzdido!lmn

was selected for therapeutic administration; it was Claimed
that “the anion used to form the salt can confer physioal
properties of importance and significance for the formu-
““lation afid adiiinistration of the compound™ (86).

Some physicochemical properties of a series of mineral
addmlhofﬂdomhnahomdetamhmd {96). While the

hydrochloride and

hydrebromide were more hygroscopic,
mmumwmmammwwmmmf

nitrate, perchlorate, phnsp!m.wwlhhdta.
muclp:ﬁon llah-—‘!‘lm dissolution rate ofapl\m
i w;:r:itmld lyh:ith mo?iyﬁ“m mms
many cases, ! uble
characteﬂstichuwﬂemmbioavaﬂabﬂlty&ﬁmm
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pound. As a rule, a pharmaceutical salt exhibits a higher
dissolution rate than the corresponding conjugate acid or
basg at an equal pH, even though they may have the same
equilibrium solubility. The explanation for this result lies

in the processes that control dissolution.

Dissolution can be described by a diffusion layer model!
;3_ h)erms of an equation developed by Nernst and Brunner

i

E=Fc-0 (Ba. 1
where W is the mass of the solute dissolved at time ¢,
dW/dt is the rate of mass transfer per unit time, D is the
solute molecule diffusion coefficient, S is the surface area
of the dissolving solid, k is the diffusion layer thickness,
C is the concentration of the drug in the bulk solution at
time ¢, and C, is the saturation solubility of the solute in
the diffusion layer.

The driving force for dissolution in Eq. 1 {s the difference
between the saturation solubility of the drug and the
concentration of the drug in the bulk flufd. If the drug i=
not rapidly absorbed after it dissolves, then C, the con-
centration in the bulk solution, approaches C, and the
dissolution rate is retarded. When this occurs, absorption
is “absorption rate™ limited (or “memhrane transport”
limited). If the absorption rate is rapid (or if the absorption
mass transfer coefficient is much larger than DS/h of Eq.
1), however, C becomes negligible compared to C, and
dissolution occurs under “sink" conditions. Absorption is
then said to be dissolution rate limited, which is what oc-
curs with most poorly soluble drugs. In either case, an in-
crease in C,, as in salt formation, increases dissolution.

Salts often speed dissolution by effectively acting as
their own buffers to alter the pH of the diffusion layer, thus
increasing thé solubility sftho-pasent-eompound, C,, in
that layer over its inherent solubility at the pH of the
dissolution medium. Hence, dissolution is controlled by
solubility in the diffusion layer which, in turn, is deter-
mined by the pH of that layer. The influence of K, on the
solubilit; term, C,, and dissolution rate, should an accu-
lr:g:tion of fons be allowed to occur, will be treated

Nelson (98), in a study of theophylline salts, was the first
to show the correlation between diffusion layer pH and
dissolution rate. The major impact that this study had on
the pharmaceutical sclences was its conclusion that, if
other factors remained constant, the dissolution rate of a
compound determined the rate of buildup of blood levels
with time and the maximum levels obtained. Those salts
of the acidic theophylline with high diffusion layer pH's
had greater in vitro dissolution rates than those exhibiting
a lower diffusion layer pH. And, indeed, the rank order of
dissolution rates correlated well with clinically determined
blood levels. Presumahlv. the higher 9H in the diffusion
layer retards hydrolysisf the salt, thereby maintaining
the anionic charge of the theophyllinate ion. This report.
led to many additional studies which illustrate the nflu-
ence of the salt form on dissolution and the beneficial ef-

fects of changing nonionized drugs into salts.

administration of three different salts and the free acid,
was the same as the rank order of their rates of dissolution
in vitro. While the investi ascribed these differences
to the solubility properties of the salts, their experiments
actually compared dissolution rates, not solubllities, The
relative order of dissolution rates and mean maximal blood
levels was: potassium salt > calcium salt > free acid >

benzathine salt.

Nelson (100) determined dissolution rates for several

weak acids and their sodium salts in media whose pH's
represented GI fluids. In all cases, the sodium salt dis-
solved more rapidly than the free acid. This finding re-
solved the misconception that absorption of drugs is 7e-
lated only to solubility in the appropriate medium; rather,
solubility affects absorption only to the extent that it af-
fects dissolution rate. Absorrtion of i

process, and the ultimate solu
absorption sites is of limited consequence since absorption
prevents the attainment of saturated solutions. Therefore,
dissolution rate, more than solubility, influences absorp-
tion since it is a preceding process.

isa c
bility of a drug in fluid at

In two subsequent studies, Nelson and coworkers fur-

ther illustrated the effects of changing nonionized drugs
into salts. A report concerning tolbutamide (101), a weak
acid, showed that the initial dissolution rate of tolbutamide
sodium was approximately 5000 times more rapid than the
free acid in acidic media and 300 times more rapid in

This Giffercroe, measured in vitro, reflected

media.
the differences observed between the free acid and the ealt
when administered to human subjects. Oral administration
of tolbutamide sodium produced an immediate drop in
blood sugar comparable to that produced
injection of the salt, while the slowly dissol
mide produced a smooth, sustained fall in blood sugar

(102).

intravenous
ng tolbuta.

Correlation of urinary excretion rates and dissolution

rates of tetracycline and some of its acid salts also was
demorsstrated by Nelson (103). The salta that exhibited
greater in vitro dissolution rates showed greater urinary
excretion rates, indicating more rapid absorption.

Benet (104), in a discussion of the biopharmaceutical
basis for drug design, referred to the influence of the salt

form on dissolution. He compared the dissolution rates of
tetracycline and tolbutamide and their salts, as reported

in the studies previously cited, and explained why the rates

differ at the pH's exhibited by physiological ﬂu_ida.

Although salt formation usually increases the dissolution
rate of a drug, studies with aluminum acetylsalicylate (105,
108), warfarin sodium (107), and benzphetamine pamoate
108) showed that administration of the salt slowed dis-
solution of the drug and subsequent absorption compared
to the nonionized form. This decrease appeared to result
from precipitation of an insoluble particle or film on the
surface of the tablet. Such a phenomenon decreases the
effective surface area and prevents deaggregation of the
particles. Theoretical considerations of the processes
controlling digsolution of an acid salt of a base (108) and
the sodium salt of a weak acid (109, 110) in reactive media

Juncher and Raaschou (99) demonstrated that the rankil. . have been discussed.

order of peak blood levels of penicillin V, obtained upo

of uther rudels; this une was chusen simply

' “The milhors secommize the exi:
Te r illusteative pusprees.
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" Tablet processing and various formulation factors can
_ decrease the dissolution rate of a salt in human gastric juice

ovet its nonionized form (111). Granulation and tableting
caused the dissolution rate of phenobarbital sedium to




decrease but had the opposite effect on phenobarbital,
Therefore, as a tablet dosage form, the dissolution rate of
the sodium salt was slower than that of the free acid. These
results were attributed to differences in the disintegrating
f_roperties of the tablets; in some instances, rapid disso-
ution in fact bea problem for very soluble drugs.

Others have illustrated a phenomenon that decregses
the dissolution rate of a salt below that of its nonionized
form. Lin et al. (112) studied the relationship between salts
m bolgl:glul neuﬁty‘lx dissolving three it’s‘andt’hg &ﬁ

' ntal antihypertensive in water, 0.1
HC], and pH 7.2 phosphate buffer. The dissolution rate of
theqon 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. These authors ascribed this
variation to the common jon effect and substantiated it
experimentally. Although the biological activity of the
monoh; d ide was greater than that of the free base,
the implications of altered absorption characteristics on
the activity of any other hydrochloride salt in GI fluids
must be considered. Similar results also were reported for
hydrochloride salts of some tetracyclines (113).

Scme consideration must be given to the influence of salt
formation on oral toxicity, which often reflects the rele-
tionship between the in vivo dissolution rate and the ap-
pearance of deug in the circulation (114, 116). Morozowich
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 nontoxic.
They stated that “when absorption is rate-limited by
dissolution of the salt in the gastrointestinal tract, as will
be the case with alowly soluble salts, 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 saits’
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 im| 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 elementa as tem-
perature, pressure, solvent properties (such as resulting
nH), and, tn 3 leaser axtant. tha atate af ayhdiviainn of the
solute,

An important solvent property which is often overlooked
involves the common ion effect; in particular, hydrochlo-
ride salts of druge 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

Ko,

DH*Cl™(u i) == (DH*)yq + (C1")0q
Scheme [

Salt formation is perhaps one of the first approaches

Table IV--Additional Heferences on Salt F:
Dissolution Rate ° on orm and

Topie ]
Dissolution rate of miztures of weak acids and tribasic

sodium phosphate
Physiologieal eailability and in vitre dissolytion

&uwﬂaa»ﬁﬁaeﬂagmrmamw
Bmhemma;ﬁm. mof&olum chranoiogical
B T e e e iaed 15
in the dissolution process of sulfaquinoxaline based on

salt formation .
In&n;enea of the dissolution rate of lithium tablets on side

ects
Dissolution kinetics of drugs in human ¢ julce
Comparison of dissolution rates
el
'n vitro m
their cosrelation with in vitro availability

considered as a means of increasing a compound’s water
solubility. As with dissolution rates, however, salt forms
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
(Table IV). Selection of the salt form exhibiting the desired
solubility properties is critical, since these properties often
dictate the formulation characteristics of the drug.

Phase solubility techniques were used to study the for-
mation of complex salts of triamterene (127). The results
indicated that the organic acid salts of basic drugs, such
as amines, were more soluble in water than the corre-
aponding 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 signi 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 usefu! 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 study on the solubility interrelationships
of the hydrochloride and free base of two pharmaceutically
useful aminea was reported (129). Mathematical equations
describing the total solubility at an arbitrary pH in terms
of the independent solubilities of the hydrochloride and
free hase species and the dissociation constant of thesalt
were derived and fitted to experimental data with good
results. This report clucidated the point that, while the
solubility of the amine hydrochloride generclly sets the
mavimum ohtainahls sonsontection for 2 givon amine, the
solubility of the free base and the pKa determine the
mazimum pH at which formulation &s a sclution is poseible
(assuming that the desired concentration exceeds the free
base solubility). Shifting the pH-sclubility profile to higher
pH values for formulation purposes may require
the solubility of the free base. This increase might be ac-
complished by using an eppropriate cosolvent. Since the
dissoclation characteristics of carboxylic acids and other
acidic organic species are similar to those of organic hy-
drochlurides, it is expected that the pH-solubility profiles
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of these organic acids, although reversed, can be charac-
terized theoretically using the same treatment.

Several reports showed that the atructure of an organic
salt-forming radical influences the solubility of the re-
sulting salt. The water solubilities of 16 salts (carboxylates,
sulfates, su}famates. and phosphates) of the weak base
el ycin were dependent on the size of the alkyl group
of the acid (130). In a atudy with N-alkylsulfamates of
lincomycin (66), a similar phenomenon was ohserved:
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 chlorhexidine, 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 solu-
bility, since salt formation with polyhydroxy acids, par-
ticularly the sugar acids, conferred extensive water solu-
bility to the molecule. :

Several investigators reported the influence of the sol-
ubility of a drug on its formulation and subsequent avail-
cbility 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

ically active ingredient in the various ts
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 extracellular fluids
plays an important role in selection of the compound. The
bitartrate, malate, maleate, and fumarate salts i 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). This enhanced rate of
release (dialysis) was ascribed primarily to the greater
agqueous 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 ingrediont in cintment 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
salicylate diffused much faster from these latter bases than
. . did salieslie acid (124),_

Additional references on the relationship of salt form
and solubility are listed in Table V.

Orgnnoleptic Properties—Modern medicine requires
that a pharmaceutical formulation be efficacious, safe,
stable, and acceptable to the patient. Of primary impor-
tance in the development of oral dosage forms is taste ac-
ceptability, This factor presents no major problems when
the druyg is to be administered as a tablet or a capsule and

Table V—Additional References on Salt Form and
Solubllity

Tople Reference
ln!'lnemdu of solubility on the rate of G1 absorption of 138
8
B(:‘:'dddwfamummclmmﬁmnmﬁ 136 -
P hemical ies of macrolide esters 137
o i ol
Isvlation and reaction ucts of oretic acid and amines 138
Sy cycin salts 139
am,
B o ot reteaattoms of apotic acids 160
water-sofuble properties of orotic acid salta
Solubility ofamrbloﬁes in 24 solvents 141, 142
Solubility of antibiotics-in 26 solvents 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 if it 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 preperation of
a poorly soluble salt form of the drug such that the satu-
ration concentration is Jess than the taste threshold.

Erythromycin estolate (lauryl sulfate) has ﬁmxi‘
mately one-twelfth the solubility of the free , i
tasteless, and is useful in the formulation of oral suspen-
sions (144). A study on erythromycin salts showed that the
bitterneass 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 function; and (b) the
strength of the acid used to form the salt, i.e., the stability
of the salt (130). The stearyl sulfamate snlt possessed 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 bacltracin
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 insoluble, is 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 fon (sodium or calcium napsylate)
to dopreas solubility furthern,

A newer approach to the impravement 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 conditiona necessary for improving
the palatability of a drug by adsorbing it onto an ion-ex-
change resin without appreciably modifying its pherma-
cological effects. They found that: (a) the dsgree ot drug

swallowed as a unit but is clearly a prominent factor in * release from the ion-exchange adsorbate depends on the
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equivalent quetient hetween the electrolytes in the sur-
!'ounding fiuid and the fonic 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 mEq in the gastric juice), and (¢) the
ex.chnnge rates should allow the equilibria to be attained
within a fairly short pericd. Insoluble drug resinates
formed between dextran gel? cation exchangers and several
basicdmgswere 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 4:1 ethylcellulose-hydroxy-
propyl methylcellulase 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 taste properties of
o lable sclt of 8 pooretesting avnt drats This sy
soluble a poor-tasting parent . ‘This app
often can be very difficult, iowevar. since solubilization
of the parent compound usually imparts its unpleasant
taste to the preparation. Nevertheless, some success has
been reported using the artificial sweeteners cyclamate

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 physicochemical and toxicological properties of
henzalkonium saccharinate and a series of saccharinates
of other quaternary ammonium compounds were reported
£151). While conventionel quaternary ammonium com-
pounds have a very bitter taste, their saccharin analogs are
sweet.

Potassium salts frequently possess an unpleasant taste
and a metallic aflertaste. The palatability of some potas-
sium salts in flavored vehicles was reported (162); while
the salts had simiiar taste thresholds at effective thera-
g;utlc levels, all potassium salts exhibited inferior palat-

ility.
Table Il 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, it can influence
the choice of dosage form, the manufacturing and pack-
aging, and the therapeutic efficacy of the final preparation.
Systematic determination’of the thermal stability, solution
stability (at various pH's), and light senasitivity of a drug
and its derivatives, both alone and in the presence of
common additives, provides essential input toward se-
lagting the moet suitabls dariuative and dosage form.

Depending on the route of degradation, different salt
forma impart different .ability characteristics to the
parent drug by various mechanisms. Mast commonly used
are sparingly soluble ealts which, when used in the for-
mulation of suspensions, reduce the amount of drug in

solution and, hence, ita degradation. Differences in hy-
groscopicity of several salts influence the atability of the

2 Sephadex.

‘studied due to the drug’s therapeutic importance

drug in the dry state. In some cases, the salt-forming rad-
ical itself enhances the stability of the parent agent.
The stability of penicillin G and it salts has been widely

and its
characteristic instability. Schwartz and Buckwalter (163)
described some of the stability characteristics of this an-
tibiotic, stating that, with present techniques, a sclution
of penicillin cannot be made stable for more than 2 weeks,
even at refrigerator temperatures. They also discussed the
use of suspensions of sparingly soluble amine salts in

‘aqueous vehicles as a means of “allowing marketing of a

‘ready-mede’ penicillin product.” Procaine, benzathine,
and hydrabamine salts are marketed, and their acceptable
stability as aqueous suspensions is based mainly on their

" insolubility and the minimization of degradation in solu-

tion.

A theoretical treatment of the solubility of these salts
was presented in which equations were derived for calcu-
lating the solubility as a function of pH end the pH of
minimum solubility (164, 155). These equations are based
on the mass action law and its relationship to the 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. Swintosky et al. (166)
demonstrated this effect with penicillin G procaine by
adding procaine hydrochloride to the preparation and
further enhancing its stability. The 8-chloratheophylline
salt (or complex) of penicillin G was reported to be water
soluble, yet stable in solution (157). Since 8-chlorotheo-
phylline is acidic, it has been postulated that a buffer effect
could account for the stabilization of this “selt.”

While penicillin G procaine is more stable in aqueous
vehicles, it is less thermally stable than the sodium or po-
tassium salts, decomposing if heated much above 60°. The
sodium and potassium salts are known to withstend
heating up to 100° for 4 days with little loss in potency
(158). This biehavior might well be due to differences in
melting points—uiz., 106° 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 ez- -
cluded are quite stable in the dry state. A study on theef-
fect of molsture on penicillin salts found the calciumsalt
to be less hygroacopic than the sodium salt and, hence,
more stable in moist atmospheres (159). Similarly, peni-
cillin G potassium is also much lesa hygroscopic then
penicillin G sodium and has become the preferred form for
marketing in the dry state (160).

Several studies reported the relative stabilities of thi-
amine salts, particularly the hydrochloride and the
mononitrate (161-153). The mononitrate is observed to
be leas hygroscopic and is a i much less water
enluble then the hydrochinride. Investigations of varinus
preparations including compressed tablets, multivitamin
capsules, and dry-filled vitamin B complex capsules at
various temperatures showed that the mononitrate wes
more stable than the hydrochloride (164, 165). The sta-
hilities of numercous thiamine salts were studied inaqusous
:iohiltn‘on ansds in 6‘:)’ ?owder pre::lnﬁons ;&wﬁmcﬁ

pients » 167). In aquecus eolution, the resulting pk
was the chief factor controlling hydrolysis and oxidetive
decomposition of thiamine salts; their stability as powder
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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 atable 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 romycin es-
tolate over the free base liesin its low solubility zgutric
julce, which enables it to be administz7ed 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 even when exposed to
acidic environments for extended periods (144). .

_ In a study on the preparation and characterization of
lincomyein (98), it was noted that the cyclamate
salt had an enhanced thermal stability aver the hydro-
chloride. In a subsequsnt report (168), differential thermal
analysis and thermogravimetric analysis showed that while
the hydrochloride easily undergoes thermal degradation,
the cyclamate arion 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 novobiocin 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.

Miscellanesus Properties—The salt form has been
reported to influence other physicochemical properties of
a drug substance. Studies illustrating the effect of the
salt-ferming 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, dextromethorphan and tetracy-
cline, was studied in the rat stomach (188, 187). A linear
relationship existed between the rate of absorption from
buffer solucions of the anions under investigation and their
surface tensions. Thus, the a 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
selts (188).

The antibacterial chlorhexidine possesses surface ac-
tivity. A study of the colloidal properties of some chlor-
hexidine salts showed that the counterion can affect the
critieal micelle concentration of a surface-active agent, and
this effect was usually assuciated with a change in micellar

size (189).
The tion behavior of a relatively insoluble acid
and its eodium salt was studied, and deaggregation 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 comparisans of the two forms were made, inspection
of the data shows that the deaggregation rate of the salt
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Table VI—Additional References on Salt Form and
Stability

Topic Referonce

Stability of chlorhexidine solutions 170
e Rt it 1

rotetra | 4.8 ! ¢

marketed ax'cydmand cycline products

smumbillty of some crystalline vitamin A 178
" com
P':"SMWM studies on the stability of penicillin salts 174
Light sensitivity of tet ines 176
H%fmseop‘ m&: pmpenim.m d , and solubility of 178
m:}!mg of nratie acid and ita amine salte in aquecus 177
Some factors fuflusncing cthe stabillty. of tablets (aspirin 178
Stab‘?llty of aqueons ,,,?Ems drnd%m amlnmﬂcxlnu;" 179
Hygruscopic propertics of varicus prop 160

cochemical studies on the decompoasition of 181
Physt icacﬁgdo?u salts

amin
Stabilities of aqueous sofutions of 2-diethylaminoethy)-3- 182
' melhy!e?&pahigzs,’lw!::afe hﬁmhhrldeyul;:iu )

Inv tion of some properties of penicillin G salts 183
suﬁu of ferrous ivon tabieta on sto! 184
smhllt:gol‘ aspirin sluminum mmmm with antecids 185

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
hlgh;:lt utll?a ea;liest. bloo;l lm. 3'1' the other) hand“l ,itis
possible that hygroscopic eliquescent) salts can
absorb atmospheric moisture, cause a aticky surface, and
inhibit deaggregation.

Higuchi and coworkers presented an extensive study on
the phyaicochemical basis of the ion-pair extraction of
pharmaceutical amines. Distribution ratios of dextro-
methorphan (191) and chlorpheniremine (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, enthalpy, 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).

BIOAVAILABILITY

Most drugs prescribed in the United States are admin-
istered in solid and polyphasic 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 I1.

1 2

aolid drug 22EMYOD G croived drug 2o pug in circulation
Scheme 11

Since the dissolution rate is generally slow for drugs with
poor solubility, Step 1 is frequently rate limiting in the
overall abeorption process. As a result, the onset, intensity,
duration of pharmacological activity, and, hence, bio-
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.




multiple dosing (207). This finding is explained by the fact
that this salt is acid stable and alkeline 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 faating of the subject (209).

On first inspection, the higher serum levels attained with
ervthromycin estolate suggest that the salt form is more
readily absorbed. Alsn critical to efficacy, however, is the
volume of 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 cntibiotics in the blocd, 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 stearate. They
attributed the difference to a greater serum protein
binding of the intact erythromycin estolate, praving that
its higher serum levels did not necessarily reflect more
efficient absurption.

Marked differences have been observed following oral
administration of various salts of penicillin. Penicillin G
potassium has been compared with penicillin G benzathine
(benzethacil) (211, 212), penicillin G hydrabamine (213},
penicillin V (214), penicillin G procaine (212), and peni-
cillin G ammonium (215). As anticipated, penicillin G
potassium produced higher and earlier blood levels than
penicillin G benzathine (211, 212). Furthermore, tablets
of penicillin G potassium buffered with sedium citrate
yielded higher peak levels than unbuffered penicillin G
putassium. 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 G potassium was compared with peni-
cillin G hydrabamine (213), a less soluble salt, blood levels
similar to those produced by dmic:illin G benzathine were
ohserved. When equivalent were administered, the
penicillemia that occurred with penicillin G hydrabamine
was only une-third or one-fourth as great and was of
shorter duration than that produced by penicillin G po-
tassium. .

Budolfsen et al. (212) found that peak concentrations
of penicillin G potassium were three to four tinies these
ohtained with penicillin G procaine and five to six times
thoze of penicillin G 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 penicillemia, which was greater with
penicillin G potassium than with the other two compounds.
‘The authors suggested that the lower blood levels attained
with the relatively insoluble penicillin G benzathine were
caused by its destruction in the GI tract prior to absorp-
tion. This suggestion seems unllkel!. howevel, since the
drug should not degrade very rapidly as an undissolved
suspension.

Bocause of its superior atability in gastric juice, penicillin
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V produces higher blood penicillin levels than corre-
sponding doses of penicillin G. As a result, extensive in-
vestigations have heen conducted with various ealts of
penicillin V (89, 214-220). For instance, tablets, capsules,
and oral suspensions of penicillin V acid produced signif-
icantly higher blood concentrations than comparable
penicillin G preparations (214). In the same study, the
average serum levels produces} by the benzathine sgalt of
penicillin V were significantly higher than comparable
cdloses of penioillin G benzathine for the fivat 4 hr but lower
thereafter, again illustrating the value of using an insoluble
salt to prolong blood levels of an acid-unstable

In another study (215), penicillin V acid was shown to
produce higher and more prolonged plasma concentrations
than either penicillin G potassium or ammonium, whose
propertics were comparable.

Plasma levels were correlated with dissolution rates of
various forms of penicillin V (99). As solid dosage forms,
the readily soluble potassium and calcium salts produced
earlier and higher blood levels in fastmg:ublm than é&i-
ther the free acid or its benzathine salt. On the other hand,
when the potassium and benzathine salts were adminis-
tered orally as solutions, absorption was the same, implying
that the poor solubility of the benzathine salt was re-
sponsible for the inferlor 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 fistulated 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
achlorhydria (pernicious anemia) than in patients with
normeal 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-
trations in dogs and -humans showed that a phosphate
complex salt of tetracycline was absorbed more rapidly and
gave higher blood levels during the first 6-8 hr than did
tetracycline hydrochloride (221). The total amount of drug
absor:ed was about twice as great with the former com-
pound,

Ancther 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 hydrochloride and teiracycline base were absorbed
equally well. Results obtained in this same study indicated
that teiracycline hydrochloride encapsulated with citric
acid produced higher serum concentrations then tetracy-
cline hydrochloride mixed with hei te or the
phosphate complex salt of tetracydline.

In a atudy comparing urinary excretion rates and in vitro
diseolution, the absorption of tetracycline and tetracycline
phenolsulfonaphthaleinate Was rate limited by their dis-
solution rates, whereas tetracycline hydrochloride ab-
20&;;!011 was rate limited by the absorption process itself

103).



Several lincomycin sglts were studied for their com-
parative availability (224). In particular, the blood levels
obtained with the relatively water-inzoluble hexadecyl-
sulfamate salt were compared to those of the ‘
following oral administration. Higher and extended whole
b:g)’d ai&d ;gr:n;i :zn:hanf;aﬁone wer:u?btained in mice,
rass, ana oo ! e hexadecylsulfamate. However,
subcul administered lincomycin 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 have been formed with: (a) polyacrylic acids, (b)
sulfonic or phosphorylated polysaccharides, and (c) nat-
ural polycarboxyl aeide from a séries of polyuronie sub-
stances and polysaccharide derivatives containing carboxyl
groups {18). The report indicated 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 form.

Additional references on the implications of salt for-
mation on ahsorption are listed in Table VIIL.

Pharmacokiretics—Because of the various new
properties that are usually imposed on a compound by salt
formation, the pharmacokinetics of the drug necessarily
change a2 a function of these properties.

For example, a pharmacokinetic 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
1st 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 bioavailability remained unatfected.

An interesting study of the biliary excretion of eryth-
romycin base and erythromycin estolate was reported
(244). The biliary excretion of erythromycin 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 base. However, the proportion of the ingested dose
secreted in the bile was small, and the total amounts in-

Table VIII—Additional References on Bioavailability
and Absorption Alteration

Tople
Rloud lavels produced by thrae theophylline-coniaining
e

lixirs
ae;t“?ﬂ ﬁ:nabsorpﬁo, or ,mnofamtom of
ror! ?
EMol‘manfzn on the absorption of tetracycline from
the ot stomach 3
Blood lovels-following ors! administeation of different
preparations of novoblovin
Al n of jopancicacid and its sodium salt
of secobarbital (quinalbarbitone) and ite

godium
Absorption rate of barbiturates in humans
Mo e and atropine mucate
Excretion of bephenium galts in urine of human

volunteers

Polymetl\ﬂ 7 ylene his(isothiuronium) salts: antituberculosis
atlv

P::-long:yd ‘glntitussive action of a resin-bound noscapine
Nermecology uf sullapyridine and sulfethiazsle

Phsmaeolog
Evaly f plasma concentrations of propoxyphene
brid pﬁnclﬂ:l comrunent analysis of

ique: equimolar dosea

Reference

SEEEENEB

38 8 B B

ation
utilizing e
varisnee tec
Antrycide, a new
Pralidoxime methancsulfonate: plasma levels and
pharmacol o after orat ncfmtnimn on to humans
tatestinal shsorption of pralidoxime and other oldoximes
Bluod &l&m tevels and elimination of salts of
pralidoxime (2-PAM) in humans after oral
administration
Enhancement of G1 abso?tlou of a quaternary
ammonium compound by trichloroacetate

=2 B8

282

volved were not sufficient to account entirely for the di(-
ferences in serum concentrations attained. Undoubtedly,
the protein binding studies of Wiegand 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, ami-
nosalicylic acid exhibits a short half-life and, therefore,
reguires large and frequent doses which may cause gastric
irritation. Consequently, different chemical forms such as
salts have been prepared (119, 246-247) to reduce the in-
cidence of gastric irritation, increase absorption, and
proiong blood levels,

Aminosalicylic 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 reported-rezarding
the absorption of the acid and i sodium, potassium, and
calcium salts from solution, suspension, and tablet for-
mulations (245, 246). Compearison of the relative
bioavailabilities of aminosalicylic acid in water
and its salts dissolved in water showed that, while differ-
ences in rate of absorptinn were found to exist, absorption
of both the acid and its salts was essentially complete.
Absorption of the free acid from tablets reached only 7%
of the dose, whereas that of the tableted salts was rapid and
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 saits. This
result was attributed to concentration-dependent me-
tabolism during absorption: when the rate of absorption
is high, the metabolic processes become saturatetl and
more unmetabolized drug remains in the blood; convetsely,
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Table IN—Additional References on Bioavahability and

Table X—Additional Refvrences on General Pharmacy

Pharmacokincties and Pharracological Effect A
Tapie Reference Topic . Reference
Phurmacadyuemics of ﬁmﬁ»nigcin (nhmphonouiyclu) after 248 Differential excretion of bromide and chlorideionsand its 289
intravenous administeation to humans role in bromide retention 200
Pharmacedymamics of phosphonomyetn after oral 249 Pharmacalogical study of caleium methionate 2
administration te hamans Sy : ::g in vitro lungistatic evaluation. of some N-
Comparative studivs un distribution, excretion, and 250 substituted amides and amine salts of sorbic acid o0i
wmetabolism of *H-hydroxyzine and its 4C-methlactide Antiaimebic studies on ehmmqm _ ([
in rats vl il 2% g’,%ﬂinqpr l):ml m .8 :aﬂ in
kineti icillin ¢ te, icillin 252 ro n exper
T o el sttt bollwstg Adjunivo valus of oral prophyloxis with the axlamss 263
intramweulor infection pralidoxime .aPAM}gcwamdpuﬁﬂum o
Physiolugicul disgueiition of fenopeafen in humans; 252 methanesulforate to tlwragquc administration
pharmacokinetic som) l risun of culeium and sedium P&m& g::y Wmﬂmlm m:ltl'a&!?d sarin' vapat 24
salts administered orally g;g‘{‘mm q." ?m)m oo and atripioe in .
ent uf severe arganophosphate pols
when the absorption rate is low, l:l for the free acid, a mm“alaﬁmghni“wm&m of 2%
higher percentage of drug is metabolized. erganophaosphorus anticholinegterase poisoning .
Additional references regarding bicavailability and Mﬂﬁmﬁ" ‘of enoxvlone (glyeyrrhetinicacidiand 266
pharmacokinetics are presented in Table IX. Pharmaculoicol properties of glycyrrhetinicacid 267
hydrogen suceinate (disodium ﬂl)
Ganglioni: blocking activity of diastereomeric 268
GENERAL PHARMACY dimethylaminabornyt acetates and their 2

Pharmacplogical Effect—Chlorpromazine hydro-
chloride and quaternary chlorpromazine chloride were
investigated with respect to their effects on the central
niervous system (CNS) (253). The quaternized 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 a very
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 test on the blocking of
murphine activity in mice, 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 fur naloxene mucate. The results disproved this
hypothesis. Furthermore, this theory implies that ntact
salt 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 | and screened for antifungal and antibacterial
activity (255-257). By using salts of fatty acids, the anti-
fungal action was found to parallel the length of the carbon
chain of the anion, 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

salts would be more lipid soluble and could be ex-

pected to pass through the cell wall of the infecting or-

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 heen examined (268). In these experiments,
itching and pricking were induced by an alternating cur-
rent of low amperage and voltage afplied to the skin orby
expusure 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 soluticns of their bases in a mixture of water, 40%
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clinical efficacy

alcohol, and 10% glyceral were claimed to be effective. Such
transport phenomena across the stratum corneum are
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 membnne. 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 nonionized form was not. Ephedrine hydrochloride
presented an interesting example, however, gince. it di-
alyzed considerably faster than its corresponding base. It
was theorized that the chloride ion dialyzed ¢a , €1
hancing the rate of dialysis of the ephedrine ion. Accord-
ingly, when chloride ion was present on both sides 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 if calcium 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 salta.

Miscellaneous—Release ratea were determined for
aminophylline, ephedrine alkaloid, and ephedrine hy-
drachloride from theahrama nil suppesitaries containing
nonionie surfactants (133). While surfactants with hy.
drophilic-lipophilic balance (HLR) values less than 11 only
ninimally affected release rate, rates increased with sur-
factants of HLB valuesa greater than 11. Under optimal
conditions, aminophylline was faster than ephedrine hy-
grochloride which, in turn, was superior to the ephedrine

nge.
Willis and Banker (272) reported on the fprmation ‘;lf

polymer-drug salts as an approach to the ph
design of dosage forms. Poly(methyl vinyl ether/:naleic
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anhydride) salts of methapyrilene were prepared and
tegted 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 salt.
Various poly(methy! vinyl ether/maleic anhydride) hem-
iester salts of methapyrilene exhibited substantially slower
release than the polymer ether salts, hydrochloride salt,
or free base forms. Polymer-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
m@ﬂaﬁon. It was theorized that the lack 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 hetween biological activity and pKa of the
salt-forming amines (274).

Lin et al. (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 monohydrochloride, 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 dihydrochloride and disulfate salts
produced greater hypotensive effects than did the mono-
hydrochloride.

TOXICOLOGICAL CONSIDERATIONS

Toxicity of Salt Jon—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 ustd to form salts and that are relevant to
this review were discussed in depth (275).

Toxicity from ingestion of caleium salts of drugs is rare.
If hypercalcemia oceurs, however, calcium deposits in the
kidney can bring on a reduction of renal function. The
principal toxic effects of lithium also invoive 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 if their sodium intake was

.. - Yawored, they Incusved - frreversible kidney-damnuye: Al
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 ahsorbed
and may act a3 a laxative. The nitrate ion is irritating to
the GI tract, causing nausea and gastric distress. Also, in-
teatinal 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 calciurm which is poorly dissociable

and rarely causes any toxic reactions. While tartrate ions

are usually absorbed minimally from the GI tract, high

ﬁoneentrations reaching the circulation can cause renal
amage.

Acetate and lactate ions are normal metabolites and
appear to be well tolerated in relatively large amounts.
Jodide and bromide ions can produce conditions known as
iodism and bromidism, 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 toaken for pro-
longed periods or when used by patients with decreased
renal function (277).

Toxicity of Salt Form—Provided the salt-forming

agents are nontoxic, the relative toxicities of a series of salts
of a compound are often observed to reflect directly their
absorption rates. For example, the toxicities of dibromide,
dichloride, diiodide, and dimethylsuliiie salts of quina-
pyramine3, a trypanocidal drug, were determined (238).
The sparingly soluble halogen salts were much less toxic
subcutaneously or i y 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 equimolar doses
of the napsylate salt (281).

Several salts of benzphetamine 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 meaqien lethal times (LTs) were deter-
mined for each salt. Both the LTso and LDs (determined
on only a few salts) increased as the ir vitro dissolution rate
at pH 7.2 decreased. While dissolution at pH 1.0 did not
correlate well with toxicity, the LTsq's were inversely re-

'lla;ed to the square root of the dissolution rates at pH

Toxicity studies comparing iopanoic acid, a cholecys-
tographic contrast medium, with its sodium salt (115)
showed that the salt form has 10-fold greater toxicity. The
LDjgo’s 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 § surface area and,
therefore, dissolved more rapidly than even fine
of the free acid. The faster and more complete drug ab-
sorption then resulted in increased toxicity.

Salts exhibiting greater water solubility than their
parent conpountis or Tesssohibis salés are riot always more
toxic, For example, various inorganic and organic ions were
used to prepare salts of methyl pyridinium-2-cldoxime
that would have greater water solubility and would elim-
inate undesirable side effects due to the iodide ion (85).

Even though the aqueous solubility of the majority of these
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%

9 Antrycide,
Vol. 66, No. 1, Januory 1997 7 18



bt —— -

Table XI—Additional Reforences on Toxicoiogical
Considerations

(3) N.J. Harper, Progr. Drug Res., 4, 221 (1962).

4) K. Munzel, ibid., 10, 265 (1966),
:5; V. J. Stells, Aust. J. Pharm. Sci., NB2 (2), 57 (1973).

{6) A. A. Sinkula and 8. H. Yalkowsky, J/. Pharm. Sci., 64, 181

(1976).
() “Martindale The Extra Pharmacopoeis,” 26th ed., Pharma-

tical Press, London, Englend, 1673,
o (8) L. C. Miller snd W. H. Heller, in “1974-76 Drugs of Choice,” W.

C. 4., Mosby, St. Louls, Mo, p. 26,
M(%‘;"é.&h.h ondot.md.l.?h!pliiw.lm Pharm. Fr., 27,667
(1969); through Chem, Abstr., 72, 126018 (1970).

o G.C. Scatt, G. J. Yakatan, and
D. %iv, J, Pharm. Sei., 58, 1689 (1970).
(1) O. R. Coataes. P. . Contacos;ndJ. 8. Luno, . . Trop. Med.

Topic Reference
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of surhie acid as a dictary compunent
Tty and distrsbation wa@wﬁu 287
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oy and toxicology wlery! aycin eatolate 289
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review £an report e-effect
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Comparative owlsulo o ook CoBSaTE -
b OXI K ] J
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Toalcity and tissue distribution st'dies on the 23
h hloride, bismuth iodide complex, and a resinate
emstine
Bacitracin zine in pharmaceutical preparations 146
ewupproach ta ammoenium compounds 161
Pharpioentogs of duine thcophutiinate. 0 284

more toxic. Further research with oximes revealed that
other salts ave also toxic (282).

cventoge of the population. Comsesucntin,  seoreh ams
percentage pop n. Consequ , @ was
initiated for an aspirin derivative that would not induce
GI blood loss (283). All compounds prepared, however,
including the sodium and calcium saits, caused GI hem-
orrhage with a severity similar to aspirin.

Polyene antibiotics are potent antifungal agents but
bear considerable toxi.ity. Even though the methyl ester
hydrochlorides of these compounds are more sotuble, they
retain almost all of their antifungal activity and, more

igni ,8how a uniform decrease in toxicity compared
to their parent compounds (284).

- Additional references on toxicological considerations
of salt formation are given in Table XI.

CONCLUSIONS

Salt formation is a means of altering the physical,
chemical, and biological characteristics of a drug without
modifying its chemical structure. Clearly, 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
semiempirical choice. Pharmaceutical scientists now rec-
ognize these facts and are beginning to study the effects
of different salt forms on the physicochemical properties,
bioavailability, and toxicity of drug substances.

Although now only a few generalizations are available
to predict the effect of particular salt forms on the char-
dcteristics of a drug, perhaps in time it will be possible to
evolve increasingly iaore powerful generalizations re-
garding the effect of a salt on the properties of its parent
compound: In addition, we predict that polymer-drug salts
will have a revolutionary effect on future trends in drug
therapy, particularly in the areas of reducing drug toxicily
and In controlling the release profile of novel drug delivery
syéatomms, -
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.4 R)-4-{4-Fluorophen l)-3~lI3.4-(methylenedloxy)phenoxylmethyllpiperid!ne [(3S.9R)-3. par-
t()iftfrllgl Is(a selcctlv‘:a ser{tonin reuptake inhibitor (SSRI) used as an antidepressant in huma;s.
In previous studies, we reported that certain (1 R)-38-(substituted phenyl)nortropane- f-
carboxylic acid methyl esters (2a) exhibited high affinity and reasonable selectivity for the
serotonin transporter (S-HTT). The major structural differences between 2a and (354R)-3
are that 2a possesses a different absolute stereochemistry and has an ethylene bridge not
present in 3. In addition, 2a possesses a carbomethoxy substituent adjacent to the aryl ring,
whereas (35,4R)-3 contains a {3,4-(mcthylcnedioxy)phenoxylmethyl group. In this study, we
present the synthesis and biological evaluations of six of the possible eight isomers of 3-(4-
I'Iuorophenyl)-Z-ll3.4-(methylenedioxy)8hemxy] methyljnortropane (4). The data for inhibition

of [*H]paroxetine binding show that

R)-28.3a-4¢, which has the same stereochemistry as

roxetine, has the highest affinity at the 5-HTT. Strikingly, the most potent compounds for
?:hibition of [3H|WIN-35,428 binding were not the (1 R)-2f3,38-isomers but rather (1R)-28.30-

4c and (15)-28.3c¢-4f. Conformational analyses show that these isomers exist in a flattened
boeat conformation with pseudoequatorial substituents. Thus, the binding data show that this
conformation is recognized by the DAT-assaciated 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
(1).!2 Considerable evidence suggests that the reinfore-
ing or addicting properties of cocaine are due to its
ability to inhibit dopamine uptake in the limbic brain
area -7 Similar to dopamine, the reuptake of previ-
ously released serotonin plays the major role in regulai-
ing the synaptic. availability of serotonin and thus
serotonergic neurotransmission. Numerous neurochem-
tcal 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 tntake and
alcohol consumption, are observed.8 In addition, evi-
dence suggests that Inhibition of serotonin reuptake
modulates the reinforcing properties of cocaine.8-13
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 (1R)-38-
(substituted phenyl)nortropanes possessing 24-carbox-
ylic acid ester groups (2a)"! and 28-ketone groups (2b)1$
exhibit high potency at. and reasonable selectivity for.
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the serotonin transporter selative to the dopamine and
norepinephrine transporters. These compounds share
structural features with the 4-(4-lluorophenyl)-3-[(3.4-
(methylenedioxy)phenoxylmethyllpiperidine (3) class of
seratonin uptake inhibitors. The serotonin uptake
inhibitor paroxetine, which is (35.4R)-3. has proven to
be an effective antidepressant in humans® Both classes
of compounds, 2 and 3, contain a piperidine ring with
an aryl malety in a similar position. The major struc-
tural differences between 2a and (35,4 R)-3 are that (a)
in 2a the substituent B to the amino group is a
carbomethoxy group whereas the analogous position in
3 is occuplied by a [3,4-(methylenedioxy)phenoxylmethyl
group, (b) the substituents in 2a are cis to each other
while they are in trans orientation in (35,4R)-3, and (¢
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-fluorophenyl)-2-
(13.4-(methylenedioxy) phenaxy]methyllnortropane (4).

Synthesis

Scheme 1 outlines the general synthesis used to
prepare the nortropane analogues 4. Lithium alumi-
num hydride reduction of the appropriate 3-(4-fluoro-
phenyl)tropane-2-carboxylic acid methyl ester isomer 5
gives the 2-(hydroxymethyljtropane §. Treatment of 6
with methanesulfonyl chloride afforded the 2-hydroxy-
methy! mesylate which, when heated in a tetrahydro-

§0022-2623(97)00669-9 CCC: $15.00 © 1998 American Chemical Society
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furan:DMF (5:1) mixture containing 18-crown-6 with the
sodium salt of sesamol, yields 3-(4-fluorophenyl)-2-|I3.4-
{methylenedioxy)phenoxylmethyljtropane 7. N-Demeth-
ylation using 1-chloroethyl chloroformate (ACE-CI) in
ethylene dichloride followed by treatment with metha-
nol, or using trichloroethyl chloroformate followed by
treatment with zinc, affords the nortropane analogues
4.

The synthesis used to prepare three of the 3-(4-
fluoraphenyl)tropane-2-carboxylic acid methyl esters (§)
(possessing the (1 R)-configuration) is shown in Scheme
2. The addition of (p-fluorophenyl)magnesium bromide
to anhydroecgonine methyl ester (8), which was derived
from (—)-cocaine as previously reported. gives (1R)-
28,30-5.18 Isamerization of (18)-28,38-§ with sodium
methoxide in methanol affords (1R)-2a,38-5. The ad-
dition of (p-fluorophenyl}lithium to the a S-unsaturated
1.2,4-0xadiazole 9 gives the cis-addition product 10.
Subjection of 10 to reduction with nickel boride in
methanel results in conversion of the oxadiazole to a
methyl ester and effects complete isomerization at the
2-position to give (1R)-28,3a-5.7 We had hoped to
prepare (1R)-20,3a-5 by appropriate modification of this
reductive opening of the oxadiazole ring to the 24-
methyl ester. However, all attempts to effect this
conversion resuited in isomerization of the 2a group to
the 28-isomer.

Three of the (1.5) tsomers of 3-(4-fluoropheny!)tropane-
2-carboxylic acid methyl esters were pre by routes
given in Scheme 3. The synthesis of 12—14, (15)-28.3a-
5. and (15)-28,38-5 is analogous to that presented in a
preliminary communication for the synthesis of the

- 2311008A_I_>

18-Crown-6
CHany o\'
CHO —Q—O
? F

correspanding (1R analogues.'® The addition of N-
phenyltrifluoromethanesulfonimide to a tetrahydro-
furan solution of (1.5)-2-carbomethoxy-3-trapinone (11)"
containing sodium bis(trimethylstlyl)amide yielded tri-
flate 12. This triflate was utilized in two ways. Treat-
ment of 12 with triethylamine, formic acid, triphenyl-
phasphine, and palladium catalyst gave (15)-anhydro-
ecgonine methyl ester (13)."® The (1.5)-38-(4-fluaro-
phenyl)tropane-2f-carboxylic acid methyl ester |(15)-
2.38-5] was synthesized as described previously for
(1R)-2(.38-5.'% Treatment of (15)-2/,38-5 with sodium
methoxide in methanol afforded (1.5)-20.,34-5. Reaction
of 12 with (4-fluoraphenyl)boronic acid in refluxing
diethoxymethane using tris(dibenzilideneacetone)di-
palladium(0) as catalyst, followed by chromatographic
purification, gave the {4-fluorophenyl)tropene 14.'® Re-
duction of 14 with samarium (II) iodide at ~78 °C using
methanol as the proton source, followed by quenching
with trifluoroacetic acid at 0 °C, gave a mixture of (1.5)-
3a-(4-fluorophenyl)-28-carboxylic acid methyl ester [(15)-
28.30-5] as the major product and (15)-38-(4-fluoro-
phenyl)-28-carboxylic acid methyl ester [(1.5)-28,358-5],
which were separated by column chromatography.
Specific structural and stereochemical assignments
were made for the compounds (1R)-7 and (1.R)-4 using
1D 'H and "3C NMR spectra and 2D COSY.20-2t NOE-
SY.22 and HQMC?® spectra. Thus, the presence of a
large (10.6 Hz) coupling in the pattern of H3 in the 'H
NMR spectrum of (LR)-28.38-7a requires H3 to be axial,
showing that the aryl substituent at C3 must occupy
the equatorial (§) position. Similarly, the magnitude
of 23 (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 A-position of the C2 substituent. The observed
NOESY interaction between H3 and H6 further con-
firms the axial configuration of H3 and requires that
(1R)-28.38-7a be in the chair canformation. Similar
arguments confirm the structural assignment of 28.38-
4a. The observation of two large coupling constants (J
= 12.0 He) for H3, which are bath (COSY) associated
with H2 and H4p, characterize the structure of 2a,38-
7h. The observed NOESY interactions of H2 with H48
and of H3 with H6 provide further evidence for the
2a,3f-sterochemistry and show that the compound is
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in the chair conformation. The structure of the N-nor
analogue 2a.35-4b is deduced from similar consider-
ations. The compound 28.3a-7c also exhibits two large
coup and one smaller coupling for H3. The

couplings (J = 10.8 and 10.3 Hz) are associated with
H2 and H4a, respectively, while the smaller coupling
(J=83H2 isassoclated with H48. In addition, the
NOESY spectrum shows an interaction between H2 and
H4a. These observations cannot be reconciled with a
chair conformation for this compound. Since the strue-

. 2311000A_1 >

tures of the 38 isomers are definite, this isomer must
possess a 3a substituent, i.e., H3 must be equatorial,
However, the two Jarge coupling canstants between H3
and its geminal neighbors are inconsistent with dihedral
angles of ~60°, which are associated with equatorial-

equatorial ar equatorial—axial protons in a chair con-
formation. Therefare, the preferred canformation for
this compound must be boatlike. This observation is
supported by molecular modeling where the global
energy minimum conformation was found to be a
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Table 1. Comparison of Transporter Binding Potencles of the 1somers of 4 and 7
" N
L0
F
ICso (nM)?
sterenchemistry 5-HT DA NE DA/S-HT  NE/SS-UIT
compd R 2 3 [*HiParoxctine (PHIWIN 35.428 3| Nisoxetire ratia® catio?

Line 0.28 £ 0.02 623 + 25 535 + 15 2230 1910
(1K)-7a CHa B B 201 £ 18 308 £+ 20 5300 4 450 10 18
(R-4a H B B 480 £ 21 835 L 90 37400 L 1400 1.7 78
(LR)-Tb Ci « B8 529+36 172+ 88 26600 £ 1200 33 500
(1R)-4b H a B8 90+ 34 142 + 13 2500 £ 250 1.6 28
(IR-7c Cil; B Qa 422 + 16 3.01 £0.2 123 £ 9.5 0.007 0.29
(1R)-4c B [} 562+£0.2 386 £ 0.2 44£13 0.7 26
(19)-7d CHa B B8 88.1 £ 2.8 1050 + 45 27600 £ 1100 12 310
(15)-4d H B B 424 £ 15 1210+ 33 17300 + 1800 29 41
(15)-7e CH, a A 447 £ 47 1500 % 74 2916 + 1950 32 640
(15)-4e H a A 558 +5.73 276 £2.4 1690 + 150 0.49 30
(19).7f CHa B [} 178 + 13 208+ 17 12400 + 720 L7 70
(15)-4f H B a 19+£18 407 £ 33 1990 £ 176 21 100

* Data ave mean + standard ecrar of three oc four experiments with triplicate values at each concentration. * DA/S-H'E and NE/S-HT

are rauos of [Csp values.

flattened boat. This conformation Is preferred over the
lowest energy chair conformation by >3 kcal/mol. The
similarity of the NMR parameters of the N-nor analoguc
28.3a-4 indicates that it exists in a similar conforma-

tion.

Ligand Binding Studies

ICss values at the DA, NE, and SHT transporters
represent inhibition of 0.5 nM [PH]WIN 35,428, 0.5 nM
(3Hlnisoxetine. and 0.2 nM [3Hlparoxetine binding.
respectively, and were determined as previously de-
scribed?® The ICsp values for paroxetine, the six
nortropane analogues 4, and six N-methy! analogues 7
are listed in Table 1.

Discussion

Cocaine (1) is an inhibitor of the neuronal transport
of norepinephrine {(NE), dopamine (DA), and serotonin
(5-HT)} at roughly similar concentrations, i.e., with K's
between 220 and 310 nM.?* Biochemical binding stud-
ies indicate slight DA selectlvity.?2? In recent years,
structure—activity relationship studies of cacaine ana-
logues for binding at monoamine transporters, particu-
larly at the dopamine transporter, have been
explored,2-32 and some structural medifications that
result in selectivity for the dopamine transporter aver
the norepinephrine and serotonin transporters have
been tel:portettli'.”‘” In the introduction section, we
pointed out that serotonergic activity may affect the
reinforcing effects of cocaine. Since tht{ in v{tro patency
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 serotonin transporter in
mediating the neurachemical and behavioral actions of

BNSDOGID: <XP___ 231 1009A_(_>

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 inhibiters 3. Both
classes of compounds contain a piperidine ring with a
4-fluorophenyl group and a [3.4-(methylenedioxy) phe-
noxyjmethyl motety 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,4R)-
isomer of 3, which is paroxetine, may interconvert
between the chair conformations Ca, and Ce, and the
boat conformation Bee and B.,, the piperidine ring in
the analogous isomer of 4 can only interconvert 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 trans-
(+)-35.4R isomer, exceeds that of the other isomers by
factors of 60—160.¢ This isomer may exist in either a
diequatorial (Ce) or a diaxial (C,y) chair conformation,
as well as in boat conformations B, and B, all of which
are interconvertible. The chalr conformations C,, and
C.c are mimicked by the isomers (1R)-28,3a-4¢ and (19-
2a,3f-4e, respectively, each of which can adopt a boat
conformation, but which are not interconvertible. There-
fare, it would be expected that, if conformation Ce. were
responsible for the high potency of paroxetine, (15)-
2a,3f-4e would possess high potency to inhibit [3H]-
paroxetine binding. Conversely, if conformation Ca,
were the potent form of paroxetine, (1R)-28.3a-4¢ would
exhibit high potency. However, since the chair confor-
mation of (1R)-28,3a-4¢ possesses two axial substity-
ents, 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
allococaine, the (2e,30)-diaxial isomer of cocaine, boat
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Figure 1. lsomers of 4.
conformations were pret;:rredl 1(‘2; diaxlial analogues of
-aryltropane-2-carboxylates.” '«

3 ﬁdmgaanmmties at the S-HT ¢, determined
by inhibiclan of PHiparoxetinie binding (Table 1), show
that the diequatarial isomers, (1R)-20,38-4b and (LS)-
2a.,30-4e, are substantially less potent than the diaxial
tsomers. (1R)-26.3a-4c and (15)-28,30-4f. demonstrating
that conformation Cee, 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 (18-28,3a-4c, suggesting that
its conformation best mimics the conformation of par-
oxetine which {s recognized by the receptor. Since the
preferred conformation of the piperidine ring of (18)-
2B8.3a-4¢ is a substantially flattened boat, it appears
that a relatively flat conformation may be required for
paroxetine to bind the receptor at the 5-HT transporter.
Such a conformation could resemble both the (18)- and
the (1.5)-isomers of 28,3a-4¢, and indeed, the potency
of {1R)-28.3a-4¢ Is only 3.4 times greater than that of
the (15)-isomer. The more than 1 order of magnitude
lower potency of (1 R)-28,30-4¢ (ICsy = 5.62 nM) relative
to paroxetine (ICso = 0.28 nM) may be due to steric
inhibition of binding by the ethylene bridge in (1R)-
28,30-4¢.

The fact that several 38-(para-substituted phenyl)-
trapane-2f-carboxylic acid methy esters, which possess
the natural (1R)-cocaine stereochemistry, have high
afffinity at the 5-HT site® suggested that (1R)-28.38-
4a (i.e., an analogue of the cis Isomer of paroxetine)
might also possesss high affinity ac the 5-HT trans-
porter. Additionally, it had been shown that N-de-
methylation of 3f-(p-luorophenyl)-28-carbomethoxy-
tropane (WIN 35,428) to give the Anor analogue (RTI-
142) resulted in increased affinity at the DA, 5-HT, and
NE transporters.3® 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-HT 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
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H H
;‘ﬁ oA ,__—_QN on
Ary Aty
(1R)-(2p.30)4c (1R)-(20.30)-49
M H\N
~~n OAr,
5&6
Aty OAr Ary
(1SH2p.3a)4t (15)-(20:.3cx)-4h

to note that both (1 R-28.36-4a and (lS»Zﬁ.Bﬂ—d:_:lﬂ h‘ad
Jow affinity for all three transporters. The low affinity
of (1R)-28.34-7a and its N-nor analogue {1R)-2p.3-4a
at the DAT relative to the (LR)-2f,3a-isamers is par-
cicularly striking. Thus, since the ratio of potencies ta
inhibit radioligand binding at the DAT for cocaine,
which has the (1R)-28.38 configuration, to allococaine,
which has (1R)-28.3a configuration, is 59.% it might
have been expected that the potency of the (1R-28.38-
7a and (1.R)-28.34-4a would exceed that of their (1R-
28,3a-isomers. Instead, the ratio Is 0.01 for (1R)-24.38-
7a ¢o (1 R)-28.3a-7c and 0.005 for (1R)-2.3p-4a to (1R-
28.3a-4c. This unexpected result may be attributable
to the flattened boat conformation of (1R)-28.3a-7c and
(1R)-28.3a-4c. A less striking but similar situation had
been observed for the isomeric 3-phenyl-2-(3-methyi-
1.2.4-oxadiazol-5-yl)tcopanes, where the potency of the
28.3a isomer, which exists in a boat conformation, was
only slightly lower (1.48) than that of the 24,38 isomer,
which exists in a chair conformation.3?

Conclusions

Six of the passible eight stereolsomers of 3-(4-fluoro-
phenyl)-2-1(3.4-(methylenedioxy)phenoxylmethyl]-
nortropane (4) have been prepared as analogues of
paroxetine. Ligand binding data show that (1R)-28.3a-
4c, which is one of the isomers that has the same
relative stereochemistry as paroxetine, has the highest
affinity for the 5-HT 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
:oh:terhpote::.cy of (15)-2a,38-4e, which is the other isomer
as the same relative stereochernistry as parox-
etine, confirms that a chair conformation Mtl,;atwo
equatorial substituents is not recognized by the 5-HT
transporter-associated receptor. The good affinity of
(LR)-28,3a-4¢c and (1R)-28.3a-7c at the DA transporter
suggests that tropane analogues which exist in a flat.



Keverline-Fran

{18)-20.3p4¢

Figure 2. Chair and hoat conformations.

tened boat conformation with pseudoequatorial substit-
uents are well recognized by the DAT-associated binding
site.

Experimental Section -

Melting points were determined on a Thomas-Hoaver capll-
lary tube apparatus. All optical rotations were determined
at the sodtum D line using a Rudoiph Research Autopol 11X
polarimeter (1 dm cell). Thin-layer chromatography was
carricd out on Whatman stlica get 60 TLC plates, and flash
chromats y was conducted on silica gel 60 (230—-400
mesh). Visualization was accomplished under UV or in an
jodine chamber. Microanalyses were carried out by Atlantic
Microlab, Inc. Tropinone was purchased from Lancaster
Synthests, Inc., and samarium iodide was from Fluka Chemi-
cal Corp. All other chemicals were purchased from Aldrich
Chemicat Co, Inc. THF and ether were freshly distilied from
sodium benzophenone. All other reagents were used without
further purification.

Nuclear Magnetic Resonance Studies. Routine NMR
spectra were obtained an a Bruker AM-250 spectrometer.
COSY. NOESY, and HMQC spectra were recorded on a Bruker
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AMX-500 spectrometer operating at 500.13 MHz for 'H using
a Bruker 5 mm inverse detect broadband prabe. The double
quanium Hitered phase sensitive COSY22 and NOESY2 were
acquired as 1024 x 512 data points with a spectral width of
4800 Hz In both dimensions. The data were apudized with a
squared sine function and zero filled to 2K x 2K data points
prior to Fourier transformation. NOESY spectra were ab-
tained with a 1200 ms mixing time and a recycle delay of 4 s.
Heteronuclear multiple quantum corretation (HMQC)® spectra
were acquired as 1024 x 256 data points with a speciral width
of 4800 Hz in F2 and 24 375 Hz in F1. An average coupling
constant of 145 Hz was used to optimize t/2/cy delays. The
data were apodized with a squared sine function and zero filled
to 2048 x 512 data peints prior to Fourier transformation.

Molecular Modeling Studies. Molecular modeling was
performed on a SGI O2 using Sybyl 6.3 and Spartan.®
Minfmum 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 fs
and then annealed to 200 K far 500 fs with an exponential
ramping function. The overall boat or chair conformation was
maintained during the annealing procedure by placing a
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penalty function on the N—C3 torsional angle with an cqui-
librium value of 0° for the boat conformation and G5° 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-
tion were obtained from semiempirical (AM1} quantum me-
chanics caleulations.

General Synthesis of 3-(4-Fluoraphcenyl)-2-(hydroxy-
methyl)}tropane (6). A solution of § (3.0 minot) in 10 mL of
£120 was added dropwise to a cooled slurvy (0 °C) of lithium
aluminum hydride (5.0 mmol) in 20 al of anhydrous Et;0.
The reaction mixture was stirred at reom temperature for 2 h
and then cooled to 0 ‘C and quenched with N 1,C) (~3 mlL).
Water was added, and the layers were scparated. The aqucous
layer was extracted with Et;O. The organic layers were
combined, and the solvent was rermoved to affocd a white solid
which was recrystallized fromn hexarnes or ECOAc. Results from
each isomer are described in the following experiments.

(1R)-3p-(4-Fluorophenyl)-2f-(hydroxymethyl)tro-
pane [(1R)-20.30-6]. Recrystallization from hexanes gave
0.745 g (83%) of white solid: mp 75-78 °C; [a]®p ~59.8° (¢
0.5, CHCL); 'H NMR (CDCl3) 4 1.46 (n. 1H), 1.58-1.67 (m,
1H), 1.72 {s. 1H), 1.75 (s. LH), 2.36 (m, 2H), 2.28 (s, 3H), 2.50
(m, 1H), 3.07 (m, 1H), 3.35 (m, 2i{), 3.46 (m, 1H), 3.75 (m,
1H), 7.01 (m, 2H), 7.32 (m, 2H). Anal. (C;sH2FNO) C. H, N.

(1 R)-36-(4-Fluorophenyl)-2a-(hydroxymethyl)tro-
pane [(1R)-20,34-6). tallization from EtOAc gave
0.494 p (79%) of white solid: mp 174-176 °C; |a])o +26.3° (c
0.62. CHCls): 'H NMR (CDCly) 4 1.54-1.62 (m, 2H). 1.70-
2.22 (m, 6H), 2.27-2.35 (m, 1H), 2.35 (s, 3E1), 3.20~-3.41 (m,
4H), 6.96 (m, 2H), 7.18 (m. 2H); *C NMR (CDCl) 6 162.33
(). 139.21, 128.77, 128.64, 115.08, 114.74, 62.41, 61.13, 48.58.
40.84, 40.59, 37.19, 25.48, 21.26. Anal. (CisHxFNO) C, H,
N. The alcohal was converted to the D-tartrate salt. Recrys-
tallization from MeQH/Ft.0 gave a white hygroscoplc pow-
der: mp89°C (fusion); 'H NMR (CD;0D) 4 1.88-2.39 (m. 7H}),
2.72 (m, 1H). 2.87 (s, 3H), 3.25 (dd. 2H). 3.96 (m, .ll'l)- 4.07
(m, 1H), 7.05 (m, 2H), 7.31 (m. 2H); (ol +3.5° (c 0.20,
CH;OH). Anal. (CoHaFNO7) C, H.N. .

(LRS- Eluorogheny) 28 e

ne [(1R)-283a-8). h
£ % o sers om0 s o
83_ o : K . URS . ’

X 3H), 2.46 (m, 1H),

L84 (m, 1H), 201-2.13 (m. 2H), 223 6, 111), 6.96
24 (m, 2H), 3.64 (m, 1H). 3.83 (m. 11D 6.

285 (m.2 "‘)-(:fz}i,: 1C NMR 6 (CDCL) 163.27 (d). 14213,

128.66. 128.54. 115.09. 114.75, 69.11, 65.21, 60.27, 49.0c.

N =41.9° (¢ 0.31, CHCL).
40.88, 37.82. 35.53, 26.95, 26.53; lalo ?,:;(9 w(a‘; converted to

"NO) C. H. N. The prod
‘:h?:)-t;&rs:: ot Recrystalizaton from éc(z:)ﬁ;?mg
ff-white salid: mp 3

B e S G bl
gi? % gg‘) (':?-:0;}(1')':' llnlzio 540" (c 0.48, CH,OH). Anal
* 1 FNO:0.5 Hz0) C. H. N. .
(cmllgz;r:lg?&?ﬂuorophenyl)-Zﬁ-(hydmxymethyzt{clvs
n (15)-26.36-6). Recyst e R (COCL) & 1.46
B ottt mg 71T C MM O
R e T e R
s (3“ 1,315 D, ("'1'229}?’47'1315.3. 11480, 68.56.
CcDCH) 986, 5 36,19, 26.29, 25.18. lalo

56.6° (c0.54, CHCl). Anal. ((..sH:FNO) C.H
* Qa 5’)-3ﬁ-(4-Fluofophenyl)-Zu-‘( y

2neeeat?
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gave 0.540 g (72%) of white sofid: mp 83-85 °C: 11 NMR
(CDCla) 6 1.49 (m, 24}, 1.74 (m, 2H), 2.05 (m, 2H), 2.23 {s.
JH), 2.47 (m, 1H), 2.94 (m, 2 H), 3.23 {m, 21). 3.65 (m, IH).
3.85 (m, 1H), 6.96 (m. 2H). 7.25 (in, 2H); C NMR (CDCh) §
160.99 (d). 141.98, 128.63, 128.57, 114.93, 114.77, 68.69, 64.94,
60.16, 49.88, 40.83, 38.01. 35.49, 27.07. 26.62; |a)o +38.6° (¢
0.29. CHCly). Anal. (CisHzFNO-0.5H:0) C, H. N.

Procedure for the General Synthesis of 3-(4-Fluoro-
phenyl)-2-{[3,4-(methylenedioxy)phenoxy]methyl)-
tropane (7). A solution of the appropriate isoner of 6 (2.0
mmol) in 15 ml. of CHCl, was cooled to 0 °C, and methane-
sulfonyl chioride {2.5 mmol) was added. EtzN (2.0 mmol) was
then added dropwise. The reaction mixture was stirred at 0
°C for 0.5 h and then at rocom temperature. After 3 h, CH,Cl,
and water were added. The reaction was basified to pH 10
with NH.OH. and the layers were separated. The aqueous
layer was extracted with Cl{,Cl,. The organic layers were
combined, washed with 1 N NaOH. water, NHCl solution,
water, and NaCl solution. and drled over Na:SO,. The solvent
was removed to give a colorless, slightly cloudy oil which was
used without further purification.

Sodium hydride (60% dispecsion, 1.0 mmol) was washed
twice with hexanes under nitrogen gas. Anhydrous THF (10
mL) was added, and the slurry was cooled to 0 °C. A solution
of sesamo! (4.0 mmol) 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 mL of a mixture of THF and 2 ml. of DMF and
added dropwise over 10 min. The reaction was warmed to
room temperature after the addition was complete, refluxed
for 3 h. and then stirred al room temgerature for 2 h. The
reaction mixture was cooled (o O °C and quenched with water.
THF was removed under reduced pressure, water and NHOH
were added, and the aqueous tayer (pH 10) was extracted wits
CH;Cl;. The organic layers were combined, washed with ':‘he
NaOH, water, and NaCi solution, and dried over MgS{);.

¢ light yellow oll which was
solvent was removed to give a light ye as
purified by flash chromat;wdg)raphy on silica gel, eluting
Et:0/F1sNmexanes (27:3:70). -

(lR)-w-(l-Fluonphenyl)-zﬂ-ll3.4-(me‘hg‘:el“¢d‘°nm m:};’y
phenoxylmethyljtropane [(1/0-2.38-7a], Purt'ce’ o0 5
flash chrumatography gave 0.33 g (44%) of the P 509
as an ofl: 1H NMR (CeDe) 8 1.59 (“l:i 1-11')- ll‘?; 2.82'.’;“8 tiz)

’ d, tH. J = 14.3. 58, 5. \

(m. 2H), 2.14 . 1H), 220 (dfe, Ha2). 2.40 (s. 3H), 2.98 (dd.

2.38 (ddd, 1H. J = 11.6, 16. 1.6 H2). 2. 0 5. 1.6 Ha),
= 11.6. 6.2 Hz), 3.01 (ddd, 1H, J = 6.2, 8.&

:‘S‘z{ca. 2106, 5.8 Ha), 431 (ddd, 1H. J=9.7. 18, 1.8

J=86, 23 Hz), 648 (d. 1H.J
Hz). 5.89 (s. 2H), 6.32 (dd'_‘H‘ .2H, J=88,88
= 2.3 Hz), 6.66 (3, 1H, J=8.6 Hz), 6.95 @gd(CDCI;) 4 163.06,

gy : 15C NM
Ha). 7.39 (dd, 2H, J=838, 5.8 Ha): 45, 12033, 115.12.
0. 152.75, 148.28, 143.23, 141.82. 24, 55.25, 5049,

11478, 108.57, 10809, 10015 Qg:fgé. The p-tartrate salt

3 96, 31.96, 26.98 1
?&fi&fi&s?ii 2'P;q’pggn)ilfzg;z'll )gtt‘:&f yieldeé&‘;"‘)'g);
der which had mp : Z‘H‘)““;.GB (m. 2H).
2,95 (s, 3H), 3.48 (m. 2H). ¢
32?_(2.43:3)" ;’22 émarysg:& (%dl-'!)‘“igi 3;43 ‘(gb},f?c- 3.21.
id, 1H), 7.03 (m. 2H). 7. o
(gﬁ;ou;. Anal. (CzsHsoFNOw) C. H. N thylenedioxy)-
3-(4-Fluorophenyl) -zla-‘%?'i"’a("‘s. 7o), Fractions were
meth: ) fess oil:
m:: ,glg\ve o?g4 g (51%) o{ ﬁhejp:g% s :fg"lf‘z). A :l:
ddd, 1H. 0.98. 48 12 1.
'H NMR (€400 31T, 171 (. \H). 1.7

= 2.0. 5-7- 3'0 Hz)' , ddd ‘H. J= 12.0.
(ddd, 1H. J =1 12.0,6.4,6.4 H2), 1.941dd. PRr =0 0 67
1.87 (ddd, 1L J2 B2 ™ 31 add, M. T =A% =

120, 3.4‘_H:31.d2.20 @ 3 b 96,35 Ha). 300 . iH

N
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101.23, 98.14, 70.84, 68.91, 63.28, 62.01. 46.23. 41.55, 11.23,
37.54, 26.10, 22.07. The compound was converied to che
p-tartrate salt. Recrystallization from E(QH/ELO gave a
hygroscopic off-white er: mp 105 °C (fusion): '+l NMR
{CD,0D) 6 1.95 (m, 1H). 2.13-2.46 (m, 5H), 2.77-3.00 (m, 21 1),
289 (s, 3H). 3.46—~3.70 (m, 2H)} 3.99 (m. 1H). 4.14 (m. 1H),
4.43 (s. 2H). 5.84 (s. 2H). 6.15 (dd. 1H), 6.35 {d. 1H). 6.62 (d.
110), 7.06 (wn, 2H), 7.35 (m, 2H); fal?}p +32.8° (c 0.29, CH,0L1).
Aunal. (CxH3FNQg) C, H, N.

3a-(4-Fluorophenyl)-2-[[(3,4-(methylenedioxy)phe-
noxy)methyljtropane [(1R)-2f.3a-7c}. Fractions were pooled
to give 0.312 g (12%) of the preduct as a light yellow oil: 'H
NMR (CqDg) 4 1.25 (dd. tH, /= 13.2, 10.8 H2), 1.50 (ddd. |H,
J= 128, 95, 3.4 Ha), 1.59 (ddd. IH, J= 170, 12.1. 4.9 H2),
1.87 {ddd, tH. /= 10.8. 10.8, 3.5 Hz2), 2.13 (ddd. IH. ./=17.0.
12.1, 5.8 H2). 2.29 (m, 4H), 2.46 (ddd. 1H, J = 13.2. 8.6, 8.3
Ha). 2.62 (ddd, 1H, /= 10.8, 10.3, 8.3 Hz). 3.29 (m, 211), 3.59
(dd, 111, J = 10.8, 3.5 Hz), 3.75 (dd, I1H. J = 10.8, 10.8 H2),
587 (s, 2H), 6.18 (dd, 1, /= 8.5, 25 H2), 6.38 (d, IH, J=
25 Hz), 6.63 (6. IH. J = 8.5 Hz), 6.96 (dd. 2H, /= 8.6, 8.6
H2), 7.16 {dd, 2H, /= 8.6, 5.6 12); 1*C NMR (CDCl;) 4 163.29,
159.39. 154.48, 148.111, 141.39, 140.73, 110.68, 129.47, 129.28.
115.32, 114.99, 107.85, 105.53, 101.05, 97.98, 71.33. 62.73,
§9.48, 50.89. 41.45, 41.11, 36.12, 29.43, 28.48. The product
was converted ta the D-tartrate salt. Recrystallization from
EtOH/E(,O gave a hygroscopic off-white solid: mp 84 °C
(fusion): 'H NMR (CDgYOBD) 4 1.82 (m, 1H). 2.07-2.19 (m, 2H).
2.30-2.76 (m. 4H). 2.82 (s. 3H), 3.02—3.15 (m. 1H). 3.76 (m.
2H), 3.96 (m, 2H), 5.87 (s, 2H), 6.30 (dd, 1H). 6.51 (4, 1),
6.65 (d, 1H). 7.07 (m, 2H), 7.35 (m, 2tD; |a|?3p —48.3" (¢ 0.29,
CH3OH). Anal. (C2gH30FNGQ0.5H:0) C. H, N.

(15)-3p-(4-Fluorophenyl)-24-((3.4-(methylenedioxy)-
phenoxylmethyljtropane [(15)-26.38-7d]. Fractions were
poaled to give 1.02 g (69%) of the pure product. 'H and 2C
NMR are identical with the (1 R-enantiomer. The product was
converted (o the D-tartrate salt. Recrystallization from 2-pro-
r_anollethrl ether yiclded a white powder: mp 90 °C (fusion);

H and 3C NMR are identcal with those of the (18-
Em:ntlomez: [aln —26.8° (c0.63, CH;OH). Anal. (CxH0FNOy)
. UL N.

(15)-3p-(4-Fluorophenyl)-Za-{[3 4-(methylenedioxy)-
phenoxy)methylltropane [(15)-20.3p-7e). Fractions were
pooled to give 0.76 g (64%) of the product as a slightly yellow
oil. 'H and *C NMR are identical with those of the (1R)-
enantiomer. The compound was converted to the b-tartrate
salt. Recrystallization from MeOH/Et:0) gave a hygroscoplc
off-white powder: mp 95 *°C (fusion); 'H and »*C NMR are
identical with the (1R)-enantiomer; [a]®s ~50.8° (c 0.50.
CH30H). Anal. (CzxHxFNOg) C. H. N.

(19)-3a-(4-Fluoropheny))-24-([3.4-(methylenedioxy)-
phenoxylmethglltmpane ((15)-28,30-7f]. Fractions were
pooled to give 0.24 g (32%) of the product as a light yellow oil.
1H and 13C NMR are identical with those the (1 A)-enantiomer.
The product was converted to the D-tartcate salt. Recrystal-
lization from MeOH/Et:0 gave a hygroscoplic white salid: mp
56 °C dec. 'H and *C NMR are identical with the those of
{1 R)-enantomer, |0|Zg +38.2° (¢0.33, CH,OH). Anal. (CxHn
FING»0.25H,0) C. H. N.

General Procedure for Demethylation of 3-(4-Fluoro-
phenyl)-2-1{3.4-(methylenedioxy) phenoxy|methyl)-
tropane (7). Method A. The appropriate isomer of 7 (1.0
mmnl) was dissolved fn 15 mL of dichlorcethane under
nitrogen gas. Proton Sponge [1.8-bis(dimethylamino)naph-
thalene, 0.14 mmwl; Aldrich) was added. and the solution was
stirred for 0.5 h at room temperature. ACE-CI (6.0 mmol) 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 h. The solvent was removed under
reduced pressure to afford a dark orange/red oil. Water was
added, and the reaction fixture was basified with NHOH.
The aqueous layer was extracted with CHiCl,;. The solvent
was removed under reduced pressure, and the praduct was
purified by flash chromatography
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Method B. The appropriate isomer of 7 (1.0 mmol) was
dissulved ia 10 sl of tuluene under nitrogen gas. Potassium
carbonate ((.4 mmof} was added, and the solution was refluxed
for 0.5 h. Trichloraethy! chloroformate (3.8 mmol) was added,
and the reaction was refluxed for 24 h. Additional chioro-
formate was added, and the reaction was refluxed for 24 h.
Water and CHCI; were added. and the reaction mixture was
basified with NH,OH. The layers were separated. and the
aqueous layer was extracted with CHCl,. The combined
arganic layers were dried over Na;SOy. The solvent was
rentoved to afford a brown all. The carbamate was dissolved
in glacial acetic acid (6.0 mL). and Zn dust (1.00 g) was added
fn small portions. The mixture was stirred for 12 h at roomn
temperature. Water and CHCl; were added, and the reaction
was filtered through Celite. After basifying with NH,OH and
extracting with CHCIl,, the organic layers were dried over
K:CO;. The praduct was purified by flash chroma phy
on silica gel, first cluting with Etz0/EtaN (9:1) followed by
CHCI/CH;OH/NH,OH (90:9:1).

3$-(4-Fluorophenyl)-28{(3 4(methylenedioxy)phenaxy}-
methyl]nartropane [(1 R)-28,38-4a]. Method A. Purifica-
tion afforded 0.083 g (62%) of the product as a pink oil: 'H
NMR (CsDsN) 8 1.67 (dd. 1H. J=12.0, 3.5 H2). 1.9] (m, 2H),
2.05 (ddd, 1H, J=13.9, 10.9, 1.9 H2), 2.15 (m, 3H), 2.93 (dd.
1H, J=12.3. 1.9 H2), 3.28 (dd, 111, J= 12.3, 5.5 H2), 3.32 (m,
1H), 3.60 (dd. IH, J = 10.6, 6.2 H2), 4.55 (ddd, 1H, J = 9.5,
§.5, 1.9 H2), 5.93 (s, 2H), 6.58 (dd. IH. J = 8.4, 2.4 H2), 6.86
@, Ul J=84Hz), 6.87 {d. IH, J= 2.4 H2), 7.06 (dd, 2H. J
=8.7, 8.7 H2), 7.49 (dd. 2t], 7= 8.7, 5.4 Hz); “*'C NMR (CDCly)
4 163.18, 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. ‘The product
was converted to the o-tartrate salt. Recrystallization from
EtOH/EL:0 gave a white hygroscopic powder: mp 183—185
°C dec; '"H NMR (CDsOD) 8 1.98-2.37 (m, 7H). 3.24~3.42 (m.
2H). 3.72 {(m. 1H). 3.87 (br s, IH). 4.42 (s, 2H). 4.55 (bs. IH),
8.7 (s, 2L1), 6.39 (dd, 1H), 6.58 (d, 1H), 6.68 (d, 1H), 7.05 (m,
2H). 7.33 (m, 2H); [al®s +10.6° (¢ 0.36. CH;OH). Anal.
(CasH2aFNGy) C, H, N.

(1 R)-35-(4-Fluorophenyl)-2a-[{3,4-(methylenedioxy)-
phenoxylmethyllnortropane [(1 B)-20,35-4b). Methad A.
Fractions were pooled to afford 0.19 g (55%) of pink oil: ‘H
NMR (CsDsN) 4 1.68 (m, 3H), 1.78 (m, 1H), 1.87 (ddd, 1H. J =
12.6, 12.6. 2.2 H2), 1.97 (m, 1H), 2.58 (m, 1H), 2.73 (ddd. 1,
J=119, 119, 5.5 H2), 3.58 (ddd, IH, J = 68, 3.2, 3.2 Hz).
3.69 (s. 1H), 3.71 {d. tH. J= 1.9 Ho), 3.96 (dd. |H, J = 64.
2.2 H2), 590 (s. 2H), 6.32 (dd, I1H. J = 8.3, 2.5 H2), 6.62 (d.
IH,/=25H2),6.78 (d, IH, /=83 Ha), 7.11 (dd, 2H, J =
8.7, 8.7 He), 7.32 (dd, 2H, J= 8.7, 5.5 H2): 3C NMR (CDCl)
4 163.96, 159.66, 154.13, 148.14, 141.57, 13891, 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. Thc
product was converted to the D-tartrate salt. Recrystalltzation
from MeOH/EL,0 gave a ic light yellow pawder: mp
140 °C {fusion); 'H NMR (CD,0D) é 1.88-2.45 (m, 6H). 2.66
(m. 1H), 3.00 (m, 1H), 3.53-3.70 (m, 2H), 4.13 (m, 1H), 4.28
(m, 1H), 4.42 (s, 2H), 5.84 (s, 2H), 6.14 (dd, 1H), 6.34 (d. 1H),
6.60 (d, 1H), 7.06 (m, 2H), 7.33 (m, 2H): [a]®p +36.0° (¢ 0.30.
CHi0H). Anal. {CxsHzFNO,-0.5H;0) C, H. N.

(1R)-30-(3-Fluorophenyl)-24-[{3.4-(methylcnedioxy)-
phenoxylmethyllnortropane [(1 )-26,3a-4c). Method A.
Fractions were pooled to afford 0.069 g (55%) of yellow oil: 'H
NMR (C:sDsN) 8 1.51 (m, LH), 1.65 (m, 2H). 1.92 (m, 2H), 2.23
{ddd, 1H. J=13.8, 9.1, 7.4 Hz2), 2.80 (ddd, IH, J=11.1, 1 1.1,
7.4 Hz), 3.52 (m, 2H), 3.71 {d, I1H, J =33 H2), 3.75 {dd. IH.
J=09.1, 3.7 Hz), 3.91 (dd. IH, /=9.1. 9.1 H2), 5.85 (s. 2H),
6.35 (dd, 1H, J = 8.4, 2.3 Hz), 6.65 (d, IH, J= 2.4 H2), 6.77
(d. 1H. J=8.5 H2), 7.09 (dd, 1H. J= 8.6 H2), 7.25 (dd, tH, J
= 84, 5.6 Hz); *C NMR (CDCl;) 4 163.6, 154.52, 148.07,
141.62, 140.39, 129.47, 115.37. 115.03, 107.87, 105.60, 101.08,
98.03, 71.11, 55.25, 51,96, 49.84, 39.12, 35.92, 34.33, 32.30.
The product was converted to the p-tartrate salt. Recrystal.
lization from 2-propanol/Etz:0 gave a hygrascopic white crys-
talline solid: mp 174 °C dec: 'H NMR (CD,0D) 4 1.72 (m. LH),
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2.01-2.24 (m, SH), 2.58 (m, 14), 2.94 {m, tH), 3.69 (. 2H).
4.1 (m, 2H). 5.86 (s, 1H). 62.8 (dd. tH), 6.50 (d. 1H), 6.65 (d,
1H), 7.06 (m, 2H). 7.33 (m, 2H); |a|2; ~79.7° {(c 0.32. Cti>
OH). Anal. (CasHAFNOg) C. H. N.
(I.S)-Jﬁ-(d-Fluorophenyl)-Zﬂ-[|3.4-(meth lenedioxy)-
phenoxylmethyllnortropane (1 .s)-Zp,:W-lld{ Mel:ho:y é
Flash chromatugraphy gave 0.098 g (26%) of the preduct,
Another fraction contained 0.118 g of the N.methyl starting
material. 'H and ¥C NMR arc Identical with the (1R
enantionicr. ‘I'he product was converted o the L-tartrace salt.
Recrystallization from E1OL/E.0 gave a light tan hygroscopic
powder: mp 180184 °C dec; 'H and 3C NMR are identical
with those of the (1 R-enantiomer; |aj%y —10.3° (¢ 0.30,
CH;0H). Anal. {CasH2aFNGy) C, H. N.
(15)-3f-(4-Fluorophenyl) -2a-{[3.4-(methylenedioxy)-
phenoxylmethyllnortropane ((15)-20,38.4¢c]. Method A.
Fractions were pooled ta afford (.135 g (40%) of pink oil. 'H
and SC NMR are identlcal with those of the (1 R)-enantiomer.
The pruduct was canverted to the d-tartrate salt. Recrystal-
lization from McOH/E1,0 gave a hygrascopic tan powder: mp
170 °C {fusion); 'H and *C NMR are identical with thuse of
the (1 R-enantiomer: (al®p —52.4° (¢ 0.50, CH30H). Anal
(C2sH2sFNOg+0.25H.0) C, f1. N.
(l5)-30.-(4-Fluorophenyl)-zp-l(&A-(methylenedloxy)-
phenoxylmethylinortropane {(15)-26,3a-4f]. Method B.
Flash chromategraphy afforded 0.095 g (55%) of the product
as a brown oll. 'H and ¥C NMR are identical with thase of
the (tR)-enantiomer. The praduct was converted to the
L-tartaric acld salt. Recrystallization fram EtOM/ELO gave
a light tan hygroscopic powder: mp 163-166 °C dec; 'H and
3C NMR are identtcal with thase of the (1 A)-cnantiomer: {o}%5,
+76.3° (c 0.27. CH;0H). Anal. (Czs11:sFNGs-0.5H,0) C. H,
N

(18)-3a-(4-Fluorop -20-(3-methyl-1,2 4-oxadiazn)-
5-yl)tropane (10). To a cooled solution {(~78 °C) of bromo-
Muorohenzene (0.64 g. 3.66 mrol) in 10 mL of anhydrous Et0
was added ¢Buli (1.0 M in pentane, 6.0 mL, 6.00 mmol)

Ise. After the mixture was stirred for 20 min ac =78
°C, a solution of 9 (0.31 g, 1.51 mmol) in 20 ml. of Et;0 was
added slowly. The reaction was stirred at =78 °C for 2 h and
then at —40°C for t h. The reaction was treated with ethereal
TFA over 5 min, allowed to warm to 0 °C, and diluted with
ether. The mixture was basified with dil;:e NH.O:I r:;:‘d u:g
layers were rated. After the organic layer was
szSO‘. thes:lgavent was removed (0 give 0.44 g of oll. Flash
chromatography |EtOA¢/EtsN/exanes (27:3:70)] gave 0.28 g
of product as a white solid. Recrystallization from hexan'es
afforded 0.158 g (35%) of white crysials: mp 101-103 °C: I;
NMR (CDCly) 6 1.52~1.67 (m, 2H), 1.83-2.15 (m, 3H), Zfl
(s. 3H), 2.32 (s. 3H), 247 (m, tH), 3.35 (m, 1H), 3.5§'(m. NlM}!
s A S i

(CDCly) 4 179.41, 166.49, Al 12028, S 1588,

63, 44.31, 40.48, 35.33, 34.69, 28.39, 23.10,
%{‘4‘3?'lf.%i"+§2.¢r (c0.60. CHCla). Anal. (CisHaFNO) C.
H. N.

-(d-Fluorophen 1).zp.amuhwmm -
Zﬁ(;ﬁ:]h %‘t a solution of);ncket acetate (5.33 g, 21.43 nan;)l:
in 50 mL of MeOH was added siowly aslurry of Nalit, (0801

A3 mmol) in 25 o . 78
g 101895 4280 G L% 03
mL, 21.43 mmol) mmm&o:fm‘:m” 3 sty Ceoom
black slurry. ’l‘hehre:g o refluxed for 3 h. The reaction
temperature for 212 Et,0 and saturated NaHCOs

mixiure was cooled and then S0 P L t1,0H to pH

were added. The reacticn w;::, and the blue agueous layer

3
- memhc{:? ;"o:‘r‘egrg several times. The Wbti &af
vem afford 1.03 g of clear ail: 'H R(C.Dg)zm L
;OH) 1.27-1.33 (m. 1H). 1.70-192 ::)1. 325. (s 3I-l):
%’ﬁ? e (e, 1D, 2.38 (. m;. 288 ((:: 1. 325 6. 30
3.3‘. m 1 3.2:;3:&11203‘66 (m.d as. me p-tartrate salc:'(l)a]:g
The ester was ooty mp 65 °C. Anal. (CatiaFNOsO:

H0) C. H.N.
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(IQ‘Z-Carhomethoxy-s-Il(trlﬂuorometh_yl)sulfonyll-
oxyluopeue (12). Carbomet hoxytropinone!>®% (5,01 g, 30.5
mmol) was dissolved in 150 mL. of anhydrous THF under N,.
After the mixture was cooled to —78 °C. bis(trimethylsilyl)-
amide (1.0 M solution in THF, 40.0 mL., 40.0 mmol) was added
dropwise by an addition funnel. The mixture was stirred at

=78 °C for 0.5 h. The triflimide (13.03 g 36.5 mmol) was
dissolved in 100 mL of anhydrous THF and added dropwise.
The reaction was stirred for 10 min at -78 °C. then warmed
to 0 °C, and stirred for 2 h. The reaction vessel was fitted
with a drying tubic and allowed to remain at 5 °C for 36 h.
The reaction was quenched with 0 and extracted with
CH.CL. After the mixture was dried over Na,SO,, solvent was
removed from the solution 10 afford 11.77 g of brown oil.
Purification by flash chrematography (lmndE(OAc. 3:2)
8.07 f (80%) of triflate 12 as a golden oil: 'H NMR (CDCly) &
1.60 (m, 1H), 2.00 (m, 2H), 2.20 (m, 2H), 2.40 (s, 3H). 2.85 (m,
1H), 3.43 (m, 114), 3.82 (s. 3 H), 3.93 (d. 114); *C NMR (CDCly)
4 163.79. 119.10, 125.19, 118.21 (q), 60.08, 57.40. 52.05, 34.86,
34.66, 33.03. 29.96; fa®p —7.8° (c 1.0, CHCl). Anal.
CuthiF0S) C, H, N.

(lS)-Anhydroeeognlne Mecthyl Ester (13). The triflate
12(11.36 g, 34.5 mmwl) was dissolved in 250 mL of anhydrous
THE under Nz, Next, Pd(OAC); (0.177 g, 0.788 mmol), PPhs
(0.461 g, 1.76 mmol), and Et;N (14.4 mL, 10.45 8. 103.3 mmof)
were added. The reaction was sticred for § min, HCO:H (2.60
mL, 3.17 g, 68.9 mmal) was added dropwise, and the mixiure
was refluxed for 1 h. After to room temperature, water was
added. The reaction was extracted with CHCI; and dried over
Na:S0,. Purification hy flash chromategraphy (Et;O/EtN/
hexane, 9:1:10) gave 5.43 g {87%: 75%, 2 steps from 11) of 13:
'H NMR (CDCly) 8 1.49 (m, 1H), 1.86 (m, 2H), 2.14 (m, 2H),
2.34 (s, 3H). 2.62 (m. 1), 3.24 (m, LH1), 3.74 (s, 3H). 3.79 (m.
tH), 6.82 (m. 1H): [0}®n +35.5° {c 1.0, CHCL) (i {a]®p
+38.3° {¢ 1.0, CH;0OL))).

(19)-3f-(4-Fluorophenyl)tropane-2f-carboxylic Acid
Methyl Ester [(15)-28.34-5). The synthesis of this compound
has been described previously.® The fractions were pooledcto
give 4.22 g (51%) of product as a white salid: mp 92-93 °C
(11¢.** mp 94-96 °C). A second (raction (1.48 g) contained the
o-isormer: 'H NMR (CDCla) 4 7.22 (m, 2H), 6.95 (m, 2H), 3.57
(m, 1H). 3.50 (s. 3H). 3.36 (m. 1H), 2.95 {m, 1H), 2.86 (m, IH):
2.57 (m, tH), 2.22 (s. 3H), 2.15 (m, 2H), 1.57—-1.75 (m, 3H):
([@}2p +49.2° {c 0.52, CH30H) |lic.*? for the naphthalene-1,5-
disulfonate [al?p +84.5° {c 1.0. HO)L. . fe Acid

15)-34-(4-Fluornphenyl)tropane-2c-carboxy!
Méd?;lsﬁ-lister Qs -5). A white salid was ob_ta‘,:)n'eg
which was recrystallized to give white crystals: mp 68(" o
(LS mp 71.5-73.5 °C); 'H NMR (CDCly) & 1.56-2.15 (m, ity
2.40 (s. 3H), 3.00~3.14 (m, 2H), 3.23 (m, 1H), 3.41 (m. )

7 (m, 2H). 7.21 (m. 2H); 3C NMR (CDChl)
3.50 (s. 3H). 6.97 (m, 2H). 07, 115.30, 114.97
e Lk i, I8 i
3.62, 61.12, 51.49, 51.42, 39.65, 38.76, 36.14, 26.10,
?ul”o —14.5° (c0.55, CH:OH) [1it lof**o ~1.2 )(tc 50, CH%I:))]

(.92 Carbomety. e triflate 12 (1 51 g, 4.59
Toa ““f,%?‘;:,“;‘g'z‘f:“;‘ ;mdﬁdm(dmemndemwm)-
mmol), S o e il . 4.5 mL.
digalladium(0) (0.170 g). Na:COx (421’3 f."u. ?mr:."e H:0 ri mL.
.0 mmal). and Qe varophenylboronic acid (0852 &,
stirred vigarously. 20 (pﬂ'?oh?mﬂnn was refluxed and
6.08 mmol) was added. &), After 1 h, the reaction
h"’cﬁmf’ggp and H:0 were added, and
was filtered theoug | o8 1 oH'10 wich NH,OH. The tayers

the mixture was bas| extracted with
were separated, and che aques ‘-;mnb‘a)m't'twe?is and dried over

" organic layers were i  ovee
(ﬁ:'z%%‘. "‘;‘htte so%:em was removed rm:t (‘&h\ee drg.:d d::l:;
fford 2 dark yellow oil. Purification e aﬂ'omrded
a W‘“ phy (sitica gel. Et0/Et:N/hexane, 9. :10)affor
?‘09 '] (86%.5? of the tropene a;sq a ;l(law dl:)\fzh;tz:nssfe iarady
. s —58 °C; ‘H CDC! . 1
s‘:(:‘:m:g il-‘l!)‘p 35.20 (s. 3HD), 3.35 (m, 1H), z‘.;lé ﬁ“a&*?cééﬁ) (sé
0 94224 (m. 4H). 164 {m W0 Ton 52, 128,40,
::];)s’z‘{ \62.12 (d), 14277, 137.15, 131.02, 128.52,




