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CEUTICAL AGENT
{57) Abstract

(54) Title: (R)-(Z)-1-AZABICYCLO[2.2.1JHEPTAN-3-ONE,O-[3-(3-METHOXYPHENYL)-2-PROPYNYL]OXIME MALEATE AS A

The {1:1) maleate salt of [R-(Z)]-1-Azabicyclo]2.2.1]heptan-3-one,0-{3-(3-
agonist bas unique properties relative to other zalts of the compound, rendering it a des

henyD-2-propynyll-oxime, a known muscarinic
le pharmaceutical.




Compounds of Fornula | bel ow, and nore specifically a subset of
conpounds of Formula Il bel ow, 25 are covered in United States Patent
Nunber 5, 306, 718 and its continuation-in-part United States Patent
Nunber 5, 346,911 as nuscari ni c agoni sts, useful agents for the
treat ment of pwowve4psgr cognitive decline associ at ed WRAT/USPGI§6A14
chol i nergi c deficiency, such as 30 Al zhei ner' s di sease.

Compounds of Fornula Il where Ar is-.a phenyl group substituted by
one or two methoxy groups possess sone of the nost interesting
profiles of pharnmacol ogi cal activity in vitro (Jaen, et al., Life
Sci ences, 35 1995; 56: 845-852 (Table | oftaithe reference)). One of

t hese conpounds in particular (1), which contains a WO 96/ 40687
PCT/ US96/ 06814 (R) - {2) -1-AZABICYCLO[2.2.1] HEPTAN-3-ONE,O- [3- (3-

(3- met hoxyphenyl ) pr opar gigreexyEeiy e2ChROPYNMASXIME MALIEASRIASi£d in this
and earlier publications (Davis R : g. Brain Res., 1993;
98: 439- 445) as di spl aying a 3@?5“?&%%%%%#% rall profile of 5
phar macol ogi cal activity, as illustrated by its high affinity to rat
cerebral cortex nuscarinic receptors,

BACKGROUND OF THE INVENTION

The instant invention is a c¢rystalline salt of
{R) - (Z) -1-Azabicyclo{2.2.1}heptan-3-one,0- {3- (3-

10 methoxyphenyl) -2 -propynyl] oxime, and maleic acid
(1:1 ratio) {(the compound) which provides a
pharmaceutical form with properties superior to the
free base or any of the other pharmaceutically
acceptable salt forms of this compound.

15 The chemical structure of this salt is
OCH,
N‘~o’435‘~casc HO;K _ fxgH
20 . IC——C\
H

Compounds of Formula I below, and more
specifically a subset of compounds of Formula II below,
25 are covered in United States Patent Number 5,306,718
and its continuation-in-part United States Patent
Number 5,346,911 as muscarinic agonigts, useful agents
for the treatment of pain and cognitive decline
associated with brain cholinergic deficiency, such as
30 Alzheimer’s disease.
Compounds of Formula II where Ar is a phenyl group
v substituted by one or two methoxy groups possess some
of the most interesting profiles of pharmacological
. activity in vitro (Jaen, et al., Life Sciences,
35 1995;56:845-852 (Table I of the reference)). One of
these compounds in particular (1)}, which contains a



the ability to displace an agoni st radi ol abel ed |igand

. (ci s-.net hyl di oxol ane) from nuscarinic receptors at 246 times | ower
gpnc%ntrations than those required to 10 di spl ace an ant agoni st
radi ol i gand (qui nucli di nyl benzilate), and its ability to selectively
stinulate  wo9eabessubt ype nuscarinic receptors without siBETUSWEH14
stinulation of other non-m nuscarinic receptors. 15 [err]

A conpound with the chem cal structure of 1 above 20 may exi st as any of
four stereochem cal isoners, represented by la, 1b, 1c, and 1d bel ow

[err] la 1b (R -(2)-stereoisoner
(S)-(2)-stereoisomer 30 [err] 35 -2-

1d (R) - QE) 1v::m:yph.enereo' Sy )propa 1 cxnggideStc%aggzl somer
identified in this and earlier publications (Davis R.,

et al., Prog. Brain Res., 1993;98:439-445) as
displaying a very favorable overall profile of

5 pharmacological activity, as illustrated by its high
affinity to rat cerebral cortex muscarinic receptors,
the ability to displace an agonist radiolabeled ligand
{cis-methyldioxolane) from muscarinic receptors at
246 times lower concentrations than those required to

10 displace an antagonist radioligand (quinuclidinyl
benzilate), and its ability to selectively stimulate
ml-subtype muscarinic receptors without significant
stimulation of other non-ml muscarinic receptors.

15 @Q/»o-a ED/WZ = ED/ __Q

A compound with the chemical structure of 1 above
20 may exist as any of four stereochemical isomers,
represented by la, 1b, ie¢, and 14 below.

OMe L\ESSR\w::::]/,OMe
1b

25

(S)~{2)-sterecisomer
30

H

OMe []E:r/?/"\$$R\I:::]/JMg
A

N

35

{R) - (E) —stereoisomer {S)-(B)~stereoisomer
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-3- . | soners la and | b are enantioners (i.e., mrror

|nages of each other), the sanme being true for |soners 1c and 1d.
Since the asymetric center of these nol ecul es is on a bridgehead
carbon, whi chWOsHeBT 5 epi neri ze under any nornmal condi R¢TWP606814
resolution of these enantioneric pairs (that is, separation of

la fromlb or separation of 1c from 1d) can be acconpl i shed by
synthetic or resolution techni ques described in United States Patent
Nunber 5, 346,911 and 10 I's permanent. This nmeans, for exanple, that |a
cannot I nterconvert to its enantiord | b and 1c cannot

i nterconvert to 1d. On_the other hand la and lc possess the sane

absol ute stereocheni st F§°BA*s fa and 1b age; gpaniiopers, bbrf ot SHFEAE are
georetric isoners irhgés of eachchtheticr the bime ddimg tamdoiomisomess doubl e

bond. The q_q._rrgnaei@t ' %'Eiﬁ@é p:l?é( 'a%&ﬁm@@i%@%n‘t@?”@f Schigeand 1d.
The jmuscarinic agonlst |cac 1 resid Erlnarlly in

i soner | a (Jaen | Fiede s %rgiea‘d °arb°f‘ab7"8§ chy 111 of the
ref erence in8icat @mnarim underu auysrormal( desdifiiongd Fesolutioneofaen

ref erence) thesp! exfntdlomat€é ﬁiﬁseQEﬁ&@ri§U%i§QQa§ﬂxﬁ@fl vity and
greater nl potency,t gggm ﬁgrgy Fﬁa’é%%ng%t EQ éo%) 1d) can 1°The smal | anount
of activity displ aye
ished by synthetic or resclution techniques
descnbed in United States Patent Number 5,346,911 and
10 is permanent. This means, for example, that la cannot
interconvert to its enantiomer 1b and le¢ cannot
interconvert to 1d. On the other hand, la and
1c possess the same absolute stereochemistry at the
bridgehead carbon atom but are geometric isomers of
15 each other at the oxime carbon-nitrogen double bond.
The same relationship exists between isomers 1b and 1d.
The muscarinic agonist efficacy of oxime 1 resides
primarily in isomer 1la (Jaen ibid and Table I below).
Tables II and III of the reference indicate that
20 isomer 1a (designated R-8 in the Jaen reference)
displays greater ml receptor subtype selectivity and
greater ml potency than isomer 1b {designated §-8).
The small amount of activity displayed by 1b could be
due to the presence of small amounts of la in the
25 samples of 1b. A comparison between ia and a mixture
of le/1d, shown in Table I below, indlcates that 1a is
more potent and more efficacious as a muscarinic
agonist (as determined by the greater ratio of
quinuclidinyl benzlilate (QNB)} to cis-methyldioxolane

30 (CMD)} binding for 1a). As a result of these and other
experiments, la was identified as an optimal compound
v {high efficacy muscarinic agonist with high selectivity
for m1 muscarinic receptor subtypes) for development as
. a treatment for cognitive malfunction associated with

35 cholinergic deficits, such as Alzheimer’s disease.



due to the presence of small amounts of la in the 25 sanples of Ib. A
.conpari son between la and a m xture of 1c/1d, shown in Table |
belod, indicates that la is nmore potent and nore efficacious as a
muscari ni c agoni st (as determ ned by the greater ratio of

qui nucl i di nylwbesissnt e (QNB) to ci s-net hyl di oxol ane 30 PARAFESOSIhdi ng
for 1la). As a result of these and other experinents, |a was
identified as an optimal conpound - (high efficacy nuscarinic agoni st
with high selectivity for mM nuscarinic receptor subtypes) for

devel opnent as a treatnment for cognitive nmal function associated with
35 cholinergic deficits, such as Al zhe#rer's di sease. WO
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- 4- TABLEFABLE\Es c Msnarindcchpecnrtwn Biinding

CMD Bi ndi ng Q\B BraiTg T i ™)

I err] (nM Compoal CMD Binding oNB Bindidg )

(1c + 1d)[err] 150 14880 M) a IRsc ofA¥ (E) - oxi ne was

used in these assays. 1a 25 5300

(e + 14)® 150 14800

5 2 Racemic (E)-oxime was used in these assays.

Same oxime carbon-nitrogen double bonds are

relatively stable, while others can undergo facile

10 rearrangement, typically in the presence of acid
catalysts. The specific substitution pattern around
the oxime moiety typically determines the chemical
stability of the oxime (propensity to hydrolyze into
its ketope and hydroxylamine components), its

15 stereochemical integrity (the tendency of each
geometric isomer to remain in the E ox Z
configuration)}, and the exact position of the
thermodynamic equilibrium between both stereochemical
forms (when chemical conditions are such that an

20 equilibrium can be reached). As shown in Table II
below, Compound la can undergo acid-catalyzed
isomerization to produce its geometric isomer 1¢. This
equilibration is time- and pH-dependent. We have
determined that the thermodynamic eguilibrium ratio of

25 la:lc in solution is approximately 85:15.

TABLE II. Z:E Peak-Area Ratios as & Function of pH
After 24 Hours Incubation of la at 37°C

pH Peak-Area Ratio {(la:ic)
30 0.1N HC1 85:15
pH 1.97 88:12
PH 4.03 99.3:0.7

>4.03 100:0




Sone oxi me carbon-nitrogen doubl e bonds are relatively stable, while
.ot her,s can undergo facile 10 rearrangenent, typically in the presence
of acid catal ysts. The specific substitution pattern around

the oxinme noiety typically determ nes the chem cal stability of the
oxi me (pr openwioH4e687 hydr ol yze into its ketone and MREHVESHEM ne
conponents), its 15 stereochem cal integrity (the tendency of each
geonetric isomer to remain in the E-or Z configuration), and the
exact position of the t her nodynam ¢ equi li bri um bet ween bot h

st ereochem cal forms (when chem cal conditions are such that an 20
equi libriumcan be reached). As shown in-%able |1 bel ow, Conpound
la can undergo acid-catal yzed , Jdsonerization to produce its geonetric
i somer 1c. This TReTR |36 BV BHPLes TepAeDSs ARY PRtdeersidiering \@ have

det €rmined t hat t hes:iBenimciwramitctiveps Itwor ioomears ias ah dScimal éatdey i n

solution is approxidBiely §meht as a pharmacedBldi ldrug?: 3k fEea Ratios
r

as g Function of pH,, \ R Al ter 24 u [ncubation of la at
37[err] C fatio of igmers is not alsgis Preced 1§ PRELH) 30
0. 1N HO 5 equal amountgsfrom batch to batch,pHntegpretation of
88: 12 theoghérﬂé’cology, toxicity, an@%Arlcdl efficacy of >4.03
100: 0 VW);@¥ OG%ZK

h'a ture would be much more difficult than when

PCT/ US96/ 06814
dealing with a single compound, and the cost of

developing a fixed mixture as a clinically useful drug

10 would also be significantly higher; and finally, the
physical properties of an 85:15 combination of isomers
are less optimal than those of pure la in terms of
crystallinity, physical, and chemical stability.

The development of la as a pharmaceutical drug

15 required the identification of a salt form or free base
of la with optimal physical and chemical properties.
The most critical properties included: Basy and
reproducible preparation, crystallinity, non-
hygroscopicity, agqueous solubility, stability to

20 visible and ultraviolet light, low rate of degradation
under accelerated stability conditions of temperature
and humidity, low rate of isomerization of la to its
isomer lc under these conditions, and safety for long-
term administration to humans.

25 The free base and certain pharmaceutically
acceptable salts are covered in United States Patent
Number 5,306,718 and continuation-in-part 5,346,911.
The salts listed are: hydrochloric, sulfuric,
phosphoric, acetic, benzoic, citric, malonic,

30 salicylic, malic, fumaric, oxalic, succinic, tartaric,
lactic, gluconic, ascorbic, maleic, aspartic,

* benzenesulfonic, methane and ethanesulfonic,
hydroxymethane- and hydroxyethanesulfonic. There is no
. teaching or suggestion that the maleate is a superior
35 salt form of the above structure. Clearly the



There are nultiple reasons for not considering an 85:15 m xture of
.these two isoners as an optinmal entity for devel opnent as a

phar maceuti cal drug: The 85:15 ratio of isomers is not always
produced in exactly 5 equal ampunts from batch to batch, interpretation
of t haygbgugemecol ogy, toxicity, and clinical efficacycrfusssnesi4 such
a mxture would be much nore difficult than when dealing with a

si ngl e compound, and the cost of . devel oping a fixed mxture as a
clinically useful drug 10 woul d al so be significantly higher; and
finally, the physi cal properties of an 85:15 conbi nati on of isoners
are less optinmal than those of pure la in-gerns of crystallinity,
physi cal, and chemi cal stability. The devel opnent of la as a
phar maceut i cal dr @¥ceblent properviep dfe thdamrldateashbl wereqnot | kndwn m or
free base @ hppwédiavent un®dl plawsi cal and chem cal properties.

The most critical propffld SRl abaSHoAN, incorpotfROHyCiDle
preparation, crystallinity, non: . yQr os op|C|f§, aqueous solubility,
stability to 20 Tefgrendse HRdhaye riScovered itdrt neb#tad€ Redegradati on
under accel esat ed salebi drd \equabhlly tu=eEnlQf as ejqayed byethe list efd hum dity,
low rate of isomeyregbiibdlackirified above, 1n pEREuiLr UAChabpCSE

condi ti ons, and S%E' term.adm ni stration t umans. 25

e or | ong-
The free base and éFgﬁFﬁab nﬁﬁ%ﬁﬁ??ﬁ&?lﬁxcefient BEERHF AP O FRS are
covered in Unitedreigicesadid galt (1:1) ofulderwisic®@0elzaglnnd
conti nuation-in- pAistingdisrrblehis salt.The salts listed are; hydrochloric,

sul furic, 44 phosphoric, acetic, benzoic, citric, malonic, 30
salicylic, malic, fumaric, oxalic, succinic, tartaric, - | acti c,

gl uconic, ascorbic, maleic, aspartic, benzenesul foni c, net hane and
et hanesul foni c, hydr oxy ne8tvMaBY @R dr#e ANUENEICNnesul fonic. There is
no :

Of the large number of salts of Compound la

15 prepared and examined, quite unexpectedly, only the
maleate [1:1] salt satisfied all of the inventors’
standards as a pharmaceutically acceptable and
desirable salt: ease of preparation without
iscmerization, consistent and reproducible

20 stoichiometry, crystallinity, aqueous solubility, light
stability, non-hygroscopicity, non-toxicity, and
general physical and chemical stability. The present
invention is, therefore, directed to the {1:1] salt of
Compound la with maleic acid, its preparation in such a

25 way that large particle size crystals of the salt are
obtained, and the method of use of this salt to treat
cognitive deficits and pain. The chemical name of this
salt is (R)-(Z)-1l-azabicyclo[2.2.1]heptan-3-one,0- [3-
(3-methoxyphenyl) -2 -propynyl]loxime, (Z)-butenedioic

30 acid, {1:1 salt]. The majority of crystal particles
are greater than 10 x 10 um in size; at least half of
the particles are larger than 10 x 10 pm.

35 BRIEF DESCRIPTION OF THE DRAWINGS



teéching or suggestion that the naleate is a superior 35 salt form of

.the above structure. Cearly the WD 96/ 40687

PCT/ US96/ 06814 excel l ent properties of the maleate salt were
not known or appreciated until now. These two patents are
her eby i ncor pwiossaosshy reference. W have di scover edPEHE6MAEH4 | | of
the 5 salts are equally useful, as judged by the |ist of

properties described above. In particular, we have di scovered the
unexpect ed excel |l ent properties of the maleic acid salt (1:1) of 1la,
which clearly di stinguishes this salt. 10

SUMWWARY OF THE | NVENTI ON O -tfhe | arge nunber of salts of
Compound | a 15 prepared and_exam ned, quite unexpectedly, only the

mal eate [1:1] salt sat FL8P%R| ashows thp SeppEatinn of la and ks ds as a
pharmaceuti cal | y samtent abl e and desirable salt: ease of preparation
W t hout

Figure 2 shows an electrcn micrograph of 1a
maleate crystals recrystallized from ethyl acetate.

5 Figure 3 shows an electron micrograph of la
maleate crystals obtained by precipitation from diethyl
ether.

Figure 4 shows a comparison of oxalate and maleate
salts of la in biological activity.

»

10

DETAILED DESCRIPTION

The salt selection process for the muscarinic
15 agonist of the instant invention revolved around issues
key to pharmaceutical compounds.

The most critical properties included: Easy and
reproducible preparation, crystallinlity, non-
hygroscopicity, agueous solubility, stability to

20 vigible and ultraviolet light, low rate of degradation
under accelerated stability conditions of temperature
and humidity, low rate of isomerization of la to its
isomer le under these conditions, and safety for long-
term administration to humans.

25 Many counter-ions were evaluated for salt-forming
properties. See Table IIY below. The data presented
in Table III answer the following questions: (1) did a
solid salt precipitate from ether when free base la was
treated with each acid?; (2} following collection of

30 the salt by either filtration or evaporation of the
ether, what solvents were used to crystallize the salt,
¢ and was a crystalline salt obtained from each solvént?;
(3) melting point information; and (4} overall rating
. of each salt, based on considerations of ease of

35 formation and crystallinity.
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5 Figure 3 shows an el ectron m crograph of 1la mal eat e
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not 10 critical factor in salt selecti qlr; Precaution, can be
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taken in manufacturing to deal with a wide variety of variables if
.necessary. On the other hand, other t hi ngs being equal, a
non-hygroscopic formis highly desirable. 15 For Conmpound la,
the fact that the hydrochl oride salt is extrenely hygroscopic is of
maj or concer nwo 96/40687 because the uptake of noi sture | owers REVAISIC06814

m croenvironnental pH of the solid |leading to the formati on of l1c,
even in the solid state. Prior 20 . studies have shown that the
conversion of la to 1c occurs under |ow pH conditions. In addition,

t he hydrochloride formis difficult to recrystallize wi t hout
converting la to 1lc. For phar+meeuticals, higher nelting points
are 25 nore desirable than | ow, as higher nelting point conmpounds
tend to be nore stabl OFf FHEhMPFG ham 2§ aaits examingde@dyl £SUT during
pharmaceuti cal prsakssipipviBehrédsonably crysladatiaeafskrisie hudrochl oride

salts provided thgs8-d1®ride héj%ﬁéaﬁ.ﬁéée &@%@ﬁbﬁf.}éﬁ The
oxal ate salt, even ou&hriesé ygr oscopi ¢ an t ydrochlorlde
cannot be prepareBe consi st ent st0|ch|onetry, thus limting
its potenti a% fIﬁbldae\I&'I bplmntshokd dtiie gmdisityyre suppakiel ofinthxscer ns

exi st about the teoxi ghése FoukOBsLELr MTadMie andt 86k Afp Jater m@é‘@' ic acid

(oyb ents (T Vipkaldls 0Ll Sleblh expr MGt end
PCT/ US96/ 06814 east.
Generally, hygroscopicity is an important but not

10 - critical factor in salt selection. Precaution can be
taken in manufacturing to deal with a wide variety of
variables if necessary. On the other hand, other
things being equal, a non-hygroscopic form is highly
desirable. _

15 For Compound la, the fact that the hydrochloride
salt is extremely hygroscopic is of major concern
because the uptake of moisture lowers the
microenvironmental pH of the solid leading to the
formation of le, even in the solid state. Prior

20 studies have shown that the conversion of ia to lc
occurs under low pH conditions. In addition, the
hydrochloride form is Qifficult to reegrystallize
without converting 1a to lec.

For pharmaceuticals, higher melting points are

25 more desirable than low, as higher msiting point
compounds tend to be more stable, both physically and
chemically, during pharmaceutical progessing. Both the
maleate and the hydrochloride salts provided these more
desirable characteristics.

30 The oxalate salt, even though legs hygroscopic
than the hydrochloride, cannot be prepared with a
consistent stoichiometry, thus limiting its potential
for development. Additionally, significant concerns
exist about the toxicity of long-term administration of

35 oxalic acid to patients (The Merk Index, 10th Edition,
Merck & Co., Inc., Rahway, New Jersey 1983:6784; and



- 13- Gosselin RE, et al., Ed. Oinical Toxicol ogy of

.Commercial Products. Wllianms & WIkins, Baltinore, 4t h Editi on,
1976; Section I11:260-263). 5 TABLE IV. Hygroscopicity of Salts
of Conpound 1la Benzoat e Oxal at e
Mal eat e wo se/desh ochl ori de Hygroscopi city (%ercrjussetepier |
Not Determned 6.38 [err] 1.40 0.32 [err] 0.02 27.77 [err] 0.40
Melting Point ([err]C 89 (DSC) 110 119( DSCO)
158 [err] Hygroscopicity at RT; 81%H for 16 days using crinped
DSC pans 10 Ef fect of Tenperature Relative Hum dity and Light on
Crystalline Salts of 1la Tabl e .43l ow summari zes results of
stability studies 15 . on the |east-hygroscopic crystalline salts of 1a.
The mal eat @%ﬁelmr&matee sl Edwer t
detail. No tenper gonfhesil Grbdu Sl WILN hhe Wilklnspcﬁiﬂ'ﬂﬁgré"' th the

accel erated condi t, rr[CL60 weeks; the mal eate and
benzoate were bot 20 oEd Branr &4t %ﬁ&?rﬂi%ﬁsghd 30[err]C/60%?H

TABLE V. Stability of Crystalline Salts of |a Under

Accel erated §tabi | I 1 ¥abfiadid.) OBggroscopicity of Salts of Compound la Mal eat e
Benzoat e Oxal ate 3T Bdeits O 7R ozate VEC Ridaloate U H 0

Not Det er m ned wIzinie FDeciormines mtm Lo 2
E Fl uor escenﬁ@mg 'ﬁi dYbnt hs @m Not us)et er o @26 t,,pet erm ned

10

Table V below sunmarizes results of stability studies
15 on the least-hygroscopic crystalline salts of l1a. The
maleate and benzoate salts were studied in the most
detail. No temperature/humidity discrimination
occurred with the accelerated condition, 30°C/60%RH
after 2 weeks; the maleate and benzoate were both
20 stable at 25°C/60%RH and 30°C/60%RH.

TABLE V. Stability of Crystalline Salts of la Under
Accelerated Stability Conditions

Maleate Benzoate Oxalate
25 30°C/60%RH: 2 Weeks O o] Not Determined.
Xenon: 25 Hours o) E E
Fluorescence: 5.5 Months O] Not Determined Not Determined

30
Where: Expresence of 2%-4% lec¢. Maleate and benzoate

salts were recrystallized from ethyl acetate
and t-butyl methyl ether, respactively. Xenon
exposure with the Atlas SunChex set for

35 0.4 &+ 0.1 watts/m?2. Fluorescent exposure with
1000- + 100- ft candles.
O = No E was detected.



30 Where: E=presence of 2-4% l1c. Mal eate and benzoate

.salts were recrystallized fromethyl acetate and t-butyl
met hyl ether, respectively. Xenon exposure with the Atl as
SunChex set for 35 0.4 [err] 0.1 watts/nmferr]. Fluorescent
exposure W t hwo 96/40687 1000- [err] 100- ft candl es. PCT/US96/06814
O = No E was det ect ed. WO 96/ 40687
PCT/ US96/ 06814 -14- Agueous
Solubility of Crystalline Salts of 1a Conpounds such as the
muscarini ¢ agoni st la, which are intended for |ong-term oral
adm ni stration usually di spl ay bettegrasystem c bioavailability

following oral 5 are readily soluble in
wat er . Thus AURKE k& ation in

Identifying a vi abI esabﬁp&indhasum i' nﬁs&’chhgomgt lalavhBdgate is
about 15 times nor ﬁsgbﬁgnfed '}]p %Q@?\ <::'a2!3 a&ﬁnggg;gﬂ& u%gahle%

TABLE VI . Aqueous
Salts display hett.er system:x. igagyailability followipg,erRk

Water Sol ubi Bity administratiibn when they are readily soluble in water.
Thus, water solubility is another key consideration in
identifying a viable salt of la. As shown in Table VI,
la maleate is about 15 times more spluble in water than
la benzoate.

adm ni st rat [ on vvhen the

10
TABLE VI. Aqueous Solubility of la Maleate and
Benzoate Salts
Maleate Benzoate
Water Solubility 89 6
15 {mg/mL, room temp.)

As evidenced by all the preceding data, the

20 maleate salt of la is the only crystalline salt that
meets all the criteria set forth for the optimal
pharmaceutical development of la. While maleate salts
are commen in the field of pharmaceuticals, the finding
that only the maleate salt of la, out of more than

25 ‘25 salts evaluated, is the only salt with the desired
physical and chemical properties to allow the
pharmaceutical development of la is indeed an
unexpected discovery.

30
DETATILED DESCRIPTION OF THE DRAWINGS

FIGURE 1. JIgomer Selective Assay
For analytical purposes, the separation of the
35 Compound la from lc was carried out with a
4.6- x 250-mm Zorbax SBCN 5-um column (PN 880975.905)

Hiiin



15 (mg/ mL, roomtenp.) As evidenced by all the

_preceding data, the 20 mal eate salt of la is the only crystalline salt

t hat neets all the criteria set forth for the optimal

pharmaceuti cal devel opnent of la. Wile nmaleate salts are common in
the field of wessameseuti cals, the finding t hat only PCRUSHNEA4 e sal t
of la, out of nore than 25 25 salts evaluated, is the only salt with

t he desired physi cal and chem cal properties to allow the

phar maceuti cal devel opnent of la is indeed an unexpect ed di scovery.

30 DETAI LED DESCRI PTI ON OF THE DRAW NGS FI GURE 1

| soner Sel ective Assay For anaR§ti cal pur poses, the separation

of the 35 Conmpound fr 1c was rried out_with a
250- mm Zor bax SBCN% ‘F’eﬁ]’ﬁ?g Kﬁ%éo@%egﬁsi"ent ms"’r"‘?ﬂéi”s::es/ 40687
PCT/-US96/ 06814 Conditions for separatzon were:

Mobile Phase: A = 80%:50 mM TEA adjusted to pH 3 with
. H,yPO, .
5 B = 10%:CH,CN.
C = 10%:MeOH.
Mobile Flow Rate: 1.5 mL/min
Temperature: RT
Injection Volume: 100 uL
10 Draw Speed: 83.3 pL/min
Figure 1 ghows a typical separation of a sample of
la maleate containing some of lc¢ maleate. The first
peak at 3.3 minutes is due to the counter-ion maleate
while the peaks at 11.3 and 13.0 are due to la and 1lc,
15 respectively. These identifications were confirmed by
NMR. The chromatogram shows a near equilibrium ratio
of la to l¢ of 85.5:14.5.

FIGURES 2 and 3, Effect of Particle Size

20 Figures 2 and 3 show the order of magnitude
difference in the particle size of an ethyl acetate
recrystallized maleate salt of the compound (Figure 2}
versus the ether-precipitated product (Figure 3). For
Figure 2, the range of particle sizes varied from

25 150 x 10 pgm to less than 10 x 10 um; for the ether-
precipitated product in Figure 3, all particles were
less than 10 x 10 um. This product was formed when the
free base form of the compound in diethyl ether was
mixed with maleic acid in diethyl ether. This type of

30 in situ salt formation produced very fine particles due
to rapid precipitation.

The ether-precipitated product (Figure 3) was

deliquescent and reverted to its equilibrium ratio of
Z- to E-oxime (85%Z-15%E) after 2 weeks at the

35 accelerated ‘stability condition, 40°C/75%RH. The ethyl
acetate recrystallized product (Figure 2) reported in



- 15- on an HP-1090 systemw th three solvent reservoirs.

.Conditions for separation were: Mobi | e Phase: A = 80% 50 nM TEA
adjusted to pH 3 with Herr]PJerr]. 5

B = 10% CH err] CN. C = 10% MeCH. Mobi | e Fl ow
Rate: 1.5 nl/wobmeues87 Tenperature: RT I nj ection Vol WRGF/AUSBHOSSEErr] L
10 Draw Speed: 83.3 [err]L/mn Figure 1 shows a typical
separation of a sanple of | a- mal eat e containing sone of 1c nual eate.
The first peak at 3.3 mnutes is due to the counter-ion nual eate
while the peaks at 11.3 and 13.0 are due to la and 1c, 15 respectively.
These identifications were confi rrred by -16- NWVR The chromat ogram shows
a near equilibriumratio ato lc gf 85.5: 14, 5. FI GURES
2 and 3. Effect orabdg tfcyas SP?@ %Eflble' Arfireaged srabIditHoGFt he

order of magni tudet:he ethyl ohddmtencsysnalﬂﬂ.zeﬂamm wassmast dfikelyethe |

acetate the! kb v@i%eﬁﬁﬁlsaé&a?fsﬁ PEREHGE (cedUr € 2)
versus the ether-pjsafem i tat ure 2, the

duc u
range of particle G?a? éEFg”tq igﬁ iﬁ‘”ﬁeﬂ]?ﬁ‘%"F E9 han 10
x 10 [err] m 5f or tthe smhdler precipipatssd parsictesr@dgurei 3 Figure 3, all
particles were |l ess than 10 x 10 [err]m This product was forned
when t he free AAS 1 ' peupd in di et hyl et her was
m xed with mal ei c Ger a1 e of 30 in situ salt

ty
formation produced ver?iﬂ’*ﬁ% 5ok r'm%scmmon S tder GpPHRYR @i t at i on.
The et her-preci pi testleater sallcd ofFilguin thHeiwasbility toddmprmes ket and

reverted tojgts eOpdddchHE2 'GH hQpBbcampally deficient mice in a mouse
water maze test (see Jaen, et al., Life Sci ref. and
refs. therein for more details on this test).

This test measures the ability of a compound to
decrease the amount of time needed by the mice to f£ind

15 a hidden platform in the water pool.

The graph represents two sets of experiments, each
one with its own control group. The data demonstrate
that the oxalate salt of Compound la, which had been
previously used to evaluate the effectsg of la in the

20 mouse water maze test, can reduce the time required to
find the platform by about 18 seconds (at 1 mg/kg). As
a positive control, the acetylcholinesterase inhibitor
tacrine (THA) produced about a 27-second improvement.
In a separate set of experiments, the maleate salt of

25 la, at 1 mg/kg, produced about 20 seconds latency
improvement, while the tacrine control group
experienced a 24-second improvement. These data
demonstrate that no loss of biological activity is
experienced with the maleate salt of la, as compared to

30 other salts that have been evaluated.

To assess the potential for the maleate salt of
the compound to form polymorphs, crystallization was
studied in five different solvent systems:
isopropanol fethanol /pentane, ethanol/pentane, ethanol,

35 chloroform/pentane, and dichloromethane/pentane. The
volume of solvent used, percent yield, mp before




Z- to E-oxinme (85%-15%) after 2 weeks at the 35 accelerated stability

.condition, 40C/ 75%H. The et hyl acetate recrystallized product
(Figure 2) reported in WO 96/ 40687

PCT/ US96/ 06814 -16- Table Il was
nmore stabl e. Wossubeser eased stability of the ethyl acRCHUIIE/D6814
crystallized formwas nost |ikely due to the relatively snmall total
surface area of the | arger recrystallized particles (Figure 2)
conpared to 5 the smaller precipitated particles (Figure 3).

FI GURE 4. Biological Activity Flgure 4 shows a conparison of the
oxal ate and mal eate salts of la in their ability to inprove the 10
ferzoz rrancg of hi Waiiyzai%hm@m niﬂdﬁ&téﬂ e S%%izatzdﬂ?&?é nmaze

es see Jaen, C an n,for nore
details on this t %en in 'I'&l *’LThT%rt@SP ﬂﬁa'éttﬁ eegcpfeﬁ%g%rgqq f'f’y of a
conpound to Tarder ¥isel tha@ afooaieatie spit ok csdaepgfithe nice to find

15 a h} dden pledeipiafidi Wad Asw61eéa AMer ambient conditforgy aﬂhoreprﬁents
g\gfasgte?rogst?gltog“mﬁrfh%%e oxa O%ﬁ')gg%? h{‘l \Arr%gig CQY Igp hade
been This was followed by slow, incremental addit on of
pentane until small particulates could be observed.
The mixture was then sealed and stored in the
refrigerator overnight, followed by cold filtratiom,
10 pentane rinse, and subjection to high-vacuum. All
products are pure by both elemental and HPLC analyses.
Powder x-ray diffraction studies on these lots were
carried ocut and based on the data, the maleate salt of
the compound crystallized in a variety of solvents
15 showed the same diffraction pattern and the same
crystal form. In general, solvents that allow the slow
crystallization of the maleate salt lead to larger
particle size material, which is more stable under
accelerated stability conditions.
20 The maleate salt was, as discussed above,
identified as significantly superior to all other salt
forms considered.

TABLE VI. Room Temperature Recrystallizations

25 Solvent System Voluma . Yield MP Before MP After
{mL/g)
Isopropanol-Ethanol-Pentane 202 77.2 116-119 116.5-118
Bthanol-Pentane 125 85.8 116-118 118.5-121
Ethanol 50 50.1 116-118 114-118
Chloxoform-Pentane 32.5 83.1 116-118 118-118%8.5
30 pichloromethane-~Pentane 13 4.5 116-118 118-120

The preparation of la maleate can be achieved in a
. variety of ways. For example, the pure la isomer can
35 be obtained by column chromatography of the
approximately 1:1 mixture of la and ic that is obtained



previously used to evaluate the effects of la in the 20 nouse wat er naze
.test, can reduce the tine required to find the platform by about 18
seconds (at 1 ng/kg). As a positive control, the
acetyl chol i nesterase inhibitor tacrine (THA) produced about a
27-second i npwo\weaEset . In a separate set of experi nePECEUSHABI4u] eat e
salt of 25 la, at 1 ng/kg, produced about 20 seconds | atency

i mprovenent, while the tacrine control group experienced a 24-second
i mprovenent. These data denonstrate that no | oss of biol ogical
activity is experienced with the naleate salt of la, as conpared to
30 ot her salts that have been eval uat egg- To assess the
potential for the naleate salt of t he conpound to form pol ynor phs,
crystal lizati on wesyntheticakkyudiU8d5i 306, %8,dVS | Br34&, 943, vand Tegdeens:

i sopropanol / et hanqdy pant agge, 6 i) C 1ol b @99535) :631-6386).
1 or (il.
e O

chl or of or m pent an aqg|§lﬁg ”EFU%Q%QESQ&ETY -t 20 qhung of

sol vent used, percen WD 96
pCT/U396/06814 oily solid. is free base can be stquﬂ_refrigerated

recrystallizationatanrdetpiat gy toeseystall [dayat whthaute noticealieren in Tabl e

VI. For each of tr@e%ggig%}; Sd @.somern.(? %etyl eJ38f mal eate salt of
oxi ne of the nga wq; gISSO %Ht ondi tions into
tzon c eate sa t t ca nvolves the

dxssolution of la in an organic solvant and the
addition of a solution of approximately one molar

10 equivalent of maleic acid in the same solvent. Useful
organic solvents for this purpose are, for.example,
ether solvents, such as diethyl ether, THF, and the
like, ethyl acetate, isopropyl acetate and the like,
alcohol solvents such as methanol, ethanol,

15 isopropanol, and the like, hydrocarbon solvents such as
hexane, benzene, toluene, and the like, and any other
organic solvents that do not react with la. Preferred
solvents include diethyl ether, ethyl acetate, and
ethancl. Depending on the choice of solvent, the salt

20 will precipitate immediately from the organic solvent
{(such as from diethyl ether)}, or may be recovered by
subsequent addition of a second solwvent (such as
addition of diethyl ether or hexane to a solution of
salt in ethanol) or by evaporation of the solvent under

25 reduced pressure. The salts obtainef by these
procedures typically possess small particle size
crystals. Since small particle size Jeads to increased
hygroscopicity, the initial l1a maleatg obtained can be
racrystallized from an organic solvent or solvent

30 mixtures, taking care of utilizing solvents that do not
require heating to induce solubilization of the salt.
Examples of useful solvents for this purpose include
ethyl acetate, isopropanol, and diethyl ether, although
other non-reactive solvents can be utilized, including

35 water and mixtures of water with water-miscible organic
solvents. Recrystallization temperatyres are typically



5 the nore polar of the solvents in the solvent system Thi s was
.followed by slow, increnmental addition of pentane until smal
partlculates coul d be observed. The m xture was then seal ed and
Stored in the refrigerator overnight, followed by cold filtration
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fEhose xdegdribet habgpue Eolrapuseiay, aad Wiuich cabhebebt ai ned by
RHe¥rPbrdG zed from BHYaBEL"EE Qguednd SorJents 8F 12 and lc
mixtures of solvents to yield pure 1s maleate.

Solvents of choice for the recrystallization of la/lc
maleate mixtures include, for example, isopropanol,
ethanol, chloroform, dichloromethane, pentane, hexane,
ethyl acetate, and the like. '

The physical properties of la maleate-influence
its chemical stability. Deliquescenpe appears to be a
major initiating event. However, particle size of the
salt strongly influences deliquescence, due to the
larger surface area for exposure to moisture in smaller
particles. In addition, contaminatien of the higher
melting point la maleate with the lower-melting lc
maleate facilitates deliquescence. Thus, increased
stability of solid la maleate can be achieved by
minimizing the presence of isomeric 3¢ as an impurity
and by recrystallizing la maleate in:'such a way that
ensures the production of large part@cle size crystals.

EXAMPLE 1

Free base [R-(Z)]-l-azabicyclo[2.2.1]lheptan-3-one,
0- [3- (3-methoxyphenyl) -2-propynyl]l oxime (1a) (6.8 g,
0.025 mol) was dissolved in ether. Some insoluble
white go0lid was separated by filtration and discarded.



VO 96/ 40687 PCT/ US96/ 06814

.-18- synthetically (US 5, 306, 718, US 5, 346,911, and Tecl e, et
al., Bio. Og. Med. Chem Letters 1995 (5) :631-636). The free base
of la is typically obtained as an oil or oily solid. This free base
can be stor edwoeéusgrer ated 5 at -4[err]C for up to seveRCIIUSAEIsBI4N t hout
noti ceabl e deconposition or isonerization to produce 1c.

Preparation of the nmaleate salt typically involves the di ssol ution
of la in an organic solvent and the addition of a solution of
approxi mately one nolar 10 equi valent of maleic acid in the sane

sol vent. Usef ul organi ¢ sol vents 8P-t hi s pur pose are, for.exanple,

et her sol vents, S#%bﬁ?a@kﬁt d'!“’t‘ﬁ"teglgirR‘e&f’m%dwé?%%s&oj‘ggﬁué%ne’ et hyl

acetate, isopropy cetate a ts such as

met hanol , et hanol ther. TheEaleis AGRd SERpticn WaR2ddefiAZeRYHM sol vent s
such as heiatre thecerher sdluitiencof dixiet baséiwelleasdianingt her

s . |
el ude Z?eYﬁSTSeﬁ?“mﬁﬂ‘?t B0 Hostiiting redififit ing sepstid B on tne

yl _acetate,
choi ce of sdl vent ‘éf)feé 1%"??“‘5raetci4ﬂff’a§%‘i1rﬁ%‘ﬂ’f‘£?e‘l“§/ m t he
organi c solvent 8.93 g ((8@¥hyield)r of daandidatet, hwp)iles-4a8.0Cr ecovered by
subsequent additi gy of108 79€¢80¢l, cu¥,vaBbEY such as addi tion of diethyl

ether or hexane tg, g, SQLULLER. Ofays 272 aaAll, b & IAHIO1DasO" 28y, GggPOrati on

IR (KBr): 2926, 2237, 1697, 1618, 1606, 1576, 1487,
10 1360, 1294, 1208, 1173, 1055, 1030, 916, 870, 779 cm™%;
'y NMR (DMSO-dg}: & 7.31 (1H, t, J = 7.7 Hz), 7.00 (m,
3H), 6.04 (s, 2H), 4.92 (s, 2H), 4.09 {(dd, 2H,
J = 2.4 Hz, J = 16.4 Mz), 3.76 (s, 3H), 3.52 (4, 1R,
J = 0.001), 3.36 (m, 6H), 2.24 (m, 1H), 1.75 (m, 1H);
1 3¢ NMR (DMSO-dg): 6 26.0, 51.6, 55.%, 55.8, 59.5,
62.4, 85.9, 86.3, 115.9, 116.8, 123.2, 124.4, 130.4,
136.0, 158.5, 159.6, 167.6;
Elemental analysis (C;gH,gN;0,°C,H.0;4)
C, 62.17; H, 5.74; N, 7.25;
20 Pound: C, 61.97; H, 5.77; N, 7.15.
HPLC Analysis: 100% la, RT = 6.18 min (Column = Altech
altima CN 4.5 x 150 cm, 5 u; Mobile phase = 15%
MeOH:AcCN (1:1) and 85% 50 mmol of EtgN in H,0;
1.5 mL/min) .
25

/SLalliZar 30 ol 18 TTOom ethvil acoiate-

The maleate salt of la (0.6297 g, 1.6 mmol) was
dissolved in 13 mL boiling ethyl acetate. Upon cooling

30 to room temperature, white crystals sa?ara.tgd out.
This was left in the refrigerator for 34 hours. The
resulting white crystals were separated by filtration,
dried under high vacuum at 50°C yielding 0.528 g (84%
recovery) of the recrystallized material, mp 118-119°C;



25 reduced pressure. The salts obtained by these procedur es
.typically pessess small particle size crystals. Since small particle
size leads to increased hygroscopicity, the initial l1la nal eate
obt ai ned can be recrystallized froman organic solvent or solvent 30
m xtures, takwopsassse of utilizing solvents that do not PCT/US96'06814 e
heating to i nduce solubilization of the salt. Exanpl es of usefu
solvents for this purpose include - et hyl acetate, isopropanol, and

di et hyl ether, although ot her non-reactive solvents can be utilized,
I ncl udi ng 35 water and m xtures of water with water-m scible organic
solvents. Recrystallization tenperatures a3 typically WO 96/ 40687
PCT/ US96/ 06814 -19- kept at or
bel ow room t enper atute, 22 oPHitfinP 2% (e (Column = Zaxbpk; € 455 ¥xi ne

i sorferi zation. | r25¥oem, chgbs Mobile phagsh=a35WNaOH 2icAY (bril)pepdi 85%o0l vent s
such as et hyl 50 g@glaég,gttaﬁg i S etFindh) t zation tenperature can be 5

hi gher than roomt egaLyr Alternatively, mxtures of various
ratios of la ﬁ’gﬁdgl‘% ffé’eo'ggéésm%oéﬂ'be converted to the correspondi ng

m xtures of Ral eatMS #dFt 372 b('Bt odddur 84551 84 BR3t o t hose descri bed
above for pure la,Imn&Bwhicleszsp 2310 1697,r £618,Sti#oki, zeshd,r wagg; gani c or

aqueous sol vents Of3gg, 1204, 1208, 1173, 1055, 1030, 916, 870, 779 cm'l;
H NMR (DMSO-dg): & 7.31 (t, 1H, J = 7.7 Hz), 7.00 (m,
3H), 6.04 (s, 2H), 4.92 (s, 2H), 4.09 (4d, 2H,
10 J=2.4 Hz, J = 16.4 Mz), 3.76 (s, 3H), 3.52 (d, 1R,
J = 0.01), 3.36 (m, 5H), 2.24 (m, 1H}, 1.75 (m, 1H);
3¢ mnMrR (DMSO-4g): 26.0, 51.6, 55.7, 55.8, 59.5,
62.4, 85.9, 86.3, 115.9, 116.8, 123.2, 124.3, 130.4,
136.1, 158.6, 159.5, 167.6.
15 Elemental analysis (C;.H;aN,0,-C.H0,):
C, 62.17; H, 5.74; N, 7.25;
Found: C, 61.98; H, 5.69; N, 7.14.

20 emperatuyre recrystallization ¢ la maleate
The maleate salt of la (15.02 g) was dissolved in
800 mL of absolute ethancl with stirring under ambient
conditions. Pentane (500 mL) was added in 100 mL
increments until visual detection of crystallization.
25 Precipitation of a white crystalline golid ensued
rapidly. The mixture was diluted with an additional
600 mL of absolute ethanol with vigompus stirring until
homogenous. Pentane (1.25 L) was adﬁéd incrementally
until visual detection of a few small crystals. The
a0 crystallization flask was sealed and stored in the
freezer overnight.
R The white crystals were collected by vacuum
filtration and dried in a high-vacuum oven
. {(ca. 10 mm Hg; 40°C) for 2 hours to afford 11.96 g (80%
35 recovery) of la as a colorless crystalline solid;
mp 118-119°C (dec).




m xtures of solvents to yield pure la nal eate. Sol vents of choice for

.the recrystallization of la/lc mal eate m xtures include, for exanple,
i sopr opanol , et hanol , chl orof orm di chl or onet hane, pentane, hexane,
15 ethyl acetate, and the i ke. The physical properties of
la nal eat e i mMvbwenss? its chemcal stability. DeliquRE&ENo8hpear s
to be a maj or initiating event. However, particle size of the

salt strongly influences deliquescence, due to the 20 | ar ger surface
area for exposure to noisture in snaller particles. In addition,
contam nation of the higher melting point la maleate wth the

| oner-nelting 1c naleate facilitate®2deliquescence. Thus i ncreased

stability of soli ma ea canb chi_ev |ngthe
presence of isorreg'f%'%l L J‘i“rrpu(?erqa le E(\g P‘!Wﬂi L PLES ‘g‘]F AP zi ng la
nal eate in such a Gag. 5hat150 cm, Swsm@-lehph@n)dudﬁﬁ'oue@{ AciNge particle
si ze crystals. (1:1) and 85% 50 mmol of Et,N in 6 Imty&in); Preparation

of [1:1] rraleate f cI 2 11.h n- 3- one,
0-[ 3- ( 3- net hoxyp heny#’}di (“%%)z ﬂ’»r'?“?)aq?yl] 7r#é‘ T, ’% - LF‘r;gﬁé%Uase
[R-(2)]-1-az&bi cyc7~(9[4272°9_] prtzgrhsb’ s, 1), 6.06 (s, 20, 4.93 (s,

0- [ 3- ( 3- net hoxyphezsjl,) 4219+ 0080 i, oxnh;e:(ra) (66.3H)g, 3352 (d, Q)25 &pl ) was

di ssol ved in ether, §g|ge 3n4s_p_l3ugbe(m 4186/ %%g%sﬁ ich, "eRy SeP¥pay sl by

filtration and di s?ar

PCT/ US96/ 06814
MS (CI) M}I = 271;

10 IR (KBr): 2926 (w), 2237 (w), 1697 {w), 1575 (s), 1360
{s), 1293 (m), 1207 (s), 1172 (m), 1054 (m}, 1029 (m),
960 (w), 915 (m}, 871 (m), 780 {(m), 755 (w), 685 (w),
647 (w), 584 (w) cm'l;
13c.NMR (100 MHz; DMSO-dg): & 167.67, 159.60, 158.62,
15 136.19, 130.41, 124.37, 123.18, 114.82, 115.87, 86.33,
85.92, 62.40, 59.48, 55.79, 55.69, 51.58, 26.02 ppm.
Elemental analysis (C,g¢H,gN;0,°CH0,.) s
C, 62.17; H, 5.74; N, 7.25;
Found: C, 62.27; H, 5.86; N, 7.23.
20



- 20- Mal eic acid (2.942 g, 0.025 nol) was dissolved in

.ether. The naleic acid solution was added dropw se into the ether
solution of free base while stirring vi gorously. The resulting
precipitate was separated by 5 filtration, dried in vacuo at 40C for 16
hours to gi vewo964066878. 93 g (92% yi el d) of 1la naleate, np PCT/USN6814
116.5-118.0[err] G [err] -10.7[err] (c=0.646, M(H); Mass
Spectrum mz 272 (M+l), 271, 174, 145, 109, 99; IR (KBr): 2926,
2237, 1697, 1618, 1606, 1576, 1487, 10 1360, 1294, 1208, 1173, 1055,
1030, 916, 870, 779 cnferr]; [err]H NVR (DMSO-d[err]): [err] 7.31
(1H, t, J =7.7 Hz), 7.00 (m 6284 (s, 2H), 4.92 (s, 2H), 4.09
(dd, 2H, J=2.4H, J=16.4 l\/t) Fg’%ﬁ?( 3H) 3.52 (d, 1H, J
= 0.001), 3.36 (m 6H), 224(m 1H), [err] C NWR
(DMSO-d[err]): [err] 26.0, 51.6, 557 55. 8, 59 62.4, 85.9,

86.3, 115.9, 116.83. 12353 (224 ‘zab3Cydio[2.2.1) hdsarl ,3-1558 & 31-3%.-6, 167. 6;

El enental analysis ((JerrlHe r err r err

C, 62.17; H, 5.74; N, ?‘9'513 L‘Q“l"]}ﬁ h" &%ﬁ%#ﬁﬁl‘ N 7.15.
HPLC Anal ysi s: 100% 1a>hamaee19'-1$@1rraaele@ol um = Altech altim CN
4.5 x 150 cm 5 [err]; Mbile phase = 15% MeOH: AcCN (1:1) and 85% 50

mol of Et[err]Nig

EXAVPLE 2 Raer y‘si{ ‘%’%’ acc#"?n A ei“ﬁ 7 uherein the

The mal eate salt of |a™ed °G§9¥ %f Crygt 3‘%35 are grgases|thal.in 13 nl
boiling ethyl acetate. Ifenicqehiimgs3te. to roomtenperature, white

crystal s separated out. This was |eft in the refrigerator for 14
hours. The

dried under hi gh végﬁﬂlﬁt !i’%g B t"’ret]%%St i %B%E %%@rby filtration,

allev:ating pain in a mamal comprising an
analgesically effective amount of a compound
according to Claim 1 together with a

5 | pharmaceutically acceptable carrier.

4. A pharmaceutical composition useful for treating
the symptoms of cognitive impairment comprising a
therapeutically effective amount of a compound
according to Claim 1 together with a
s pharmaceutically acceptable carrier.

5. A method of alleviating pain in a mammal which
compriges administering to said mammal a compound
according to Claim 1.

6. A method of treating the symptoms of cognitive
impairment in a mammal which comprises
administering to said mammal a compound according
to Claim 1.

-

T



recovery) of the recrystallized material, np 118-119C, WO 96/ 40687

PCT/ US96/ 06814 -21- HPLC,
99.8% la, 0.2% 1c (Colum = Zorbax CN 4.5 X 250 cm 5 [err]; Mobile
phase = 15% MeOH: AcCN (1:1) and 85% 50 nmmol of Et[err]N 1.5

m./ mn); WO 86/40587- 0. 5[ err] (c=0.503, MeOH); 5 M5 M pogridoddshar 'l ) .
174, 145, 99, 82; IR (KBr): 2926, 2237, 1697, 1618, 1606, 1576,
1487, 1360, 1294, 1208, 1173, -1055, 1030, 916, 870, 779 cnferr];
[err]H NVR (DMSO-d[err]): [err] 7.31 (t, 1H/4) = 7.7 Hz), 7.00 (m

3H), 6.04 (s, 2H), 4.92 (s, 2H), 4.09 (dd, 2H, 10 J=2.4H, J=16.4
Mz), 3.76 (s, 3H), 3.52 (d, 1H, J =0.01), 3.36 (m 5H), 2.24 (m
1H), 1.75 (m 1H); [err]C NVR (DVBO-d[err]): 26.0, 51.6, 55.7,
55.8, 59.5, 62.4, 85.9, 86.3, 115.9, 116.8, 123.2, 124.3, 130. 4,
136. 1, 158.6, 159.5, wH7.6. 15 El emrental anal ysi s

r] . JerrJHerr]Jerr]): : C, 62.17;
i Found: C 61.98; H 5.69; N, 7.14.
g enperature recrystallization of |a naleate

(JerrJHerr]Nerr]d
H 5.¢74; N, 7.25;
EXAMPLE 3 20 Roo
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The maleate salt of la (15.02 g) was dissolved in 800 nL of absolute

ethanol with stirring under anbient condi tions. Pentane (500 nL) was
added in 100 mL increments until visual detection of

crystallization. 25 Precipitation of a white crystalline solid ensued
rapidly. The rq,éWs diluted with an additional Peeushe/seb14

absol ute ethanol wth vigorous stirring until honogenous. Pent ane
(1.25 L) was added increnentally . until visual detection of a few
small crystals. The 30 crystallizatipyd!ask was seal ed and stored in
t he freezer overnight. The white crystals were collected
by vacuum filtration and dried in a high-vacuum oven (ca. 10
nm Hg; 40[err]C) for 2 hours to afford 11.96 g (80% 35 recovery) of la
as a colorless crystalline solid; np 118-119[err] C (dec).

WO 96/ 40687 : ' PCT/ US96/ 06814

-22- HPLC. 99.93%la: 0.07% 1c (Colum = Altech altim CN
4.5 X 150 cm 5 [err]; Mobile phase = 15% MeOH: AcCN (1:1) and 85%
50 mmol of Et[err]Nin Hgrr]G 1.5 nL/mn); _ [err]H-NVR (400 MHz;
DMSO-d[err]): [J[err] 7.3E((t, 1H J =7.7 Hz), 5 - 7.04-7.00 (m 2H),

6.99 (s, 1H), 6.06 (s, 21/}l 4.93 (s, 2H) =~4.19-4.03 (m 2H), 3.77
(s, 3H), 3.52 (d, 1H J © —

i llll’lm

F |G — 2 EtHYL ACETATE RECRYSTALLIZED PARTICLES (SCALE UNITS 1



4.1 Hz), 3.45-3.29 (m 4H), 2.27-2.20 (m 1H), 1.78-172 (m 1H) ppm
M5 (Cl.) M+l = 271; 10 IR (KBr): 2926 (w), 2237 (w), 1697 (w), 1575
(s), 1360 (s), 1293 (m, 1207 (s), 1172 (m, 1054 (m, 1029 (m,
960 (w), 915 (m, 871 (m, 780 (m, 755 (w), 685 (w, 647 (w), 584
(w) cnferr]; WO9%6/068ferr]C-NVR (100 MHz; DMBO-d[err]): [eri.,]mil,%‘
159. 60, 158.62, 15 136.19, 130.41, 124.37, 123.18, 116.82, 115.87,
86. 33, 85.92, 62.40, 59.48, 55.79, 55.69, 51.58, 26.02 ppm
El enental analysis (Clerr]Herr]Nerr]JegidAgClerr]Herr]Jerr]):
C, 62.17; H 5.74; N, 7.25; Found: C, 62.27; H 5.86, N, 7.23. 20
WD 96/ 40687 . PCT/ US96/ 06814
- 23- CLAI V5 1. (R - (2
- 1- Azabi cycl o[ 2. 2. 1] hept an- 3-one, O [ 3- (3-
met hoxyphenyl ) - 2- propynyl ] oxi mne nmal eate as a phar maceut i cal
agent .

L4

FIG'—"3 ETHER—PRECIPITATED PARTICLES (SCALE UNITS 10um)
r



2. A conpound according to Claim1 wherein the maj ority of

crystal particles are greater than 10 x 10 [err]min size.
3. A pharmaceutical conposition useful for alleviating pain in a
manmal conprising an anal gesically effective anobunt of a conpound
according to CwOse4besroget her with a 5 phar maceut i cabbtyusssnesilsabl e
carrier. 4. A pharmaceutical conposition useful for treating
the synptons of cognitive inpairnent-conprising a .
therapeutically effective anount of a cadpgdund according to
Claim1 together with a 5 pharmaceutically acceptable carrier
5. A nmethod of alleviating pain in a nmanmal which conpri ses
adm nistering to said mammal a conpound according to Caim1l
6. A nethod of treatingthesynmptoms—of—cogntti+ve lapai rnment in
a manmal which corfyi sgs ~ adni ni stag ' jmal }a conpound
accordi ng O tq Omarnwl. » I__ §
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