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(1S, 2S)-1-(4- HYDROXYPHENYL) - 2- ( 4- HYDROXY-

4- PHENYLPI PERI DI N- 1- YL) - 1- PROPANOL METHANESULFONATE

TRI HYDRATE WO 97/07098hi s i nvention rel ates to the novel and RFHHPEUFTy
advant ageous tri hydrate of the nmet hanesul fonate salt

of (1S, 2S) - 1- (4- hydr oxyphenyl ) - 2- ( 4- hydr oxy- 4- phenyl pi peri di n-1- 10
y)-1-propanol (hereinafter referred to as "tRe nesylate salt trihydrate)”

This nmesyl ate salt trihydrate, as well as the correspondi ng anhydrous
nesyl ate salt and tree base of (1S, : .
2S) - 1- (4- hydrgxyphenyl ) - 2- (418)¢ A c - 1- propanol

(herei nafter referred ¢ , " VAN l‘ V(K e" and
"the free base") Rt , =N SHE ¢ aci d)
receptor antagonists and are useful 15 Mtreat rrent of epil epsy,

ty, br al t t
raunatd o bratn injur Erﬁ‘ygﬂm ixetsatp AP sncl enly Sl mampeye s of e
(rjn grai ng I i’lm,thaneeufumtelsdtaf(ts amwmpmm@uymbmphwwwumn
rug and al cgho
ncont i nence anw ﬁéﬁﬂw%l@%%mﬁmfﬂ?f%ﬁ:ﬁﬁ:ﬁ A
such as stroke ‘as well asshe corespending anhyddduscm s ee ase
methods of pr SL}??S’Sﬂ 25} {e nvaronyBHeybi£ 08 Sy 4 PRerbLN Ry Spr0B01
States Patent 5, (hersingher refpmedte, re;spe@brelvmslfmww os mesylate gutiheries base?
their use in tr
specifically, ;&Hb %@es aﬁﬁlﬁ?ﬁ%ﬁkgg%ﬁﬂ é@i‘ﬁ%ﬁ‘gﬂ“‘ elr
21, 1993. 2516 Tﬁethe treatment of epilepsy; gnxiw. carehvel istihemia; susculer aposwsmdtlhmn
| nt er nat i onal éq&*, V\ﬂ;spgg e, t NE
United States ang vvag fi g bﬂﬂinjmygpﬁ%b@re‘ﬁwg&ﬁ&na, lyﬁ@r@fg |nat|on
with a conpound %@MHP@"W’E‘#&E Sn grug-andiainebiol addiction. <iug and elcohol withdrawal of
excitatory feedhgyfptdme)Pejditiy esidiwins| mrﬁfyaihcﬂﬂﬁhﬁi&arﬂfdabm|m€oehﬁﬂ0

t he cortex to treat Parkin nsdls e r edt

I nternational PJISEYRYS RYREM, S‘QF '5%"3; %‘SWQ?]% ‘E'Wﬁsﬁ'h ‘H@Q?‘m?af“&“?he

Uni ted Stat e20arahd/iduntihglon'd dizeasdy 26, 1995 The foregm ng U. S

patents and patent appli.cat Sgdl

in their entireties. e ffs@ﬂa%g th@ |s an ex%y améo acr?d;ﬁ‘%%m

excitatory am ndeisuadfb.@eemw. inddnited States Patentd; 185,343 fwhichissiedondrebruary ,

that nediate exc R UG GEUSH B cbyfih BF e Yol isBRiee ik YefemB 5,°™
I gands

Qutamc acid an spar?'l c acid are ?enous

activate excit attRegiisgalvnin \nited States\Patent-$ 272,160, which issugd oniRgsempee3t.1998:AA
receptors, 25 THeUBh frﬁf!aﬁn@ﬂd abBiedistrd b isGefeltb to'in Miemietibnal PatentApplicRitn Of

si gnal transduct b8F/ib 95186550, which designates the United States and wes filed on May 18, 1995.
- Their use in combination with a compound capable of enhancing and thus restoring the
balance of excitatory feedback from the ventral lateral nucleus of the thalamus into the
cortex to treat Parkinson's disease Is referred to in International Patent Application
30 PCT/IB 95/00398, which designates the United States and was filed on May 26, 1995.
The foregoing U.S. patents and patent applications are incorporated herein by reference
in their entireties.
* - NMDA is an excitatory amino acid. The excitatory amino acids are an important
group of neurotransmitters that mediate excitatory neurotransmission in the central
35 nervous system. Glutamic acid and aspartic acid are two endogenous ligands that
activate excitatory amino acid (EAA) receptors. There are two types of EAA receptors,

ionotropic and metabotropic, which differ in their mode of signal transduction. There
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at least three distinct ionotropic EAA receptors characterized by the

sel ective agoni st that activates each type t he NVDA, the

( 2- anmi no- 3- ( 5- TEVAYTAT§28 hdyr oxyi soxazol - 4-yl ) propanoi ¢ aci M’d"“?ﬁé
kairnic acid receptors. -The ionotropi c EAA receptors are linked to.ion-
channel s that are perneable to sodiumand, in the case of 5 NVDA
receptors, calcium Metabotropic receptorsg-1linked to phosphol nositide
hydrol ysis by a nenbrane associ ated G protein, are activated by quisqualic
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am no 5- 20 ho

D- 2-am no- 7- pﬁos%%&ﬁ%%g&g %@#@Pd'ﬁé}pé@iﬁ Hﬂd'?‘“'ﬁ‘s‘dﬁ?ﬂ ehan Wgnsm

85, 131-143 (199Qt)mpounds such as pheficyclidine\(BGP) mnmmmm a met hod

treating of mammal s %m&hpg Mg}‘% on,sgag,ggg,ﬁﬁg;m%sq*ﬁwtmhgb,\q.gégﬁgrses
1 -

adm nistering to said nma trans-

net hyl - 2- (4- hydr by ipteragiin amﬁ$m2'n§w$hww4%mmpmﬂm) et
hanol 25 net{gangsmp Dirid td1 8 NMDA Mﬁo ResRptH radyp B8 detérnincdCusies ang
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with such an ex0| ack enhanci ?31a ent to treat Par ki nson" S

di sease. Schoeppgial J. Neur. Transm., 85, 131-143 (1991).
This invention also relates to a method treating of mammals suffering from

Parkinson's disease which comprises administering to said mammal (1S, 2S)-trans-2-
methyl-2-(4-hydroxy-4-phenyipiperidin-1-yl)-1-hydroxy-1-(4-hydroxyphenyl)ethanol

25 methanesulfonate trihydrate and a compound capable of increasing the excitatory
feedback from the ventral lateral nucleus of the thalamus Into the cortex, such that the
balance of the excitatory feedback from the ventral lateral nucleus of the thalamus into
the cortex in said mammal suffering from Parkinson's disease s restored. Iintemational
Patent Application PCT/IB 85/00398, which Is referred to above and incorporated herein

30 by reference in its entirety, refers to the use of the free base and the anhydrous
mesylate in combination with such an excitatory feedback enhancing agent to treat
Parkinson's disease.
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superior as a therapeutic agent conpared to the anhydrous nesylate. It
is a nore stable crystalline formthan the correspondi ng apc¥drous
salt, has a sub3Q®#N7898 vy | onger shelf life and is | ess subject

breakdown of the crystal structure due to the inclusion of water in the
crystal. 6 Summary of the Invention

This invention relates to (1S, 2S)-1-(4-hydgoxyphenyl)-2-(4-hydroxy-4-
phenyl pi peri di n-1-yl)-1-propanol . met hanesul fonate tri hydrate.

This invention also relates to a pharmaceutical conposition for the

treat m;nt Z}‘ o a msmwﬁdeKmmmaupbﬂweaﬂ\BWeragewch
as stoke, zhe in S
di sease; spi nal %ﬁgmﬂﬁgﬁﬁw ’ ﬁ%ﬁﬁfﬁ%?&%“?@%@%%
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also relates to a phar maceut i cal corrp05| I on for the treatnent of

di sorder sel ect &qdisorder seleptert fram; deganerative %sd@F%'dS'ﬁcW"HsﬂsmeNZhdm“s
Al zheiner's f dieass) Parkirion | um &mmmneruibmtspmt ébid%'adin&eé’ﬁlﬁpsy.
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manmal , ischemia, muscular spasms, multiinfarct dementia, traumatlc brain injury, pain, AIDS

related dementia, hypoglycemia, migraine, amyotrophic lateral sclerosis, drug and

alcohol addiction, drug and alcohol withdrawal symptoms, psychotic conditions and

urinary incontinence in 2 mammal, including a human, comprising an amount of (18,

25 28)-1-(4-hydroxyphenyl)-2-(4-hydroxy-4-phenyipiperidin-1-yi)-1-propano}

methanesulfonate trihydrate that is effective in treating such disorder, and a

pharmaceutically acceptable carrier.

This invention also relates to a method of treating a disorder selected from

* degenerative CNS disorders such as stroke, Alzheimer's disease, Parkinson's disease

30 and Huntington's disease; epilepsy, anxiety, cerebral ischemia, muscular spasms,

multiinfarct dementia, traumatic brain injury, pain, AIDS related dementia, hypoglycemia,

migraine, amyotrophic lateral sclerosis, drug and alcohol addiction, drug and alcohol

withdrawal symptoms, psychotic conditions and urinary incontinence in a mammal,
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-4- I ncl udi ng a hurran conprising adm nistering to said manmal an
anount of (1S, 2S)-1-

(4- hydroxyphenyl ) - 2- (4- hydr oxy- 4- phenyl pi peridin-1-yl)-1-pr opar}?& 6/00592-
net hane- sul f onat WO 9707098 i hydrate that is effective is treating i

di sorder. This invention also relates to a method of treating a
di sor der sel ected from5s degenerat i ve CNS di sorders such as stroke,

Al zheimer's di sease, Parkinson's disease 4 and Huntington's disease;

epil epsy, anxiety, cerebral ischem a, nuscul ar spasns, mul tiinfarct
denentia, traumatic brain injury, pain, AIDS related denenti a,

hypogl yceni a,  including ahuman,zomptisingadroinistering ta saidmemmel an amound of18, %ﬁ)dohol

and uri nar y | nodATPRERITNRID-2 e bbond ¥ eRipRURIA TR FoNeiSl hénkRniibnas

adni ni st eri ng t cribyxrate thatisoéfleativelis/iivatingtsughv disorder; anmount of (1S

2S) - 1- (4- hydr oxyphen -2 T
met hanesul fonate tri #}I/‘} @%ﬂ%%w QEW nventl'f)% d‘+at es to a rret hod
of treating Par kiegeoerativelGNS disorders schanstioke, Alzheimers diseasg, Parkinsaiys disease

conpri si ng adni Wﬁmﬁ}@:&.& Gidbdbel BBNGR sy, SariRiohyK | cafdbrel SscNeffts Fhuskhlar sp&sthd, g
ef fective anmount of -as ergl stic conbi natj on oOf g ,
2S) - 1- (4- hydr Oxyrpnlghgﬂrgl gm entia, traumatic braininjury, paln. DS related dementia, hypogiycemia,

(4- hydr oxy- 4- phegigréhe) imyatrop chi&auwdusaa areltdisonoraddiction; drug ahd uidohdsie

and an agent |l e of restori baI ce, of the_.excitator
f eedback fromth‘@hﬁmm °Rg°ﬂ'?f'§? uringty IpeRntinenee i & &?‘Hb"

c|; or L ex. o1|° includih |;9\umeeémpﬂtin§ aiministerrig-td dam mammriahardNMDAtantagohizing
cai d mmnmal i ¢ nUROWHPITR 2 {PRRRoxypha Bl Ry AT PR P iR 20
synergistic conbnﬂ&tanesulfoﬁatéhhydmtdﬁydr ate of (1S, 28) 1

met hanesul fonate trihy anC| n
sel ected f r om ineludime ghwnp.@omﬁum administering Aaisald Wﬂ@‘sﬁ Bﬁfk[gﬂ ﬁﬁaﬁsl
agoni sts, 6 ofiSciiva Bl oFa oy RNl BabiRktich of SOSE 1k hyBreRiHeRf) 2-
agoni st s, dopam ne upt I'n
dopami ne/ opi at e &M@Wﬂ%@%ﬂ@&ép‘!ﬂrp'am @F@‘"ﬁ‘ﬂwqﬂypﬁﬂ%ﬁ"&%"’gmt
ant agoni st/ dOpaWeﬂ@bﬁngMbh&\meraﬂmmmm ftbim ahye veritted Jateral

dopam ne upt ake noa ne oxi dase inhibitors, nobnoam ne
| i o e oA e Bl

oxi dase- B i nhi b| transferases (COV[I') i nhibitors
and | evodopa. This invention also relates to a method o treatingt Paskingoin's; thseasedniangs

trinyarate | & : %%% a8 Bl Sorifphd I bl rethmal i aopérdhon's
equi l i bration of disesseinealing wawﬂ@f a synergistic combination of the trihydrate of (1S,
28)-1-(4-hydroxyphenyl)-2-(4-hydroxy-4-phenylpiperidin-1-yl)-1-propeanol
methanesulfonate rihydrate and an excitatory feedback enhancing agent selected from
the group consisting of dopamine agonists, dopamine D1 agonists, dopamine D2
25 agonists, dopamine/B-adrenergic receptor agonists, dopamine/5-HT uptake inhibitor/5-
HT-1A agonists, dopamine/opiate agonists, adrenoreceptor agonists, a2-adrenergic
antagonist/dopamine agonists, a2-adrenergic/dopamine D2 agonists, dopamine uptake
inhibitors, monoamine oxidase inhibitors, monoamine oxidase-B inhibitors,
catecholamethyl, transferases (COMT) inhibitors and levodopa.
30 Description of the Drawings
Figure 1 depicts the X-ray powder diffraction spactrum of the mesylate trihydrate
{taken on a Siemens D 6000 diffractometer after equilibration of the anhydrous mesylate

4- hyd henyl ) - 2-
i, AR Gl rate an@éﬁ%ﬂ%ﬁ?wﬁ%g&m %'SHSQW%IMI
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-5- at 81l%relative humdity ("RH')), expressed as intensity (CPS)
versus diffract i on angle (two-theta degrees). Figure 2
depicts the X-r ovvder diffraction spectrum of the anhydrous

nmesyl at e, taken "J"QSerrens D 5000 diffractoneter and expressé’ﬁ'r 6/00552
intensity (CPS) 5 versus diffraction angle (two-theta degrees).
Tables 1 and 2 below identify sel ected peaks fromthe spectra of Figures 1

and. 2, respectively, by diffraction ang-e (two-theta), d-spacing (d),
relative |ntensi ty (rel. int.) - and maximumintensity.(max. int.).
Table 1 10 X- RAY PONDER DI FFRACTI ON DATA :
FOR THE MESYLAT@E 81/ té\éli\htmiditp ("RH")), eXpressiidatacintensity (CPS) wersusi diffraction angldax
I nt. (ﬂwﬁg‘!ﬁﬁ (degrees) (count s/ sec) Rel .
Int. (% 4 arge E2’90 10. 6563 668. 50

10. 78 Figure12 zispicts the X-ray pawder2difiraction spect@i)2f Gie anhydrous
51. 65 .

> o mesylate, rT%é. 6«%@2 Siemens DBOO%W eter and ex&%% Jntensity (CPS)
46. 94 5 versus diffragtion7angie (two-theta degreesho 1513. 00

igb‘%o ' ab?&?ﬁ?dzbelow Idenﬁfyﬂeﬁztga Beaks from the@ﬁa&aﬁ:ﬁ Figures 1.and
14 41 2, respedtleey gxgﬂfraction anglemgo-vl;tm d-spacing (d), rqggeg'@ensity (rel. int.)
7.95 25 and maxiﬁﬂmgﬁﬁnsﬂy (max. int). 3. 5638 633. 00

10. 21 26. 3. 7 2042. 50

32.95 10 27. 755 3. i 445, 50

7.19 29. 165 14. 00

3. 45 29.839  XBAYFOWE FRACTION DATR 59 5

4.19 30 30. 160 256. 50

414 30. 480 OR THE MELYLAT m'HYDRATEzm 50

7.25

7.96

31.108 2.8728 449.50 7.25
81.480 . 28396 493.50 7.96
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33. 564
34. 649
35.574
36. 568
37.680
38. 507
38. 920
39. 320
Table 2
FOR THE ANHY
Max. Int.
Int. (%
9.29

20

11. 733
12. 374
12. 976
13. 564
14. 120
14. 484
16. 313
16. 268
17.088
17. 799

10

16

20

125.
388.
358.
193.
254.
215.
158.
129.

50
00
00
50
50
00
00 8-
00
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02
. 26

X- RAY POADER DI FFRACTI ON DATA

ilheta spaci ng
(12§]§§1: s/ gﬂg)

26887 $436 388.00 [149. 50 !
. . ) 610100 pay |
. 656 35.574 9. 1522.6216 22 135890 135:7% |
7.5362 sppes| 982 SG4s59 +293%0 3.12
6.8167 37.680 123. 0(2.3853 25850 4.11 |
5779 120, 5 )
6 257) 58807 130 R%‘m %1%% 347 |

9.656 9.1524 221.00 18.73
11733 | 7.5362 682.50 42.39
| 12.374 7.1472 284.50 17.67
12.976 6.8167 123.00 7.64
. 13.564 6.5229 149.50 9.20
14.120 6.2671 130.50 8.1
14.484 6.1108 196,00 12.17
16.313 57814 667.00 |- 4143 |
L | 16.268 6.4440 213.50 13.26 |
17.088 5.1847 777.00 48.26
17.709 4.9791 694,00 43.11
| 18.264 4.8535 569.50 35.37
| 18.916 4.6876 440.00 27.33
L 19.368 45791 679.50 4220 |
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-7-

20.743

4.1571

354, 50

14. 32

24. 725

3. 4211

127. 00
126.50 «

7.52

32.611

2. 6906 "

83. 50.

5. 43 5
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4.8535 569. 50 35. 37
4.6876 440. 00 27.33
4.-5791 679. 50 42.20 WD
PCT/ | B96/ 00592
WO 9707098 937 4. 498 1332. 50 PCT/IB96/085827
4.2787. 296. 50 18. 42 21. 357
216. 50 13. 45 22.410 3. 9641
22.02 5 23. 056s. 3. 8644 230. 50
23. 672 : 3. 7554 250. 50 .56
3.5978 243. 00 15. 09 024
6700 2T0 880
7. 89 1019.837 244498 1332.60535 .
7.86 20743 28 4 ¢ 00
36~0683 e G5 +O5—55 0
2.7435 218571 97 00 4.16M 6. 0216.50 272
00. 50 6. 24 1 ) 128
19 2410 33*3§§2" ;faév. 0
WD 97/ 028.086 3.8544 230.60
23.872 3.7554 250.50
24.726 3.5978 243.00
| 26.024 3.4211 246,00
27.008 3.2880 127.00
28.276 3.1635 126.50
28.820 3.0953 121.00
30.083 2.9681 103.00
32611 2.7435 97.00
83272 2.6905 100.50 6.24
34,202 2.6128 83.50 5.19
87.50 5.43




Det ai | ed Description of the invention The mesyl ate salt
trihydrate is a white crystalline solid that exhibits well defined,
narrowed X-ray diffraction peaks (Figure 1), in contrast to the anhydrous

mesyl at e, whi ch exhi bits poor diffraction pattern resol uti

background and V¥@R™M8  diffraction peaks at 2[err] > 26[err?e{ gure 2)
Onty one crystalline form has been observed for the trihydrate )
nmesylate. This crystalline formhas good solubility in water (25 and 15

ng/mL in pH 3 and 7 aqueous buffered sol ut #®ns, respectively).

The mesylate salt trihydrate can be prepared by the foll owi ng nethod. The
free base is dissolved in vvater at 30C To this solution is added at
| east 1 equivalent of 10 net hakSEeR1EA otdhe fwention | oy ¢ | ng m xture

is warnmed to 60. 65[em&ﬁsﬂaesaaﬁmmmmwmm%om&%bmm@anheader
It particulate free. The sqlution is concentrated to 8 Xi matﬁatz 40%
28 :%9#%

of the initial Darewed Xsapdifitaction pepks dtigurest) EQ!"“B?M‘F'?
dried to a wat ejyhizANduhiblts PoB ﬁaﬁlfﬁﬁbd@iﬁenﬁ:mbntawﬁd mgﬁhnamaqmm ely

%ar?(r)f)er-rgﬁrl 8 ed resul t%&s% : gﬁurr;eﬁyl n e"“%%m@“ %@%geﬁgg b‘i‘f’é’
WnenI e?ui i H at ﬁsimamvdﬁﬁ%aymwmwmmwmlhas goodgﬁllbﬁgﬂygnm&mar}d t
nmesyl ate sa ase and.a rous nesyl ate
can be prepared? ééxﬂ@g&? Pﬁé"o"'\dr? mepgﬁb&?orec{gﬁg{% y272 160, \>/lvh| ch
is referred to aboveTmmesylnesﬂtmmdudebmbombmdbythefellcwlngmethod. Theslrae
entirety. The resol r

phenyl pi peri di n%% ‘%‘*‘%%B’?g;‘}gﬁ%%“%g(fﬁ tk%g @%RH%%%%&%We pone °f
(1R, 2R 10 e mtiténensuifonic asude:ml théiresiiting mrmlsewarmemto MPﬁat'ﬂlermhbd
of preparing thg, H%em d O?ﬂ pred 10 Slsﬁbhllﬂ?@ai‘e'ﬁeﬁx A.ﬁonw‘é&ﬁeﬁﬁﬁ&to

exenplies the syn ate sa

The hygroscopi C|wm¢m%§}midﬂdapbﬂl€rWWEQ'@NMgééFQIGP@bYﬂﬂM angb o,
and 25 98% CO”%QM@Q%&H&M&&(BUEM aftffO1163%b. The

| aboratory conditigns (2 C, 31 64% ht c nge
was observed at MM%W%%ﬁﬂ;W W@‘H% ﬁﬂ%’d‘l 0s of
waters of hyggation iThe@hh m@dnﬁ%yl&%ﬂrén Edimlibmémiﬁan 81% RH mh&ﬁt\mﬂ at

0% RH was reversible e_anhydro quickly equilibrated to the
hydrated form wﬁFQH"ﬂ& &B@H‘ef Qﬁi‘wﬂ'ﬁﬁ dities. \Wight I'oss was al so

obser voed in 30 bul N‘hamnbbbsdgndsmhydreus mwmmmpmg desorilbatjp United
cont rast . subchiee et s2re 100, Vhin, 8%t do JHl S incorporpted nersincly
at anbi ent condireferancs inits Qﬂﬁ@@h Mﬂensf@eﬁmlﬁﬂ-(*hvdmxwhﬁmwm
PCT/ 1 B96/ 0059¢  phenyipiperidin-1-yl)-1-propanol to form the free base and corresponding (1R, 2R)
' enantiomer is exemplified in Example 1. An alternate method of preparing the free base
is described in Example 2, which also exempilifies the synthesis of the mesylate salit
trihydrate.
The hygroscopicity of the mesylate salt trihydrate was studied at 0%, 52% and
26 98% controlled relative humidities (RH's), and under ambient laboratory conditions {24-
27°C, 31-684% RH's). No weight change was observed at 52% and 98% RH's or under
ambient conditions. Loss of waters of hydration is observed at 0% RH. The weight
loss observed at 0% RH was reversible; the anhydrous form quickly equilibrated to the
hydrated form when exposed to higher humidities. Weight loss was also observed in
80 bulk stability samples stored in polyethyiene bags at 40°C/30% RH (>10% of Walght
was lost in 9 months).
By contrast, a substantial weight gain was observed for the anhydrous mesylate
at ambient conditions, as shown in Table 3 below.




Table 3 HYGROSCOPI CI TY AT AMBI ENT CONDI TI ONS

OF THE ANHYDROUS MESYLATE SALT % Di fference 5

Wi ght from % Difference Tinme Since of Sanpl e
Prev. Wi ghing ptial  Initial 0.4974 ¢ 5

S i Wi, g 0.06 0.06  TE{EREITE
0.4977 ¢ 0.00 - 0. 06 3.5 hours 10 0.4990 ¢
0. 26 0. 32 - 22 hours . 0.5002 ¢ 0.24

0. 56. 30.5 hours 0.5070 g <% 1.36 1.93
45.5 hours 0.5102 ¢ 0.63 2. 57 98 hours
0.5170 ¢ 1.33 3.94 170 hours 15 0.5170 g -
0. 00 3.94 194 hours - JIabled g 5171 g 0. 02

3.96 215 hours MBIEND .CON 4,22

246 houf's 0. 5203 " o : e 382 hours
0.5193 ¢ 0. 19 : 0 5193 g

0. 00 = T T =

Magneti ¢ Resona e (NI\/R Spe

3 Tr| hydr : e
The proton anB dar boWelghRk spg % Qiffere t r TimaiPaee g e 25
descri bed bel ow | cral.Sample BN sWelghing i fronriniial (1 d| at i |
tetramet hyl si | ang . were | made onthe basi s of [err]H—[err]
Correl ated Spect L ey = o SR s
Enhancenent by [t ansﬂ@ﬁ (DEPT), ab@6[err] »
Het er onucl ear al phitt rrel atfi on TCOR) {t aI NVR
experi ments. Thd g /=Y J\Q’l an_and car B pn:\]( %gpgh
gi ven bel ow a0d |ar e 04990igst et V\m.bsthe 3¢ stogeture Ofazllim;rcresyl e salt
trihydrate. YO 97407093
PCT/ | B96/ 00592 : 0.50029 0.24 056 _ 10- 30.5 hours
| osor0g 1.36 1.93 45.5 hours
05102 g 0.63 2.57 98 hours
05170 g 133 3.94 170 hours
15 05170g | 0.00 3.94 194 hours
0.5171 g 0.02 8.96 215 hours
05184g | 0.25 422 245 hours
0.5203 g 0.37 4.60 382 hours
05183 g -0.19 ‘ 4.40 408 hours
20 4.40 533 hours
~ Proton ear Magnetic Resonance (NMR) Spectra of the Mesylate Salt

The proton and carbon NMR spectra of the mesylate salt trihydrate are
25 desciibed below. Chemical shift assignments in CD,0D {(relative to teiramethylsilane
(TMS) were made on the basis of 'H-'H Correlated Spectroscopy (COSY), 'H-'*C
Distortionless Enhancement by Polarization Transfer (DEPT), and 'H-'>C Heteronuclear
. Chemical Shift Correlation (HETCOR) two-dimensional NMR experiments. The tentative
proton and carbon peak assignments are given below and are consistent with the

’ 30 structure of the mesylate salt trihydrate.



[err] 10 Assi gnnent [err]C([err],ppm # Protons
[err]H([err] ppn) 4 2 0 -
15 148. 2 - 1
132.6 0 ' - 2' 129. 8

7.30 (m WO 97/07998 129. 5 2 7 BETARI/00592
4" 128. 4 1 7.30 (m) 20 © 125.6
2 7.56 (d) 3 116.5 2 6. 84
(d) 1 73.5 0l 4.66 (d)

4" - 69. 8 o - - 68. 3

1 3.58 (m 25 6" (1) 48. 8 2 3.32
(d), 3.72 (t) 2" (1) 43. 2 mo 2 3.58 (m
4 39.5 3 2.70 (s 5"(2) 36.6
2 2.64 (t), 1.98 (d) 3" (2 365 2
2.42 (t), 1.98 (d) 30 9.7 o 3 1.12
(d) (1) The 6" and 2" positions are not glly equi val ent; the
assi gnments may be interchangeable. o Y1 = WD 97/07098

PCT/ |1 B96/ 00599

10

16

20

25

gH é’(

a N 3"

4>C0H

=CH3S03H
g s

‘3“20

0
0 |
0 |
2’ 1208 2 7.30 (m) |
a8 1295 2 7.38 (1)
40 128.4 1 7.30 (m)
2n 126.6 2 7.56 (d)
3 1185 2 6.84 (d)
1 736 1 4.66 (d)
4" 69.8 0 _
2 68.3 1 3.58 (m)
8(1) 48.8 2 3.32 (d), 3.72 (1)
2(1) 432 2 3.58 (m) ﬂ
4 - 38.5 3 2.70 (s)
5(2) 36.6 2 2.64 (1), 1.98 (d)
3(2) 36.5 2 2.42 (), 1.98 (d)
3

interchangeable.

112 (d)

The 6" and 2" positions are not ehamically equivalent; the assignments may be



-11- (2) The 5" and 3" positions are not chem cally equival ent the
assi gnnents may be I nt erchangeabl e. The proton splitting
pattern at 1.96-2.06 ppm appears as two doubl et s when acquired
on a high-field instrument (500 WMHz), but only as a |

when acquired WO Bwer field (300 MHz) instrument. This isl’ﬁ’ﬁd’% 5
to be due to a salt effect arising fromthe nesyl ate. The
nmesylate salt trihydrate,.simlar to the anhydrous nesylate and free base,
possesses sel ective neuroprotective activity based upon its antiischemc
activity and ability to bloek excitory am no acid receptors. The
preferred procedure for evaluating 10 the neuroprotective activity of this
conpound i s t hat{2desdhe Stand§ positians ard noSbhdmitelly equivalent the lassignmenis meybe m
and Experi nmental Theinkgrchangesble2 e poiin spitiog patterii bt +.96:2:08 pipm appears as two

i ncor pot at ed her ei n dopubletscavhancacquired pa achigh-field \nstruntent=(600 iMKdz), busonly. as a
Cell culture. Sevent adbenfacguiredy with & lower figid (300 M) instrument: dThisgs believed
Labor at ori es,$ | febe dye torn sgit effect ausingfrom thampsmiate.c| | s are cul tured on
PRI MARIA cul ture plates 15 (Falcon Co., Lincoln Park, NJ) for 2 to 3 weeks

I n serum cont ai ni ng %W&%l{m rate.m W@ﬁﬁf&&&éwlﬁﬂ%b&e

nonessenti al am no aci ds, coentaini Ut am ne 'ucose

peni cl lin/ st reptRﬂWPﬁf %U‘O"é"& MQ@*%WQ’G‘&M and
1-7) and 10% horghitye QI‘ Theiphéi Wﬁ, mhb

Cul ture pl at 28 48 aé‘fﬁf oo @aﬁ&sgﬁm“f el Shelety st

grown at 37[er23]q§2. i JaPharm. dintii Bxgh g ate) Therapetities, @60) 926 (1992) ll‘ll‘lﬂubﬁicWis
cont ai ni ng 5% &rr!-gﬁoo F;p L fer peurana h ce S is
controlled é;a%;% ?’M‘?fr'f@’%ﬁgﬁgﬁa’"gd%

5-fl uor o-2- deoxyur| drmmyrsmmyfmm(so Charles HmnBEgedlnﬁ)).aboralonmys

6 to 8 of cultur e
fresh stock. 25 'ﬁc %Hi@ ? xr Cl aeg e éﬁﬁe res are assesse l#
gl ut amat e t oxXBci Fgleon Co. é.lnooln qu.ema wram 8 wepksain gerum icaptaining culture medium | s

renoved and CU' Uéﬂ Hd%&&ﬂramw@m hoﬁ?essenuar&ﬁ%was Gb:lnhhma' M m&m
12-, KO, Cl err] 8, CaCl[err ucose 4

hydr oxyet hyI) 1 Ememlﬂ@l xclraﬁoabugwhm ?ﬁMﬂ' W‘“ﬁﬁ“ﬂ'ﬂr@!ysare
t hen exposefl7f @id 16% Horse(sbAlr (ddys)1-31). \Culld @ieSeiher plRttd’ cif 95W8ll Microtiter

o1 Ut amat o-f e CRIeR Ata Aaneiy < 3Bigof palsper Mese@%@m%@%ﬁ@mm”‘iﬁoﬁn‘s&mm
The cul t ur es 28r €250,000 dells pérawelid Cuitiure2@ré grodm b 879 Q in a humidified 09, tisste cultlieur e
the 16-m n expoclPl¥d % F@@rﬁ%@%ﬁ%&%ﬁ“ﬂ%ﬁ{@*nﬁeﬁ&ﬂew%ﬁ it
added at di f f er eby addimg280 aiMturidinelend @0y EHluaro@deoxyuridine{Sighar Chdmical Sol, 8bi ng
20 to 24 fr. Louis, MO) from days 6 to 8 of culture. Culture-media is exchanged every 2 to 8 days
with fresh stock. _
26 Glutamate toxicity. The cultures are assessed for glutamate toxicity 2 to 3
weeks from initial plating. Culture media is removed and cultures rinsed twice with a
CSS (in millimolar:): NaCl, 12-; KCl, 5.4; MgCl,, 0.8; CaCl,, 1.8; glucose, 15; and 4-(2-
hydroxyethyl)-1-piperazinesthanesulfonic acid, 28 mM (pH 7.4). Cultures are then
exposed for 15 min (37°C) to various concentrations of glutamate. After this
80 incubation, cultures are rinsed 3 times with glutamate-free CSS and twice with fresh
culture medium without serum. The cultures are then incubated for 20 to 24 hr in
~ serum-free culture medium. The compound being tested s added 2 min before and
during the 156-min exposure to glutamate. In some experiments, the compound is
added at different times after the glutamate exposure and for the following 20 to 24 hr.
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Cell viability is routinely assessed 20 to 24 hours after the excitotoxin
exposure by neasuring the activity of the cytosolic enzynme_LDH. LDH
activity is det SYOPHES r om the culture nmedi um of each of PHETHESRE s
of -the mcrotiter plates. A 50-[err]l sanple of the media is added to
an equal vol ume of sodi um phosphate buffer (0.1 M pH 7.4) 5 containing
1.32 mM sodi um pyruvate and 2.9 mM NADH. Theg- 340 nm absor bance of t he
total reaction mxture for each of the 96 wells is rmnitored every 5 sec
for 2 mn by an autonmated spectrophotonetric mcrolite | at e reader

(Mol ecul ar Devi ces; Gelhwiability is routinely agsgssed B0 ta 24 houns mm exin exposure

ST L, B AR 4 il I i 0 NSO i

Mor phol ogi cal  athecssdtueamediim of each-ofithe 98 wells ofjthe Ellcu?!lt%'mlﬁlﬁﬂed‘\w&%e
contrast mcrosg&o%adﬂf]@agmun&ﬂ cﬁrturgﬁﬁu (ﬂ‘PW H 7.4) |

phase- cont r ast I magery, es are use
for this pur foseentginingt 2 meodium pymvatmmaemmmmmﬁmwoamm
sersi L ve 0" g iRl Fonbflh] it foPBdLtCUr bl el 6 okt ey 6 e 62 RSP | 1

LDH activity 24 ter exposure to O. | ut apat e

15
Reagents. DTG earautemaded spectrophatomeiria riprofiter plata feader @Mﬁss Menlo
(M Iwaukee, W) ,paanwa’rms{d d%sém@ﬁa%aﬁu&w&m&aﬁﬁg 4IBM SORThaX .,

MA) . Sperm ne can be purchased fro oui.s,

MO). Horse and PERgrem (version 3.0; M"'?@'I"B’np&ﬁ?sﬂ@ddﬁ Pﬁ?raa?eﬁ'e %@Pﬂ@ﬁg‘"‘y
E)Logan hUT) d-"?:ul t ur e Mgesh %N*QT‘E‘? of ngurmuivﬁamyqsldemmdamnylrpm can
e purchase rom S a

Neulroot oxicity cfﬂ"ﬁ%’g(ﬁ@m (ﬁ‘ﬂ '%ﬂ?’ﬁ%‘ﬁ%‘?’a&ﬂ pemit g0 { sS-obitait
present in the muhgw,esdwlswm?ﬁ6w242-ﬂehphtasaa§ﬂsndfgiﬂ)lsmeeﬂmamelﬂhe :
I ncr eased { ' t

destruction and%g’g‘bgﬁ%ha#%gfe%w#égﬁens d&@md{%&z’t %'Eoé%se

actual - | evel s ofindréasesdn LDH achivityl 24 hours efter GXPOS'UaIlQQ-r"é%'l %M‘%@%utl neI y

expressed rehgtive t bl - (HRR! &fh %esbﬁfch!lﬁd From Aid?i%hséﬂﬁnl&ﬁ CoripaH

plate. To obtain an x of LDH activity from Iutarrate -tr
cultures, the L[ﬁM‘M&“KP@sW):cﬂﬂ%BﬂPPW°EHPFUF@°%"eB‘§EERW (}{gﬂﬁ"ﬁﬁ%
the treat ”e”} s ermilie@HR Be plnchabed fonT Siga aCh&ﬁtcﬂlﬂH.{Stll&:u&rM.Sﬂﬂdeaﬁdﬁtal |
percent age of t ncr ease |n LDH nduce, ut A
for each experi mse&mm%&"m‘*% °"° % %i‘ﬁ&i‘%ﬁw
reverse 50% of t&nawllllmwmdwﬂmmwnmhbmtﬁhmeo(mdlﬂmd M). are

mdopendont 2077 o3 R Ry Naocohy 'ty Bl y 8BLhg il ee SR L0

anti schem ¢ and presert iritbe gultunge mediami 20 tb 24 baum gfter glutamate expgsura: S ﬂnmed
F?Z;![ ﬁteﬁt sal t 1]t Uiy R thd tufturb HEdIA 'ORelafel Aath ddstriietin'and Qedéieration of
neurons (Koh and Choi, 1987). Because actual levels of LDH vary from different
cultures, data are routinely expressed relative to buffer-treated sister wells of the same
25 culture plate. To obtain an index of LDH activity from giutamate and drug-treated
cultures, the LDH values from oontrol cultures are subtracted from that of the treatment
groups. Data for drug treatments is expressed as a percentage of the increase in LDH
induced by 1 mM glutamate {or NMDA) for each experiment. Concentrations of NMDA
antagonists required to reverse 50% of the LDH increase induced by excitotoxins (ICs,)
30 are calculated using log-probit analysis from the pooled results of three independent
experiments. :
The selective neuroprotective antiischemic and excitatory amine acid blocking
activities of the mesylate salt trihydrate of this invention render it useful in the tfreatment
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di sorders sel ected from degenerative CNS di sorders such as stroke,

Al zhei ner' s di sease, Parkinson's disease and Huntington's disease;

epi | epsy, anxi etWo VR0, 5 I schemia, nuscul ar spasms, mul tRGHP§s92
denentia, traumatic brain injury, pain, AIDS rel ated denentia, =~
hypogl ycem a, m grai ne, .anyotrophic |lateral sclerosis, drug and 5 al cohol
addi.ction, drug and al cohol wi thdrawal synpigns, psychotic conditions and
urinary incontinence. - In the system c treatnent of such

di sorders, the dosage is typically from about 0.02 to 250 ng/ kg/ day
(0.001-12.5 g/ de=f diserders gelectad flomdegeneiative ﬁglsmsdrggrsisucbiangh'eko, Alzheimel‘s

di vi ded doses, rgaakd!

dosage 10 range IS rgéhﬁlgg%nugt h‘é“i%%ﬁ 7@@ nt‘Hoﬁfg out % day.
course, dependi fgphemia, russHiar ppasmsa U mmmish@aumﬁn pain, AIDS
condi tion of tNGelfd mﬁmﬂomﬁwmw& amyotrépHid) tdflY schfodié, e&ﬁglﬁad

by the attendi ng physiclan route of m ni stratlon
general 'y pre® eM°' prigtios, drugrandlcahst mwm&- psychatic SVI/‘d"(ﬂ"s(ﬂﬂﬂl
absor pt I on af iRedntihérieel Mpai red, the preferred route of

d trat I I t I t I
The meeyl a 'e°2aII R B Gnbe T o, S bR ety rom about
phar macgtjt i caIh tl)oz toczsmngﬁkgltdaym O016¥2 8\gdayinl ditypicaltiuntanoseidingp5o kg) in single
accept abl e vehicl e,qn uen ar,e_gene
for ijI ated In a ?foW?%ﬁﬁI °ﬁﬁ'ﬁﬁ8¥ °m‘? F?"ﬁ? %‘@B‘I‘I‘ﬁa&“ I'I 'Hg elaerreXngg& es
or diluents 46 aapgejsfrom ebout 0.16mgkg/idayto aleowit 260 mcg/days t Ofdourse;, dépendingal

cuspensi ong, . Seo R e ratfa s e i hd e BhnGH ofe byl Bha s k"

adm ni strati on range mymmnwﬁbompsemmmg physicign. tTheresal seuts ot admipistration

e A 8 b ot

EXAMPLE 1 25 Is otherwise impaired, the prefared sonie of administration iy beiparerteral (i.m., i.v.)
Zﬁ) 1_|(;1_ ?y ?LQﬁyd““""’" heny! di 1 |

phenyl ) - 2- (4- hydr oxy-4- phen eridin -1- no

(+)-Tartaric acid (SO'B‘%‘BM EI‘%?SP#@!P gf‘ﬂ tﬁt%ﬂﬂ?mw
R?Z eﬂi g 18, hZS*eém osiﬁ:ns together with a pharmaceutical aco]t_;ptable vehicle or diluent. Such

- (4- hydr oxypheny Xy-4- er |

(655 v, 2 ol | SYmESiRE R ﬁsﬁb@ﬁem'?mww%mm iR orav
colorless 30 hond\jplneoudilm spproptiateis tierracde bhdesired adotinijration:a it enat

obt i ned. i pPdison i e B Whefl vt of o JMRCBRIR, UbluRAS

of the (+)-tartr arasuleg powslers envdihe lika; der,parenteral admj daf&tioasm&wfomof

sol i dddm; 20658 $SdioHsS6r susperisiingald fe'iike; antbror tdpidal administratich, in %Jfémm
vas added t solutions, lotions, ointments, salves and the like.

EXAMPLE 1
25 omeric (1S, 28)- and (1R, 2R)-1-{4-Hydroxy-

- idin-1-yi)- s
(+)-Tartaric acid {300 mg, 2 mmol) was dissclved in 30 mL warm methanol.
Racemic 1S*, 28*-1-(4-hydroxyphenyl)-2-(4-hydroxy-4-phenyipiperidin-1-yi)-1-propanol
(655 mg, 2 mmol) was added all at once. With stirring and gentie warming a colorless
80 homogeneous solution was obtained. Upon standing at ambient temperature 24 hours,
319 mg (66%) of a fiuffy white pracipitate was obtained. This product was recrystallized
from methanol to give 263 mg of the (+)-tartrate salt of levorotatory title product as a
white solid; mp 208.6-207.5°C; [elpha), = -36.2°. This salt (115 mg) was added to 50
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PCT/ 1 B96/ 00592 m. of saturated NaHCO err]. Ethyl acetate (5nL) was
added and the m xture was vigorously stirred 30 m nutes. The aqueous
phase was repeat edl racted with ethyl acetate. The or ga&l[gmm%g&
wer e conbi ned anf%ﬁ@ﬁ@é Wi th brine, dried over calcium |I'Tate, an
concentrated. The tan residue was recrystallized fromethyl acetate-hexane
5 to give 32 ng (39% of white, levorotatory title product; np

203-204[err]C, [apha][err] = - 58.9. Andk- Calc'd. for .
Clerr]Herr]NJerr]: C 73.37; H' 7.70; N, 428. Found: C, 72.61; H,

7.45; N, 4.21. The filtrate fromthe (+)-tartrate salt
preparation abov®ilyaksaturatedNakiEOx mmetate (Sl s adtledqunch the mﬂw"&sr]
and extract ed Weldgoliubl} stitdtsn mibates! The ko Qs iR et

were washed with Brine_ dried over calcium fate an ncent.rat ed to
gi ve 380 ng of r&ceiete asceloter The Qrpanie WMP?’QP‘“?‘SMWWQ?@F oqupgchum

material was shmhﬁdoﬁhd‘ahﬁted -Trvtinvresiduéwasretrysidl

(569 of pr odd1 ©aeRE e B o e Jevite 24*318 Mﬁg elpheﬁé

produce 239 ngy ofgjoke Anal. Caltld. feriC; HﬁNO,CG nmtnpwoau,mza.t Fournl: 0, 7dBtiH, 16
np 206. 5- 207. S[GLIHS'CN[EEPha] [err] = +33.9[err]. The latter was converted to
dextrorotatory ti * product in the manner above in 49%yield; np

204- 205C; [ al pha] [ er r Thedfiltrét8 frdircthe {-+)-tdriata salt prepafatiom ebove wasredted with 100 i,
N, 4.24.

(1S, 2S)-1-(4- hy3r oxyechgﬂ ero)us ZNYHAF%%'F OW de';l &ostate. The combined
4- phenyl pi per1Qi organjc exrpets WMMOJWW@WS@E&NWS
Sgl | ons of acet onegwé :%glnl‘é)gf Mfegeé ans fgpe\?ﬁﬁn% I'v?&d il Hhatofia'was
- hydr oxypr opi ofteatedrwith (¢-taytarie 74 !“Lp%meﬁﬂs above. After standing
' for 24 hours, filtration gave 320 mg (66%) of product which was further recrystaliized
from methanol to produce 239 mg of the (-)-tartrate salt of dexirorotatory title product;
16  mp 206.5-207.5°C [alpha], = +33.9°. The latter was converted to dextrorotatory title -
product in the manner above in 49% yield; mp 204-205°C; [alpha], = +68.4°. Anal.
Found: C, 72.94; H, 7.64; N, 4.24.

EXAMPLE 2
1S, =1-(4-h roxy-
20 _ ridin-yi)- I M S|
STEP1
o
Hs

25 0

Ha Benzylbromide

KaCO3

HO Acetone

A 60 gallon gless lined reactor was charged with 17.1 galions of acetone, 8.65
kilograms (kg) (67.7 mol) of 4'-hydroxypropiopherone, 8.85 kg (72.0 mol) of potassium
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benzyl brom de. The mi xture was heated to reflux (56[err]C) for 20
hours. Analysis of thin layer chromatography (TLC) reveal ed that t he

reacti on was esQSTHIMS, conpl ete. The suspension was at nosphePCTABI6POS2
coricentrated to a volume of 10 gallons and 17.1 gallons of water were
charged. The 5 suspension was granul ated at 25[err]C for 1 hour. The
product was filtered on a 30[err] Lapp -fd washed with 4.6 gallons of
water followed by a m xture of 6.9 gallons of hexane and 2.3 gall ons of
| sopropanol . After vacuumdrying at 45[err]C, this yielded 13.35 kg

(95.4% of ‘the afsenatbenccs,s iers (IS mo) of benzylbmnrdﬁetmdym_mmelﬁdrﬂ:;ed
glrjoc\(,emd utr e des c?i 'é%oo@g‘.") %%"épcﬁ?ﬁ?#& qjg{"ﬁﬁ&gg %%%%W r']%ﬁg;g that

above- depi ct ed thedesattionawasbessentially complet&TEFTh® suspbbsion was atmospherically

I[le;re]d react or wasngﬁgrr%eg Wwﬁ‘ﬁ%‘t“sﬁﬁgﬁ%@gﬁ&m@ ene C%%I‘I e anéass

28.2 kg (117.% rauspensiommgnamdm&aafasaeﬂmwput. Thecproduet wes filkeredon a 80" Lapp

stirred five m
reacti on was st :urﬁrrd u@h%ﬁ}éﬁb@s g?%@lw %\W?ﬂyﬂr evegfmg
that the reacti cand23 galkms of dsopropencl \Aften Mpcusmedrying atid§°Sothis vieded\d3.35 kg

charged 37 gall ) ot @boféldepidléd product” Xt ure was stirred for 15
m nutes. The me'?gil ene chI ori dé 'was separat ed and washed
run was carried out with 98 kg (66256 mol) of 4-

10 hydroxypropiophenone using the procedure described above. Aiter drying 16.1 kg
(96.3%) of the above-depicted product was obtained.
STEP2

15 0
CH, CHy

Br
Bl"a

Methylene chloride

Under a nitrogen atmosphere, a 100 gallon glass lined reactor was charged with

75 gallons of methylene chloride and 28.2 kg (117.5 mol) of the product from step 1.

25 The solution was stirred five minutes and then 18.8 kg of bromine was charged. The
reaction was stirred for 0.5 hours at 22°C. Analysis of TLC revealed that the reaction

was essentially complete. To the solution was charged 37 gallons of water and the
mixture was stirred for 16 minutes. The methylene chioride was separated and washed

with 18.5 gallons of saturated aqueous sodium bicarbonate. The methylene chioride

30 was separated, atmospherically concentrated to a volume of 40 galions and 60 galions
of isopropanol was charged. The concentration was continued until a pot temperature

of 80°C and final volume of 40 galions were obtained. The suspension was cooled to
20°C and granulated for 18 hours. The product was filtered on a éO' Lapp and washed



with 18.5 gallons of saturated aqueous sodi um bi carbonate. The nethyl ene
chloride 30 was separated, atnospherically concentrated to a volunme of 40
gal l ons and 60 gal |l ons of isopropanol was charged. The concentration
was continued until a pot tenperature of 80[err]C and flg?h_# J@“&ﬁ of
40 gall ons were UBOHMIR. The suspension was cooled to ’f d
granul ated for 18 hours. The product was filtered on a 30[err] Lapp and
washed WD 97/ 07098

PCT/ 1 B96/ 00592 -16- - 16- with 10
gal’l ons of isopropanol. After vaeuum'drying at 45[err]C th| s yi el ded 29 1
kg (77.69% of the above-depicted product. - STEP 3

[err] 10 with1 £0 galions of lwpmmuelr Aﬂqmvmmdmmsﬁm& mis yiejtied R9.1 bcu
glass lined rea @Eﬁgﬁ ot 90 kg (15.3 nol) of the product
fromstep 2,7.0§a E@go y ace?ate 2.70 kg (15.3 nol ) of

4- hydr oxy- 4- phe eridine and 1.54 kg of triethylamne (15.3 nol). The

solution was heated to reflux (77[err]C) for 18 hours. The resulting
suspension was 20 cooled to 20[err]C. Analysis by TLC reveal ed that the

reaction was Bssentially .conplete. The byproduct (triethylam ne
hydr obrom de salt) was filtered on a 30 Lapp and washed wth 4-6all ons
of ethyl acetate. The filtrate was concentrated under vacuumto a me
0
CH, H
Br 4-Hydroxy-4-
10 phenylpiperidine
Ethyl Rcetate
TEA

15
Under a nitrogen atmosphere, a 20 galion glass lined reactor was charged with
4.90 kg (15.3 mol) of the product from step 2, 7.0 gallons of ethyi acetate, 2.70 kg (15.3
mol) of 4-hydroxy-4-phenyipiperidine and 1.54 kg of triethylamine (16.3 mol). The
solution was heated to refiux (77°C) for 18 hours. The resulting suspension was
20 cooled to 20°C. Analysis by TLC revealed that the reaction was essentially complete.
The byproduct (friethylamine hydrobromide sait) was filtered on a 30" Lapp and washed
with 4 gallons of ethyl acetate. The filtrate was concentrated under vacuum to a volume
of 17 liters. The concentrate was charged to 48 liters of hexane and the resuiting
suspension granulated for 2 hours at 20°C. The product was filtered on a 30" Lapp
25 and washed with 4 gallons of hexane. After vacuum drying at 50°C, this yielded 4.9
kg (77%) of the above-depicted product. S
A second run was carried out with 3.6 kg (11.3 mol) of the product from step
2 using the procedure described above. After drying 4.1 kg (87%) of the above-
depicted product was obtained.



of 17 liters. The concentrate was charged to 48 liters of hexane and the
resul ting suspension granulated for 2 hours at 20[err]C. The product
was filtered on a 30[err] Lapp 25 and washed with 4 gallons of hexane.

After vacuumdrying at 50C, this yielded 4.9 kg (779 of
above- depi ct ed %{%?9.8 A second run was carried Ou%@gﬂ%mgs% kg

(11.3 nol) of the product fromstep 2 using the procedure described
above. After drying 4.1 kg (87% of the above- depi ct ed product was
obt ai ned. WD 97/ 07098 -17-

PCT/ | B96/ 00592 : -17- STEP 4
[err] 10 Under a nitrogen atnosphere, a 100 gall on

gl ass lined reaSIERP4was charged with 15 87.0 gallons of 2B ethanol and 1.7
kg (45.2 nol) of sodi um borohydride. The resulting solution was stirred

at 25[err]C and 9.4 kg (22.6 nol) of the product fromstep 3 was

charged. The suspension was stirred for 18 hours at 25-30[err]C Analysis
by TLC reveal ed that the reactignyas essentially conplete togfl
desired threo di ast er eoi soner. Jhe suspension was charged ¥
of water. Thé® suspensi on 20 was-condentrated under vacuumto a vo
40 gall ons. After granul ating@for

Sodium Borohydride
Ethanol

10

*"Threo isomer"

Under a nitrogen atmosphere, a 100 galion glass lined reactor was charged with
15 87.0 gallons of 2B sthanol and 1.7 kg (45.2 mol) of sodium borohydride. The resuilting
solution was stirred at 25°C and 9.4 kg (22.6 mol) of the product from step 3 was
charged. The suspension was stimed for 18 hours at 25-30°C. Analysis by TLC
revealed that the reaction was essentially complete to the desired threo
diasterecisomer. To the suspension was charged 7.8 liters of water. The suspension
20 was concentrated under vacuum to a volume of 40 gallons. Aiter granulating for 1
hour, the product was filtered on a 30" Lapp and washed with 2 gallons of 2B ethanol.
The wet product, 9.4 galions of 2B-ethanol and 8.7 gallons of water were charged to
a 100 gallon giass lined reactor. The suspension was stirred at reflux (78°C) for 16
hours. The suspension was cooled to 26°C, filtered on 30" Lapp and washed with 7
25 galions of water followed by 4 gallons of 2B ethanol. After air drying at 60°C, this
yielded 8.2 kg (86.5%) of the above-depicted product. This material was recrystaliized

in the folbwiné manner.
A 100 gallon glass lined reactor was charged with 7.9 kg (18.9 mol} of the
product from step 3, 20 gallons of 2B ethanol and 4 gallons of acetone. The
30 suspension was heated to 70°C producing a solution. The solution was concentrated
atmospherically to a volume of 16 gallons. The suspension was cooled to 26°C and
granulated for t hour. The product was filtered on & 30" Lapp. The wet product and
11.7 gallons of 2B ethanol was charged to a 100 gallon glass lined reactor. The



hour, the product was filtered on a 30[err] Lapp and washed with 2 gall ons

of 2B et hanol . The wet product, 9.4 gallons of 2B-ethanol and 8.7
gal l ons of water were charged to a 100 gallon glass |lined reactor The
suspension was stirred at reflux (78[err]C) for 16 hour s.

suspensi on was WRPWTOM, 25[err]C, filtered on 30[err] Lapp and wasﬁ/o%f’wlth
7 25 gallons of water.followed by 4 gallons of 2B ethanol. After air.
drying at 50C, this yi el ded 8.2 kg (86.5% of the above-depicted
product. This material was recrystallized -18 in the follow ng manner..

A 100 gallon glass lined reactor-was charged with 7.9 kg (18.9 nol) of the
product fromstep 3, 20 gallons of 2B ethanol and 4 gallons of acet OPEH"The

30 suspensi on vvamspmﬂ WWW&)QWQ'@“%I iSYPPEN$IRR Was ogp

concentrat ed gﬁh%ﬁ‘ tﬂdWﬂdWﬁ\@?ﬂlbﬁsﬁﬁiﬁeﬂﬁnolThﬁem Agi on
was cooled to 2 erl’ Panul ated f hour .. The product was
filtered on a 30#t&OP thlawdeﬁrﬁé {70,6%) i the ahgye-depicted produgh,| | ons of 2B

et hanol was charﬁﬁo a 100 gallon glass lined reactor. The WO
97/ 07098
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suspensi on was heated to reflux (78[err]C for 18 hours. The suspensi on was
cooled to 25[err] C, filtered on .;
C

O[err] Lapp and washed with 2
gallons of 2B ethanol. After air dr at 50[err]Cthis yielded 5.6 kg

(70.6%9 of the above-depicted produ STEP 5 [err]
- _ OH H
10 L
«Q/Hf*h He/10% Pd/C OH H
THF
H
H 3

*Threo isomer"
15

Under a nitrogen atmosphere, a 50 galion glass lined reactor was charged with

" 825 g of 10% palladium on carbon (50% water wet), 6.5 kg (13.2 mol) of the product

from step 4 and 15.5 galions of tetrahydrofuran (THF). The mixture was hydrogenated

20 between 40-50°C for 2 hours. At this time, analysis by TLC revealed that the reduction

"~ was essentially complete. The reaction was filtered through a 14" sparkler precoated

with Celite and washed with 8 gallons of THF. The filtrate was transferred to a clean

100 gallon glass lined reactor, vacuum concentrated to a volume of 7 gallons and 21

gallons of ethyl acetate were charged. The suspension was atmospherically

25 concentrated to a volume of 10 galions and a pot temperature of 72°C. The

suspension was cooled to 10°C, filtered on a 30" Lapp and washed with 2 gallons of

ethyl acetate. After air drying at 55°C this yielded a 3.9 kg (90%) of the above-depicted
product (.., the free base).



15 Under a nitrogen atnosphere, a 50 gallon glass |lined
reactor was charged with 825 g of 10% pal | adi um on carbon (50% wat er
wet), 5.5 kg (13.2 nol) of the product fromstep 4 and 15.5 gall ons of
tetrayrofuran (THF). The m xture was hydrogenated 20 between 4 IeANe
for 2 hours. At W8 e, anal ysis by TLC reveal ed that the rgﬁ%ﬁ{’l on

was essentially conplete. The reaction was filtered through a 14[err].

spar kl er precoated with Celite and washed with 8 gallons of THF. The
filtrate was transferred to a clean 10@-gal l on glass |lined reactor,
vacuum concentrated to a volune -of 7 gallons and 21 gal l ons of ethyl

acetate were charged. The suspension was atnospherically 25 concentrated
to a volunme of SIYEB® | ons and a pot tenperature of 72[err]C The
suspension was cooled to"10[err]C, filtered on a 30[err] Lapp and washed
with 2-.gallons of ethyl acetateg After air dryi ng at 55C t
a 3.9 kg (90% of the above- depi ct product (i.e., the-fr§

WD 97/ 07098 -
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D-(-)- STEP
6 5 oH O Tart. Acig) : D0 'gal | on
glass lined reactor was_efR , 20 g&HRNns of RAO ‘ 3.7 kg
(11.4 nol) of the produ ﬁtep 5 (i.e., the fred e) -tn he suspensi on
CHj CH3
was HO HO

. «Tartaric Acid

10
A 100 gallon glass lined reactor was charged with 20 gallons of methanol and
3.7 kg (11.4 mol) of the product from step & (.., the free base). The suspension was
heated to 60°C and 1.7 kg (11.4 mol) of D-{-)-tartaric acid were charged. The resulting
solution was heated to refiux (685°) for 3 hours after which a suspension fonnqd. The
15 suspension was cooled to 35°C, filtered on a 30" Lapp and washed with 1 gallon of
methanol. The wet solids were charged to a 100 gallon glass lined reactor with 10
gallons of methanol. The suspension was stired for 18 hours at 25°C. The -
suspension was filtered on a 30" Lapp and washed with 2 gallons of methanol. After
alr drying at 50°C this yielded 2.7 kg (101%) of the above-depicted product (i.e., the
20 tarteric acid salt of the free base {R-(+)-enantiomer)). This material was purified in the
{following manner:
A 100 galion glass lined reactor was charged with 10.6 gallons of methancl and
2.67 kg (5.6 mol) of the above tartaric acid salt. The suspension was heated to reflux
(80°C) for 18 hours. The suspension was cooled to 30°C, filtered on a 30" Lapp and
25 washed with 4 gallons of methanol. After air drying at 50°C, this yielded 2.06 kg
(76.7%) of the above-depicted product (i.e., the tartaric acid salt of the free base).



heated to 60[err]C and 1.7 kg (11.4 nol) of D (-)-tartaric acid were
charged. The resulting solution was heated to reflux (65[err]) for 3
hours after which a suspension fornmed. The 15 suspension was cooled to
35[err]C, filtered on a 30[err] Lapp and washed with 1 gallon %&‘3 96/00592
net hanol . The weWOSHPT® were charged to a 100 gallon glass Ii 0%,

with 10 gal | ons, of nethanol. The suspension was stirred for 18 hours
at 25[err]C. The suspension was filtered on a 30[err] Lapp and washed
with 2 gallons of nethanol. After air-20rying at 50[err]C this yielded

2.7 kg (101% of the above-depicted product (i.e., the 20 tartaric acid
salt of the free base (R (+)-enantioner)). This material was purified in

t he f ol | owiSEERdRNner : A 100 gallon glass lined reactor was
charged with 10.6 gall ons of nethanol and 2.67 kg (5.6 nol) of the
above tartaric acid salt. The suspepeR@n was heated to refl ux
(80[err]C for 18 hours. The suspeng§ was cooled to 30 C, filt
30[err] Lapp and 25 washed with 4 g s of nethanol. After air

50[err]C, this yielded 2.05 k% . 7% of the above- d&ﬁ)i ct 96 uct
(i.e., the taPtaric acid salt fo B8 baswupHCo 30
To_}‘a 06/ 00592

97/ 07098
- 20- STEP 7 [err]
CHq
: H H

«Tartaric RAcid

10
A 55 liter nalgene tub was charged with 30 liters of water and 1056 g (12.6 mol)
of sodium bicarbonate at 20°C. To the resulting solution was charged 2.0 kg (4.2 mol)
of the product from step 6 (i.e,, the tartaric acid salt of the free base). The suspension
was stirred for 4 hours during which a great deal foaming occutred. After the foaming
16 ceased, the suspension was filtered on a 32 cm funnel and washed with 1 galion of
water. After air drying at 50°C, this yielded 1.28 kg (93.6%) of the above-depicted
product (i.e., the free base). ' .

" STEP 8
20
OH H msom OH OH
Hg0
- Hm:a am; :z::sooaﬂ

A 22 liter flask was charged with 1277 g (3.9 mol) of product from step 7 and

14 liters of water. The suspension was warmed to 30°C and 375 g (3.9 mol) of

30 methane sulfonic acid were charged. The resulting solution was warmed to 60°C,
clarified by filtering through Celite and washed with 2 liters of water. The speck-free
filtrate was concentrated under vacuum to a volume of 6 liters. The suspension was
cooled to 0-5°C and granulated for 1 hour. The product was filtered on a 18" filter



10 A 55 liter nalgene tub was charged with 30 liters of water and
1056 g (12.6 nol) of sodi um bi carbonate at 20[err]C. To the resulti ng
sol ution was charged 2.0 kg (4.2 nol) of the product fromstep 6 (i.

the tartaric acid salt of the free base). The suspension \N?ET

for 4 hours dur %Wpﬂ?h a great deal foam ng occurred. After @ggﬁnﬁgg
15 ceased, the suspenS| on was filtered on a 32 cm funnel and washed with 1

gal | on of water.- After air drying at 50[err]C, this yielded 1.28 kg
(93.5% of the above- depi ct ed product ¢21-e., the free base). STEP 8
20 [err] - 25 A 22 liter flask was
charged with 1277 g (3.9 nol) of product fromstep 7 and 14 |litersof

water. The sus p&mbmdmshﬂrﬂﬂ'dsaﬁinl%q speck-free wates.7 th" elp dryingoat)263€ fop 18

met hane sul f oni w

60[ err]-C, %Fg"rirﬁwﬁgge& Gla?l%gﬁhr oub\LeL‘!OéLg te %ﬁg&mﬁﬁﬁg shl?
liters of water trlhvﬂwdpeck free filtrate was concentrated under vacuum
to a volune of 6 liters. The suspension was . cooled to O-5[err]C and
granul ated for 1 hour. The product was filtered on a 18[err] filter

WD 97/ 07098 )

PCT/ 1 B96/ 00592 -21- funnel and
washed with 635 m of speck-free water. After air drying at 25C for 18
hours, this yielded 1646 g (88% of the above-depicted product (i.e., the
mesylate salt trihydrate).
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1. (1S, 29)- - (4- hydr oxyphenyl ) - 2- ( 4- hydr oxy- 4- phenyl pi peri di n-1-yl)-1-
propanol net hanesul fonate tri hydrate. 2. A pharma | C
conposition for VRATA®:t nent of a di sorder selected 5 from d&%@i@ﬁ&bﬁ%e
CNS di sorders such as stroke, Alzheiner's disease, Parkin |

and Huntington's disease; epilepsy, anxiety, cerebral ische scul ar
spasnms, nultiinfarct denentia, traumatic brg2-n injury, pai nnm 'Immum

denenti a, hypogl ycem a, m grai ne, anyotrophic |ateral
and al cohol addiction, drug and al cohol w'thdr avvaI synpt ons, psycho ic*
conditions and urinary incontinence in a QbAMSmmal, conprising an NVDA

e o S R S i

3. A phar mcemmmolmgswmmmdm treatment of a disorder selected

from degenerati ve CN dIS @ﬁl’qﬁ "?ggrg&ﬁo Fﬁhﬁ&k sorder
Par ki nsgn S di s?ase an nting ton | seasg‘ezt O?a(yzimm et%aleﬁted
cerebral i sch8ni #om tdegengrative IGNS ﬂﬁ&!ﬂ?&s sH‘ih 2% Shgkey éi pfsgasq,rP

brain injury, pajigeas!dnd Hﬁhﬁg&sﬁ'ﬁeﬂﬁﬁd géél‘él:ﬁﬂ‘ Bchdhif]" ﬁtu&ﬁ‘lar
anyotrophic |ateral scl erosi s, g,&a'and aI gohol addi ct i O:A,l%éjr ugﬁé
al cohol wi t hdr ansRasggyuitintarct, traurpplie bralpJajugy, PaiR. eHﬁ'ﬁhce
in a i [rarm:aI Wﬂérhﬁl rﬂlﬁrﬁﬁb mbtffd h:ﬁlatbh&dédé‘t wtdmgtaadwﬁuééaaac?ﬁ , drug q
according to c a ective in treatin C i S er an a
phar maceut i cal | y W’E‘H?'W@PI °"§39'?ﬂ3'ﬂ igponfipenge;
gj scr)]r der sel g@t ed\afﬂhwnodmpﬁﬂﬂgaiNMBA@ﬁgomzmg dfamm mnsofcﬂibtﬁbydgitbﬁieeyme

zhei ner's dise ns e an tin | sease;
epi | epsy, anxi et @F%%P@T%‘P c?%rg dsa Sﬁ@éﬁq@ﬁ@ %&?ﬁﬁvr nf ar ct
denenti a, traumed.i c tkphatmangtmcqi eq)'mosmou\fd)mermm of avxlisarder, selected
hypogl ycem a, m gg &m% bE diglbbd
al cohol addi cti on, dﬁb@a an oho% %Hr aml%%é@rgrp msdi sycho s ns
condi ti ons and udismeyandwwntinmgiw«a epilepsy amdelypeerebraljischemia, museular
admi ni St eri NGyg: Ogisibins, FRHroP BeMBRe trainatc! ralrl it i ADS Ybyaiol cilenta,

according to ective Ln_ treating suc d| sqr der.

5. A method of hyRaglycemia, migsine anwptraphiciatetalsclaresis. daigand alcohol adgiction, drug
di sorders such amemwwﬁmwmﬁmﬂlpsmﬁcmhaaMumwmeaaiaemna

H 30 _di I b h

Spaste. mil ¢ | nt KGR Pbo SR ahoudl syl oty gef Aol ol
rel ated dementi ajs Wiyﬂdw,eﬁ@i&aﬂumdaphamwﬂhcaﬂmebhbbmher
sclerosis, dryg and alcohop RabE dsWeatify P dbdfbie? | soRBRH Worh"ddgiielative CNS

disorders such as stroke, Alzheimer's disease, Parkinson's disease and Huntington's
disease; epilepsy, anxiety, cerebral ischemia, muscular spasms, multiinfarct dementia,
traumatic brain injury, pain, AIDS related dementia, hypoglycemia, migraine,
amyotrophic lateral sclerosis, drug and alcohol addiction, drug and alcohol withdrawal .
25 symptoms, psychotic condltions and urinary incontinence in a mammal, comprising
administering to said mamma! an amount of the trihydrate mesylate salt according to
claim 1 that is effective in treating such disorder.
§. A method of treating a disorder selected from degenerative CNS
disorders such as stroke, Aizheimer's disease, Parkinson's disease and Huntington's
30 disease; epilepsy, anxiety, cerebral ischemia, muscular spasms, multlinfarct dementia,
traumatic brain injury, pain, AIDS related dementia, hypoglycemia, migraine,
amyotrophic lateral scierosis, drug and alcohol addiction, drug and alcohol withdrawal
symptoms, psychotic conditions and urinary incontinence in a mammal, comprising



synptons, psychotic conditions and urinary incontinence in a mammal,

conpri si ng WO 97/ 07098
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admi ni stering to said manmal an NVDA ant agoni zi ng amount of the trihydrate
mesyl at e salWoRH®9&i ng to claim 1. 6. A et h&§T 0592
treating Parkinson's disease in a mammal, conprising admnistering to

said mammal a Par ki nson's disease treating effective anou _
synergi stic conbination of the nesylate salggtrihydrate agmmll"ﬂ““mlmmm
1 of (1S, 2S)-- s o+

1- (4- hydr oxyphenyl) - 2- ( 4- hydroxy 4- phenyl pi peridin-1-yl)-1-propanol and.an

agent capabl mmwﬁwmmlmmﬁg&m QRS Bietrifhyirdbmekyldts OM

t he ventral Iaterai l.{C| s of the thalanus into the cortex.
7. A nethod ofSatasseming e dson's disease in a mamml, conprising 10

treating said manmal 6uM t h Aamietholdi ofstesating mm&stdimttmgaeihm,\&mugt

o ol aitn 1 and cfennsualNq S0l Hiomlat  EaRpS ke ko M Suriif ofa ™

;rom the group cmmﬁcmmﬁmdammmhmemmm T (18, 28,
D2

opar e, B2, 2900} yersGRYY ki prorR¥RBR L) L BRBRAA sRE° B et

agoni sts, adr enosapeblet ofrestgring ﬂ'@sbalmrquhaamwongfeedback from the ventral lateral

ant agoni St/dOPa”l\%ﬁ%‘Pﬂ%efthﬁlamLﬂrﬁ& tiesdrexer gi ¢/ dopani ne D2 agoni st s,

dopam ne upt ake I nhi bitors, nobnoam ne oxi dase inhibitors, nobnoam ne
oxi dase-B i nhibitors,7 CC]\/IT\ method; gftreating Rarkinaen’s ispasp dn & mammal, compgising A

met hod of cl aiom Merﬁm mﬂaxm taabakmséﬁsedhasé@ Cbﬁ&ﬂ@é]%ﬁfouﬁtooi )
i Sor dbr bei ng  PERraRYe combialon 3 the Gamiats sk iydrats according o oyt andan'©
nmet hod accor di ngexcitatohpiesdidack’ irdm erhanéing abbm ﬁlmdimsmbmbrwohps @ohsisting of
's traumatic br a| n \ %g ra\éor?lgtsc %Eg%%e 61S agorTsts dopamine D2 agonists, dopamine/B-
'adrenergic receptor agonists, dopamine/S-HT uptake inhibitor/6-HT-1A agonists,
15 dopamine/oplate agonists, adrenoreceptor agonists, g2-adrenergic
antagonist/dopamine agonists, a2-adrenergic/dopamine D2 agonists, dopamine uptake
inhibitors, monoamine oxidase inhibitors, monoamine oxidase-B inhibitors, COMT
inhibitors and levodopa.
8.  Amethod of claim 7 wherein said excitatory feedback enhancing agent
20 s levodopa.
9. A method according to claim 4 or 5, wherein the disorder being treated
is Parkinson's disease.
10. A method according to claim 4 or 5, wherein the disorder being treated
is traumatic brain injury or cerebral ischemia.



