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Salt formation provides a means of altering the physicochemical and resultant
20  Dbiological characteristics of a drug without modifying its chemical structure. A salt
form can have a dramatic influence on the properties of the drug. The selection of a
suitable salt is partially dictated by yield, rate and quantity of the crystalline structure.
In addition, hygroscopicity, stability, solubility and the process profile of the salt form
are important considerations. The identification of a salt form that exhibits a suitable

25  combination of properties can be difficult.

Solubility is one important characteristic of a salt form that can affect its

suitability for use as a drug. Where aqueous solubility is low, i.e. less than 10 mg/ml,

30 the dissolution rate at in vivo administration can be rate limiting in the absorption
process leading to poor bioavailability. Hygroscopicity is also an important

characteristic. Compounds having low hygroscopicity tend to have better stability and
easier processing. '
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20 In further embodiments of the present invention are provided methods of
treating patients suffering from depressién (include, but not limited to, major
depressive disorder, bipolar disorder, and dysthymia), anxiety, panic disorder,
generalized anxiety disorder, post traumatic stress disorder, premenstrual dysphoric
disorder, fibromyalgia, agorophobia, attention deficit disorder (with and without

25  hyperactivity), obsessive compulsive disorder (including trichotillomania), social
anxiety disorder, autism, schizophrenia, obesity, anorexia nervosa, bulimia nervosa,
Gilles de la Tourette Syndrome, vasomotor flushing, cocaine and alcohol addiction,
sexual dysfunction (including, but not limited to, premature ejaculation), borderline
personality disorder, chronic fatigue syndrome, urinary incontinence, pain (including,

30  but not limited to, migraine, chronic back pain, phantom limb pain, central pain,
neuopathic pain such as diabetic neuropathy, and postherpetic neuropathy), Shy
Drager syndrome, Raynaud's syndrome, Parkinson's disease, and epilepsy
comprising providing to a patient an effective amount of ODV succinate. oDV

succinate can also be administered to prevent relapse or recurrence of depression, to
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15 disorder (including trichotillomania), social anxiety disorder, autism,
schizophrenia, obesity, anorexia nervosa, bulimia nervosa, Gilles de la Tourette
Syndrome, vasomotor flushing, cocaine and alcohol addiction, sexual
dysfunction (including, but not limited to, premature ejaculation), borderline
personality disorder, chronic fatigue syndrome, urinary incontinence, pain

20 (including, but not limited to, migraine, chronic back pain, phantom limb pain,
central pain, neuopathic pain such as diabetic neuropathy, and postherpetic
neuropathy), Shy Drager syndrome, Raynaud's syndrome, Parkinson’s disease,

and epilepsy.

25 The present invention also provides a use of ODV succinate or a mixed
salt thereof in the manufacture of a medicament for the treatment, prevention,
relapse or recurrence of depression, to induce cognitive enhancement, to treat
cognitive impairment, and in regimens for cessation of smoking or other tobacco

30  Uses.

The present invention also provides a use of ODV succinate or a mixed
salt thereof in the preparation of a medicament for the treatment of
hypothalamic amenorrhea in depressed and non-depressed human females.
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based upon 100% total weight of ODV succinate in the pharmaceutical composition
15 (or the total weight of crystalline ODV succinate in the pharmaceutical composition).

Another embodiment is a method for preparing the free base of O-desemthyl-
venlafaxine by demethylating venlafaxine or a salt thereof with an alkali metal salt of a
trialkylborohydride.
20
BRIEF DESCRIPTION OF THE INVENTION

Figure 1 is an X-ray powder diffractogram (XRPD) of Form | of ODV succinate
prepared in Example 7.

Figure 2 is an XRPD of Form Il of ODV succinate prepared in Example 8.
25 Figure 3 is an XRPD of Form Il of ODV succinate prepared in Example 9.
Figure 4 is an XRPD of Form IV of ODV succinate prepared in Example 10.
Figure § is an XRPD of the amorphous form of ODV succinate prepared in
Example 11.

Figure 6 are differential scanning calorimetry (DSC) analyses of Forms |, 1I,
30 and IV and the amorphous form of ODV succinate from 25 to 250° C in hermetically-
sealed pans at a scan rate of 10° C/minute under a nitrogen purge.
Figure 7 is an XRPD of Form | of the ODV succinate prepared in Example 1.
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BRI EF DESCRI PTION OF THE I NVENTION Figure 1 is an X-ray powder
diffractogram (XRPD) of Form | of ODV succinate prepared in Exanpl e 7.

Figure 2 is an XRPD of Form Il of CODV succinate prepared i qm 25
Figure 3 |§V§n XRPD of Form 11l of ODV succinate prepared i e 9.
Figure 4 is % of Form IV of ODV succinate prepared iPeTESaMpI@E 10.

Figure 5 is an XRPD of the anorphous form of ODV succinate prepared in
Exanple 11. Figure 6 are differential scanning calorinmetry (DSC) anal yses
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15 Figure 14 is a reaction scheme for preparing the free base of O-desmethyl-
venlafaxine from venlafaxine with L-selectride.

DETAILED DESCRIPTION OF THE INVENTION

Definitions

20 The term "about" generally means within 10%, preferably within 5%, and more
preferably within 1% of a given value or range. Alternatively, the term “about” means

within an acceptable standard error of the mean, when considered by one of ordinary
skill in the art.

25 The term "monohydrate” as used herein refers to a hydrate in which one
molecule of water is associated with each molecule of ODV succinate.

The term "hemihydrate" as used herein refers to a hydrate in which one
molecule of water is associated with every two molecules of ODV succinate.
30 )
The term "treat” as used herein refers to preventing, amelliorating, controlling,
or curing the desired symptoms or disorders.



Definitions 20 The term "about" generally nmeans within 10% preferably
within 5% and nore preferably within 1 % of a given value or range.
Alternatively, the term"about” neans wthin an acceptil g\ g8dard error
of the mean, when consi dered by one of ordinary skill EE/\HEI% aLt. 25 The
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nol ecul e of water is associated wth each nol ecul e of ODV succinate. The
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nol ecul e of water is associated with every two nol ecul es of ODV succi nate.
30 The term"treat" as used herein refers to eve ting,  anelliorating,
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Succinic acid salts of O-desmethyl-venlafaxine exist as enantiomers and this

10

invention includes racemic mixtures as well as stereoisomerically pure forms of the
same. The term "ODV succinate" as used herein refers to racemic mixtures and
stereoisomerically pure forms of ODV succinate, unless otherwise indicated.
15

The term "stereoisomerically pure” refers to compounds which are comprised
of a greater proportion of the desired isomer than of the optical antipode. A
stereoisomerically pure compound is generally made up of at least about 90% of the
desired isomer, based upon 100% total weight of ODV succinate.

20
Succinic acid is a dicarboxylic acid and the invention therefore includes both

salts in which the ratio of O-desmethyl-venlafaxine to acid (by mole) is 1:1 (i.e., a
monosuccinate) and salts in which the ratio of O-desmethyl-venlafaxine to acid (by
mole) is 2:1 (i.e., a bis isuccinate), as well as mixed salts, with for example an alkali
25 metal or ammonium cation. The invention also includes mixtures of ODV succinate
and the free base of O-desmethyl-venlafaxine. The crystalline polymorphs (i.e. Forms
I, 1l, M, and IV) and the amorphous form of ODV succinate discussed below are
monosuccinate salts, i.e., the molar ratio of O-desmethyl-venlafaxine to acid is 1:1.
Salts of the present invention can be crystalline and may exist as more than one

30 polymorph. Each polymorph forms another aspect of the invention. Hydrates as well
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pr epail@d @Wstﬁ”'lz@téﬂnlﬂl%?@ aFBWDETaﬁIg% Ifclﬂnwad b lceeintlled dommgo‘mﬂef?bl?'ld may be

obt ai ned Bjagey. aFIQifré\‘hll eontref oﬁ@r’@@upﬂétnoﬁ'tlsnﬁ&a?ﬁ@ a'ﬁ@léé%afh GhaP¥e IR
ures %on ro?lea coollng,

cr stalllzatlon at r
pr )éf er abl >}m?rﬂve the reproc?uc%lll?y oft tﬁe prod%ctlon process and the partucle size distribution

and form of the product.

20 Accordingly this invention also provides a process for preparing a O-desmethyl-
venlafaxine succinate or a polymorphic form thereof which comprises one of the
following:

a) reacting succinic acid or a pharmaceutically acceptable mono-salt thereof with O-
desmethyl venlafaxine free base; at least one of said acid and base being in

25 solution and if desired converting a monosuccinate salt formed to a mixed

pharmaceutically acceptable salf;

or

b) dissolving O-desmethyl-venlafaxine free base and succinic acid in aqueous
acetone and cooling the resulting solution over a period of about 3 hours or longer

30 to yield Form | O-desmethylvenliafaxine monosuccinate;
or
C) preparing a slurry containing

(i) Form | O-desmethylvenlafaxine monosuccinate and



stages. Careful control of precipitation tenperature and seedi ng may be
used to inprove the reproducibility of the production process and the
particle size distribution -and formof the product. 20 Aﬁ \pmly this
invention also provides a process for preparing a 0-des ﬁ@ nl af axi ne
succi nat eWer246458 ynor phi ¢ form t her eof whi ch conpri sesPeHESB41%e

follow ng: a) reacting succinic acid or a pharmaceutically acceptable
nono-salt thereof with 0- desnethyl venl afaxine free base; at |east one of
said acid and base being in 25 solution and if desired converting a
nmonosucci nate salt fornmed to a m xed pharmaceutically acceptable salt; or
b) di ssol vi ng 0- déidnet figim Jieen Bdraxilin@-des@ethiixeriafarne SRnesyscipalgc Pl & n
aqueous acetone and coglpiing thrsorrvagul ting sol ution over a period of about 3
hours or longer 30 to yield Form| O-desnethyl vepl afaxi ne nosucci nat e;

or c¢) preparing &l uP¥‘§ﬁ0%rﬁcﬁ{°H'itrH% TirT'X'gEer ﬁlacﬁgaﬁg%ﬁnﬁy"f’ Ehi gF &i ne
nonosucci nate and 6 WOn{2ie @ bihandl BidbidRieRESRT AviientadrmpBatura;) Form 11 or Form
11 O-desnethyl venl af axi i ! ereof; with (iii)
acetone?’ a@@gger?f”{ernp g%g’ﬂﬁe@ @?Eaggéﬁ%h?%enﬁf?ﬁeemgﬁéﬁ \[/"\g?éet‘l?nI or a mxture of
et hanol andrtol uene at anbient tenperature; 5 and recovering crystalline

Form | O- desrmebhybtiRnh abRbMer RBRPE BCddsRdtifivenBfaxip RYGRAE Alskdigedinsol uti on
of Form | O-desnethyl venl af axi ne sgcc nat e di ssol éed in acetone to give

i
Form || O destfBloRg Qv Beakll Reresmetyivepi@axing SUCElal®y ool ing either a
saturated aeetone solution or a 95:5 v/v ethanol :water solution of Forml

0-des me1t0hy le\f ec%lo wfgaé(l{.hg? a BIlPRS g&e'?cﬁﬂteesoh(ﬂorg EVS 9%.%r W Ie{haﬂélzwater solution of
Form | O-desmethylvenlafaxine monosuccinate to give Form I O-
desmethylvenlafaxine monosuccinate; ‘

f) adding an antisolvent to a solution of Form 1 O-desmethylvenlafaxine
15 monosuccinate to precipitate Form Il of O-desmethylvenlafaxine monosuccinate;

g) evaporating a solution of Form | O-desmethylvenlafaxine monosuccinate in water
to give Form If O-desmethylvenlafaxine monosuccinate;
or
20 h) evaporating a solution of Form | O-desmethylvenlafaxine monosuccinate in
acetonitrile or ethanol/lhexanes or ethanol/chloroform to give Form Il O-
desmethyivenlafaxine monosuccinate;
or
i) cooling of an aqueous or aqueous/acetone solution of O-desmethylvenlafaxine
25 monosuccate by applying a vacuum and/or an ice or ice/water bath to give Form |l
O-desmethylvenlafaxine monosuccinate;
or
j) subjecting the amorphous form of O-desmethylvenlafaxine succinate to 75% or
greater relative humidity to give Form il O-desmethylvenlafaxine monosuccinate
30 monochydrate;
or
k) ball miling or cryo-grinding Form | of O-desmethylvenlafaxine succinate to give
Form Ill O-desmethylvenlafaxine monosuccinate,

or



desnet hyl venl af axi ne nonosucci nate; or f) adding an antisolvent to a
solution of Form | O-desnethyl venl af axi ne 15 npbnosuccinate to precipitate
Form 11l of O0-desnethyl venl af axi ne nonosuccinate; or @) evaporaiting a
solution of Form | O-desnethyl venl af axi ne nonosucci nate 1@ ﬁ%\( to give
Form || OVGégmEf+dy| venl af axi ne nonosucci nate; or 20 h) pevapa@iang a
solution of Form | O-desnethyl venl af axi ne nonosucci nate in acetonitrile or
et hanol / hexanes or ethanol/chloroformto give Formll O-
desnet hyl venl af axi ne nonosucci nate; or i) cooling of an aqueous or
aqueous/ acetone solution of O desnethyl venl af axi ne 25 nonosuccate by
appl yi ng al)vaburyingagataloameunts ot Forms ¢ enddlt Ordebratthylveniafaxiee Botdnatd in
0- desnet hyl v i j v QL e SHbEectin he , anmor.phous form
of 0 desmet hyLvonL HRATRREnRLARLE o 8 obol b LRI S el (G4 R i 1y "t o
gi ve Form || daysleBieeng\and drptdatie mesultivgsolitior adime suffBienbtrogivedFartrely or  or
k) ball mllicgesHet®NeArRfEindthdHdsiidid: of O-desnet hyl venl af axi ne succi nate
to give FormI1l O-desnethyl venl af axi ne nonosucci nate; 7 WD 02/ 064543
10NOV2i® PC?7 US02/ 04 103 ) slurrying equal anmounts of Fornms | and 11
(()- des rrEt hyhﬁiﬁ% ;Eb?m ne, IH,Lm'G}/@H&méthyl‘%?ﬁféb{iﬁeﬁrubéhgat@,tor%' r]gmtr@m_eﬁe%mer gt ure
e. g about r. several days (e. g ei_ght ay il]terjng, an
heating t h® Pedult l?naé'%sg?qllagftg? g'eﬁi foe oy ]aﬁgripg?ﬁs t%é%ﬁ%LWHq%We

0- desnet hy$uceinbigfasd gizssnonosucci nat e;

10 Forml
Crystalline polymorph Form | of ODV succinate is a monohydrate and is stable
at room temperature. Form | is physically stable up to at least about 105° C and at 5-
95% relative humidity. According to differential scanning calorimetry (DSC), Form |
has an endotherm at about 131° C (see Figure 6). Form | of ODV succinate has an
15 XRPD pattern substantially identical to that shown in Figures 1 (ground Form I) and 7
(unground Form 1). Peak locations and intensities for the XRPD pattern in Figure 1
are provided in Table 1 below.

Table 1
20 Characteristic XRPD Peaks (expressed in degrees 248 + 0.2° 26) and Relative
Intensities of Diffraction Lines for Form | of ODV Succinate
Degrees 20+ 0.2° 26 4
10.20 17
14.91 12
20.56 18
22.13 11
23.71 13
24.60 14
25.79 100

In particular, the peaks (expressed in degrees 26 + 0.2° 26) at 10.20, 14.91, 20.56,
22.13, 23.71, 24.60, and 25.79 are characteristic of Form I.
25



5 or heating Fornms I, II, 111, or IV O-desnethyl venl af axi ne succi nate, or
m xture thereof to forma nelt and cooling the nelt to form anor phous

0- desnet hyl venl af axi ne succinate as a glass. 10 Form| §%owl e

pol ynor ph Forml of ODV succinate is a nonohydrate and i table at room
t enper at UWBO2BYPHR | is physically stable up to at |east Pii@@{’ 448 c and at
5- 95%relative humdity. According to differential scanning calorinetry
(DSC), Form | has an endotherm at about 131 C (see Figure 6). Form|l of
ODV succi nate has an 15 XRPD pattern substantially identical to that shown

n Figures 1 round Form | ungr o Peak | ocations and

i onal T Tos T oTFOL! mrevs, EpaR from EPoirbase af B he e RS 3

tngl) OW. dT%bll‘dﬂoﬂs Zth(IQ’raé daseeof G—ﬁemé(ﬁ%}?&erﬂefak;se @ed puahdesakid ane dtksolwfe@m 20 0.2
an el at| ve nten

Sabcinat o BRIsPUE acBhE " StrisoRRyflo, Bl aRay udrbFfe uBereb3 Rrhg' a7 | o

24. 6014 25bweddEts, r$U1:Ja|a§|tbQﬁea¢r0dqqqé doerd $he( éB@pﬁ!@?)@béf ihe fCP@g?@éstZB- 0.2 20)

at 10. 2§, J}ésn%hylzgnléf@xmeza'hé@olut%% id ﬂaen%&m% §5 1B R &héﬂg%ﬁ-)t eristic
of Form | WO 02/ 064543 / US02/ 4 Form | be

pr epar ed fFOOYﬁ"F ﬁ@rmr'@é %\ééu‘iﬁ’f"a@ dBWﬂ? &R é‘?ﬁy r§§°"efeﬁll tfyo . The

free base gktioddasweinttyiéastenl af axi ne and succinic acid are dissolved in
aqueous acetone. The resulting solution nmay optionally be filtered to
remove any

Form | can also be prepared by preparing a slurry containing (a) Form | and (b)

10  Form Il, Form Ill, or a mixture thereof with (c) acetone, acetonitrile, a mixture of
acetonitrile and water (e.g., a 9:1 mixture), or a mixture of ethanol and toluene (e.g., a
1:1 mixture) at ambient temperature.

Any crystals prepared by the aforementioned methods may be recovered by
15  technique known to those silled in the art, such as, for example, filtration.

Form I
Crystalline polymorph Form 1l of ODV succinate is a monohydrate and is more
thermally stable than Form lil. According to DSC, Form Il has an endotherm at about
20 127° C (see Figure 6). Form Il of ODV succinate has an XRPD pattern substantially
identical to that shown in Figure 2. Peak locations and intensities for the XRPD
pattern in Figure 2 are provided in Table 2 below.

a



byproducts, such as those produced during the preparation of the free base
of 0 5 desnethyl -venl af axi ne. The solution is then slowy cooled (e.g., for
3 hours or longer) to yield FormI| of ODV succinate. The Crﬁﬁ}ihé of Form
| may be recovered by any nethod known in the art. Form# o0 be
prepared BYO P¥¥HPing a slurry containing (a) Form | andPCHYS020@1080rm |1,
FormlIll, or a mxture thereof with (c) acetone, acetonitrile, a m xture of
acetonitrile and water (e.g., a 9:1 mxture), or a mxture of ethanol and
toluene (e.g., a 1:1 mxture) at anbient tenperature. Any crystals
prepared by the aforenenti oned net hods may be recovered by 15 technique
known to those silted in the art, sugiplag, for exanple filtration. Forml I
Crystal l i ne pol ynorph FoIn1LI of ODV sycc ccanate i s D ohgdr %e and is nore

thermal |y st al#@racieisticfRiD Peaks (gressed n L e % endot herm
at about 20 127 C (Seﬂhté‘_risﬁiééafﬁlffradﬁ@lﬁ Tinkd foﬁFomVoSODVIS’m&élﬁatBaS an XRPD
pattern substant i-ay—dentica hat—showr—-A—Fgure—2—PPeak | ocati ons
and intensities for thRPORRESHE ﬁgtzc é"r‘gn in Figure 2 Uee | provideéd in Table 2
bel ow. 9 WO 02/ 064543 TONOVigeHCIT7 US027 04103 Tabl e22 tﬁaract¢r|st|c XRPD
Peaks (expressed H-h—degrees °$ 0229y —anf—Relat+ve—thtensiti es of
Diffraction Line$ for Form | :f_ & oDV Succ| nate Degjﬁees 29 0)2 291/1,
10. 2522 13.1814 14.0410 14. 34865 14.6618 1p. 6852 171®729 19. 2429

14.35 35

14.66 18

16.68 52

17.67 29

19.24 29

20.38 16

2056 . 25

23.41 24

23.78 16

24.57 13

25.13 10

25.80 100

31.78 14

5 In particular, the peaks (expressed in degrees 26+ 0.2° 26) at 13.18, 14.04, 14.35,
14.66, 16.68, 17.67, 19.24, 25.13, and 31.78 are characteristic of Form H.

Form Il can be prepared by rotary evaporation of Form | dissolved in acetone.

10 Form Il can also be prepared by slow cooling of either saturated acetone or
95:5 ethanol:water solutions of Form | of ODV succinate. According to one
embodiment, slow cooling is performed as follows. A mixture of the solvent and Form
I of ODV succinate is prepared and heated and stirred on a hotplate (preferably set at
60-75 "C). Solvent is added until the ODV succinate is nearly all dissolved. The

15  resulting mixture is optionally filtered (e.g., through a 0.2-um nylon filter) into a clean
vial pre-warmed, preferably on the same hotplate. The heat source is turned off, and

-10 -



20. 3816 20.5625 23.4124 23.7816 24.5713 25.1310 25.80100 31.7814 5 In
particul ar, the peaks (expressed in degrees 29 0.2 29) at 13.18, 14.04,
14.35, 14.66, 16.68, 17.67, 19.24, 25.13, and 31.78 arq ¢chov oseristic of
Formll. Formll can be prepared by rotary evaporation of Form./l_dissolved
in acetoQ0A@+H3rm || can al so be prepared by slow co&qTﬁ%SOH?“g:lther
saturated acetone or 95:5 ethanol:water solutions of FormI| of CDV

succi nate. According to one enbodinent, slow cooling is perfornmed as
follows. A mxture of the solvent and Form | of ODV succinate is prepared
and heated and stirred on a hotplate (preferably set at_ 60-75 'C). Sol vent
i s added umg inotpldie aBDWia wox alimted th Topletarambiert |terapesaiyrey edhe viakisithen esul ti ng

mxture | SRRy Bhaid ol ddi Sohylfartte ovbigRt SPncecaZammsnbed, i) 1t o, 3

clean viaf pre- era on the sanme_hotplate. The h source is
turned of fis piased in@ refoogsater (anablereiens 48Y-pAFAINSHD? 65‘?63'"? H%“%‘?%ﬁé? e and

vial are a\'/iél(?ér(‘g@céd)irpﬁcfﬂeei& faiTiY et ohedper Ahyiselids Hne remaded iby viabeum  al | oved
to stand at anbient te rat yre overni d 1 : ted, the
Va6 pileeiea T aUOFET H Ger oF e vaer i iRk SRghEs, Shgurarhe O TG
are gener aiahgnt ishellowsdato peapptate eahdi the progegereeis Fapated Wit fwptigh@nday. Any
solids are {efﬁga)'ved by vacuum 5 filtration and allowed to air dry. In cases

where no s@ is obtained, a portion of the solvent is allowed to
evaporate, and the procedure is repeated with heating and filtering. Yet

anot her met hod ¥QranBiHRP Mt foP brephiing Borby il iy BE breclpittinggFdrorineflORY CDV 10
succi nate from a sol vent/ anti

ol vend i HEREE THBEomFE AR ETPHa e oh 3 Bnflhe ey R AREpie L 2T ©
than 1 ngy/ mklude Suiskainl whiamtOD\s sliscinates ham @l sakebilith 6 erdaterviige H O Msucci nat e
has | ow Sogllf‘lpaib‘ei ér)fi?-soﬁ/egtsﬁn@fude those in which ODV succinate has low solubility, e.g., a
solubility of less than 1 mg/mL. According to one embodiment, the solvent is
saturated with ODV succinate. The mixture is heated, if necessary, to dissolve the
15 ODV succinate. The mixture is filtered (e.g., through a 0.2-ym nylon filter) into a vial
of cold anti-solvent (e.g., a solvent in which ODV succinate has a solubility of less

than 0.1%). The resulting mixture may be placed in a freezer to increase the yield.

Form Il can be prepared by slow evaporation of Form | of ODV succinate from
20 water. For example, Form | of ODV succinate may be dissolved in water and then left
in a perforated container at ambient temperature to form crystalline polymorph Form

I

Form I} can be prepared by fast evaporation of Form | of ODV succinate from

25  acetonitrile or ethanol/hexanes or ethanol/chloroform mother liquors. For example,

Form | of ODV succinate may be dissolved in the solvent and then left in an open
container at ambient temperature to form crystalline polymorph Form L.

Form 1l can be prepared by rapid cooling of an aqueous or aqueous/acetone

30 solution of ODV succinate. Rapid cooling can be performed by any method known in
the art, such as, for example, by applying a vacuum and/or an ice or ice/water bath.

Form Il can also be prepared by subjecting the amorphous form of ODV

succinate to 75% or greater relative humidity (e.g., at room temperature).

-11-



solubility of less than 1 ng/nL. According to one enbodi nent, the sol vent
is saturated with ODV succinate. The mixture is heated, if necessary, to
di ssol ve the 15 ODV succinate. The mixture is filtered (e.g., through a
0.2-pmnylon filter) into a vial of cold anti-solvent (edd NOv 208 vent in
whi ch ODV has a solubility of less than 0.1 9 uItlng

m xture naé)%gog}opﬁgfed in a freezer to increase the yield. "9—@5@# *an be
prepared by sl ow evaporation of Form | of ODV succinate from 20 water. For
exanple, Form | of ODV succinate may be dissolved in water and then left in
a perforated container at anbient tenperature to formcrystalline polynorph
Formll. Formll can be prepared by fast evaporation of Form | of ODV
succinate from 25 acetonitrile or ethanol/hexanes or ethanol/chl oroform
not her |iquors. POy cestaisppbrepard iy the gfor@Dentioned meahaisimagy be retiossreti wgd i n
the sol vent | apgnidagfiqldft in an open container at anbient tenperature to
formcrystal line pol ym)rph Formll. Formll can be prepared by rapid

cool ing of an aqueous or aqueous/acetone 30 solution of CODV succinate.

Rapi d cosl i rrpradn be performed by any nmet hod known in the art, such as, for
e or jcelwater bath. Formll can

o e0 be pr epar o thy U Re PR e B AsGSucthefers aiemie. Dircerhaot o 7ok
or greater ofmatdrnie GiMrsatictnaty B.Igss traeh T botrmbentben a2, Formlll of iONev2 WO
02/ 061543 PILLEA2 LU AVerihyGLR S FRASGEHR, Wil oF BRTTILEONSY

met hods may be recove techn

pol ynor ph F@??nal’ XRPEfPatieNd %é@ﬂ‘t’ﬁi’b’édﬁnﬁcﬂt%vm%lwn iTfégune BaPealabotationsf wat er
to ODV seiCCiaR@irferisied @B hel(RFD dattith il MG 6re A8 prhReliiin Pable E‘BEIH}V' Il of CDV
succinate is between a hem hydrate and a rmnoﬁydr ate). For of ODV
succinate has an XRPD pattern substantially identi cal to that shown in
Figure 3. Peak | ocations 10 and intenshlgges for the XRPD pattern in Figure
3 are provided/ Char acterl stl CXRP Peaks

(expressed in degress Sy(expressadiindedrees 2.4 0.2 2 $i2tivg f fracti on
Lines for Forml | | dﬁ_@&@j_@ﬁfﬁ@@ Lines for Form Hl of ODV Succmate
Degrees 26 + 0.2° 24 /14
10.36 23
13.74 11
14.40 20
14.68 18
14.96 16
16.75 49
17.48 17
17.76 17
19.26 24
20.42 13
20.74 20
22.55 11
23.58 16
23.82 20
24.92 12
26.00 100
31.86 17
32.42 10

15
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15 Degrees 2

9 0.2 261/1, 10.3623 13.7411 14.4020 14.6818 14.9616 16.

7549

17.4817 17. 7617 19. 2624 20.4213 20. 7420 22.5511 23.5816 23. 8220 24.9212
26. 00100 31.8617 32.4210 -12 11, NOV ZZ WO 02A) 64543 PCT/ US02/ 04103 In
particul ar, the peaks (expressed in degrees 26 0.2 26) atlf14NON 208. 74,

22.55, an ,%%

by ball ml
is perforned
t hen shaki ng

ing or cryo-grinding Forml of ODV 5 succinate. Ball m|

ling

by placing a ball in a cylinder with the ODV succinate and

the cylinder. Cryo-grinding is perforned by placing the

oDV

succinate in a cylinder and shaking the cylinder while maintaining the

Popaeue sy TpESHE T VB RECHoRG Lhey At e BP0 by

t enperature
Any crystals
any known te

10

15

amh32j42 are characteristic of Form IIL.

Form il can be prepared by ball miling or cryo-grinding Form | of ODV
succinate. Ball milling is performed by placing a ball in a cylinder with the ODV
succinate and then shaking the cylinder. Cryo-grinding is performed by placing the
ODV succinate in a cylinder and shaking the cylinder while maintaining the

temperature of the cylinder at cryogenic temperatures (e.g., at <-90°C).

Any crystals prepared by the aforementioned methods may be recovered by
any known technigue.

Form IV
Crystalline polymorph Form IV of ODV succinate is anhydrous. According to

DSC, Form IV has an endotherm at about 145°C (see Figure 6). Form IV of ODV
succinate has an XRPD pattern substantially identical to that shown in Figure 4. Peak
jocations and intensities for the XRPD pattern in Figure 4 are provided in Table 4

below.

-13-
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Form IV Crystalline pol ynorph Form 1V of ODV succinate is anhydrous.

According to 15 DSC, Form IV has an endotherm at about 145C (see Figure

6). Form IV of ODV succinate has an XRPD pattern substantially identical

to that shown in Figure 4. Peak |ocations and intensities Bg{ gghemRPD
4543

pattern in Fi\wwﬁﬁre provided in Table 4 bel ow. NVO 02/ Il 0O NOV M
PCT/ U502/ 04103 Tabl € 4 Characteristic XRPD Peaks (expressed’¢HURBH+¥ds 28

0.20 20) and Relative Intensities of Diffraction Lines for FormIV of ODV
Succi nate Degrees 29 0.2 291/1, 10.4636 11.2915 13.6910 14.4860 15.1718
16. 6274 17.2214 17.6142 19.2210 19. 6448 20.9183 21.6133 22.5512 23. 8489

24. 7721 25.3415 25.9221 26.40100 28. 8624['ab|e4

Characteristic XRPD Peaks (expressed in dearees 26+ 0.2° 26) and Relative
Intensities of Diffraction Lines for Form IV of ODV Succinate

Degrees 29 +0.2° 24 Wl
10.46 36
11.29 15
13.69 10
14.48 60
15.17 18
16.62 74
17.22 14
17.61 42
19.22 10
19.64 48
20.91 83
21.61 33
22,55 12
23.84 89
2477 21
25.34 15
25.92 21
26.40 100
28.86 24
29.80 12
30.60 21
33.17 10
36.85 21
37.70 12

5 In particular, the peaks (expressed in degrees 26 + 0.2° 26) at about 11.29, 17.22,
19.64, 20.91, 21.61, 28.86, 29.80, 30.60, 36.85, and 37.70 are characteristic of Form
V.
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29.8012 30.6021 33.1710 36.8521 37.7012 5 In particular, the peaks
(expressed in degrees 20 0.2 20) at about 11.29, 17.22, 19.64, 20.91,

21.61, 28.86, 29.80, 30.60, 36.85, and 37.70 are characte I‘IOS“ Form _
V. WO 02/ 064543 1ONOVM PCT/ US02/ 04103 Form IV can be pr et&a}“? 1939/ sl urrying
equal amout S H3rm 1 and Form 11 in acetonitrile at (SOEHIR £ o

several days (e.g., eight days), filtering, and heating the resulting
solid for 18 hours at about 120 C. The crystals can be recovered by any
met hod known in the art. 5 Anor phous Form The anor phous form of ODV

B s roure Aoyl destan bl Dlindhe foyel SRR HrdrAtald FoR Mg s

E rS gnsi L i on (a'd%)orﬂiﬂls];dl abeuit Mhefamwa’amwsf(@g mceignmerys ﬁlterlingcéndft?aﬁmﬁédl ng to
, t he ano Qus or oes a ot herm at  about see

Fooure 6 M vrRB stigl i T BEe aﬁﬁb%%%hgofﬁﬂeﬁ e A

t he anor phomsthbd knowvais theawerted into a crystalline form before reaching
120C, since anorphous forns typically do not exhibit endotherns, while
crystallihe forms do. The anorphous form can be produced by formng a nelt
by heati ng Famemhoys ferm 15 111, or |V, or a nixture thereof and cooling

the melt to form‘ﬁwe%n%&%hof@forﬁx&r@ﬂ)‘@ subdifate HIBTHNRUED R G BsBRuy ePar ed

by holding Forns 1, 11, 111 IV or a mxture thereof at about 0 Cfor

about. 6 to ABEUeat fRrhahean inFioyers.a Faue SaF s amEBheRyorRet QRYt to

form a gl asssucdisteCOPhd GBS BENARNAT] DSOS YheOEmEPRGUE! Hbrrk ‘bc@}rs abys@, ash
cooling). 20 The_ anorphous form can be converted to Forml| | aci ng the

anor phou!;0 nigcerding 1oj PGy th gROPBPUS PRILUIMIFRFA8S AYNAIPRATIBHAEM Bt a(b@u 120°Gy eat er
t han about 5@e®Figu®BY. Without being bound by any theory, the inventors believe that the

amorphous form was converted into a crystalline form before reaching 120°C, since
amorphous forms typically do not exhibit endotherms, while crystalline forms do.
The amorphous form can be produced by forming a melt by heating Forms |, Il
15 Ill, or IV, or a mixture thereof and cooling the melt to form a glass. For example, the
amorphous form can be prepared by holding Forms 1, ll, Ill, or IV or a mixture thereof
at about 150° C for about 6 to about 18 minutes to form a melt and then cooling the
melt to form a glass. The cooling can be done slowly or rapidly (e.g., by crash
cooling).
20 The amorphous form can be converted to Form [l by placing the amorphous
material in a high relative humidity environment (e.g., greater than about 50 or about
75% relative humidity).

Preparation of ODV Free Base

25 O-desmethyl-venlafaxine (ODV) free base may be prepared according to the
general procedures outlined in U.S. Patent No. 4,535,186.

Another method of preparing ODV free base is by demethylating a compound

of Formula | (venlafaxine) to provide a compound of Formula Il as described in
30  Scheme [ below.
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75%relative humdity). Preparation of ODV Free Base 25

0- desnet hyl -venl af axi ne (ODV) free base may be prepared according to the
general procedures outlined in U S. Patent No. 4,535,186J*@qmwhgm5nethod of
preparingVCDV free base is by denethylating a conpound of Formula I
(venl af axY 3€¥'¢%5*pr ovi de a conpound of Fornula Il as ded&EATUSEO4108 30
Schene | below. 10 NOV 'b WD 02/064543 PCT/ US02/ 04103 OH C17H27NO2 Mol .
W.: 2-77,40 C16H25NO2 Mol. W.: 263.38 Formula | Schene | Formula Il 5 As
described in Schene | the starting material, venlafaxine (Formula I), is
denet hyl at ed. Venl af axi ne may be prepared in accordance with procedures
known in the art, such hs those described in U S. Pat ent No. 4, 535, 186,
which is herein incorpotated by reference. 10 Dene ation is perforned
using a high ol ecul & lwei ght al kanf® arene, or | al kyl thiolate anion,
such as strai ght ¢ angods having 8 to 20
carbon atons, none_gf bisygiic arene thiolate ONS ng 6 to 10 carbon
atons, or nono or bicyclic ar?V%lkyl thiolate anions having' 7 to 12 carbon
atoms in the presenggudfza protic or aprotic solventsGptionally, a base
such as an 15 al koxi de conprised of a straight or Dfanched chain al kyl
group of from1l to 6°C%t'bon atoms nmay be present tfemgeinerate the thiol ate
anion. Preferably the aliphatic thiol has from 10 to 20 carbon atons and
nost preferably the aliphatic thiog i s dodecanet hiol. The aromatic thiol
is preferably 20 benzenethiol. The FRﬁWﬁ kyl thiolate anion is preferably
tol uenet hi ol or naphthyl net hanet hi ol .

5 As described in Scheme | the starting material, venlafaxine (Formula 1), is

demethylated. Venlafaxine may be prepared in accordance with procedures known in
the art, such as those described in U.S. Patent No. 4,535,186, which is herein
incorporated by reference.

10 Demethylation is performed using a high molecular weight alkane, arene, or
arylalkyl thiolate anion, such as straight or branched chain alkane thiolate anions
having 8 to 20 carbon atoms, mono or bicyclic arene thiolate anions having 6 to 10
carbon atoms, or mono or bicyclic arylalkyl thiolate anions having 7 to 12 carbon
atoms in the presence of a protic or aprotic solvent. Optionally, a base such as an

15  alkoxide comprised of a straight or branched chain alkyl group of from 1 to 6 carbon

atoms may be present to generate the thiolate anion.

Preferably the aliphatic thiol has from 10 to 20 carbon atoms and most

preferably the aliphatic thiol is dodecanethiol. The aromatic thiol is preferably

20  benzenethiol. The arylalkyl thiolate anion is preferably toluenethiol or
naphthylmethanethiol.

When present, the alkoxide is preferably a lower alkoxide (methoxide, ethoxide
and the like) such as sodium methoxide (sodium methylate, sodium methanolate).
25
The solvent is preferably a hydroxylic or ethereal solvent, and more preferably
an alcohol, ethylene glycol or ether of ethylene glycol. Ethers of ethylene glycol
include, but are not limited to, ethyleneglycol monoethylether, triethyleneglycoldi-
methylether and polyethylene glycol. Preferably, the solvent is an inert, polar, high
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When present, the al koxide is preferably a | ower al koxi de (nethoxi de,
ethoxide and the |ike) such as sodi um et hoxi de (sodium nethylate, sodium
nmet hanol ate). 25 The solvent is preferably a hydroxylic 19" NV g eal

sol vent, and nore preferably an alcohol, ethylene egcoI r ether of

et hyl ene W 0¥%F543Et hers of ethyl ene glycol incl ude, u‘ECTé'?Sé' 28031 i it ed
to, ethyleneglycol nonoethylether, triethyleneglycoldi- nethylether and

pol yet hyl ene glycol. Preferably, the solvent is an inert, polar, high -16
WO 02/ 064543 10 NOV W PCT/ US02/ 04103 boiling point ether of ethylene glycol

such as pobyirigwydistrethayloy ethlleanglyom suctpas palyethyigne ¢eG daDmogiairgletabyt ene
I | h I ' 4 380.Th
Penotion 1 Eog e efiplihBhe BEud HavhR 1 MoReult REACRHe 3P RomCE0t 000" 6

about 220C420jore preferably from about 17OC to about 220C, and m)st
preferably from about 180C to about 200C. The reaction is gener ally

al | ovved to progress unti | i deal not re t han 0/ ven remai ns.

I n somed aspect s 3 re@gton; 'ﬁvaﬁiﬁfﬁl&ﬁpﬁ'ﬁ@m%’@é ?’Bﬂerﬁté"ecgr%qr%? °Lfta1>épg}grﬂ about 2
Eour s to abisii 2§o¢muro$e piRebraBly ﬁorpraebetremrg id aboul 020°Co amdinosit prafetablyabout 3. 5
ours. In ref e S this i Zs

di ssol ved 8% @? %DQWS%C 5(563068;? %ﬂ%raﬁ;ﬁ%@%%%@ﬁp%@?%n{ sodi um
met hyl at e areaua/, sol moriedhan 1% vaelataamelrerasms hbﬂ sasmpesrgcigrad thesinventicedired t o

1 om about JL8hn %o rat@m%@aba\attéﬂhmﬂrétéhbamlsn%utsoan@mrs pr%fér@bl?lﬂpu'[ 3.5

hours. Thereafter t reaction mxture is cooled to between about 65C and
about 195CramEbart HOEERHIS- 5K be added as a dil uent before neutralization
totheisoelectric poi nt (about pH95to about pH 10.0) with an

appropri at e neu tfzgfj!so ?r ?t:e Cr%’?et Q NyALaghL %ra'fsg %%s&iord&‘%

al coholic nedru al I'rzation t as
neut r al i zapolpethylgnd gijydol amce@bntanmg éo@@layetblheanﬂ ol mebyiste a8 saluz;@rr ai ght or

branched Cﬂ%&h%&ﬁ% I'%rtQM erQ{urelrs i d&e&e@% POR 2BLAMBO°C HFdboas20RENRRP! |

et hanol , iso rog}ﬁ)g l'i ke, and 25 m xtures thereof. In
sone pief eFtirERg wt#éw%o%?sth%s nmet hod, the al cohol is

Thereafter the reaction mixiure is cooled to between about 65°C and about
75°C and an alcohol may be added as a diluent before neutralization to the isoelectric
point (about pH 9.5 to about pH 10.0) with an appropriate neutralization agent such as

20 hydrochloric acid. The alcoholic medium may also aid in the crystallization of the

product as neutralization is initiated.

Preferably the alcohol comprises a straight or branched chain alkyl group of 1

to 6 carbon atoms, such as methanol, ethanol, isopropanol, butanol, and the like, and

25 mixtures thereof. In some preferred embodiments of this method, the alcohol is
isopropanol.

Yields of this method are greater than about 75% and generally from about
85% to greater than 90%.

30
Yet another method of preparing ODV free base is by demethylating

venlafaxine or a salt thereof (e.g., a non-reducible salt of venlafaxine, such as the
hydrochloride salt) with an alkali metal salt of a trialkylborohydride. The alkyl groups
in trialkylorohydride can independently be C; - Cs alkyl and preferably are

-17 -



i sopropanol . Yields of this nethod are greater than about 75% and generally
fromabout 85%to greater than 90% 30 Yet another nethod of prepari ng ODV
free base is by denethylating venlafaxine or a salt there{i (@
non-r educi bL ?,I} f venl af axi ne, such as the hydrochlori % Xl

al kal i net al f a trial kyl borohydride. The al kyl gr ouRfst/U$oa/04103
trial kyl orohydri de can independently be C, - C6 alkyl and preferably are
-17 WD 02/ 064543 10NOVW PCT/ US02/ 04103 i ndependently C, - C4 alkyl. The

al kyl substituents on the trial kyl borohydri de can be the sane or
different. ch% %qe ﬂl;{ aIi ﬁ%als include, but are not Iimted to, lithium
sodi um and pRYeREMENN CormiGeive The alkkhaubHitéanjeien thestrintiylborgbydridatcambe not

:\llom ][ ed E 0, teeband bf diffefent.i S&Mbi@lélkﬁﬁ h@[eﬂﬂ'lmrukié'eﬁut%l're ltn"ol Fﬁ'nfiﬁa’:l ROnRfydri de.
n-limtin S in electri

e e dg s%ff?rﬁﬁ%rﬁ ra,ssi ngﬁ%;ﬁ;r yfg) hgﬁ@és&%ﬂﬁ% bjfare not limited to,
triet hyl bor ofpleetidr (tﬂﬁﬁe'béib'llbe@hmme$ of triethytheroHydridear eJonmtmtlrgrExbmgleE f

L- sel ectrigde saiftﬂ!)lel IsTallfH Hﬁaﬁcrel Qtiyécmfeowgéié&ﬁde AiRhE tﬂétﬂ}/ls&lpﬁ)éd&ﬁal LS

L-sel ectri de. ner a fatron prdcess Is #n B?jle or

nmore of the Pf@ﬁlwm Wﬁ%ﬁ@O@BYR’f@ﬁt s: fxffeﬁeéh srishipgide, h:b)hte are enat almyitgd ofor an
(THF), 1, 2- detseiexyies Badkthiamctrieth@baraBydibe. SA G&T@B@?&?‘é&%&mf% L-sEkBRG - The

reaction is typically perforned at or |less than the boiling point of the
solvent. Preferably, the reaction is perforned at a tenperature of from
about 60 to aboutGangallg, teodempthglbdoraplogeds mpationicd8d e abdwdre 013Re C, and

even ror ey?oBrefJugutjv.ﬁng's&swEﬁ@”H @E&Mteth§§¥ettr9an§bfe%‘ah§$’rg?5a Werdlan ?%igéﬁo%gwéﬁ%yl it od
and pr ef er aBN3 dighyime) (bist (2rre%t§?xys{b1yl) Fthero5Thereasyos of typhrelly perfarhaciaher has

been denet hyleas édn thd3boiasl yomttchﬁhé%aﬁédtomréf%r%%f e PREidPls Je%%e%b&ué 8 to
about 48 hours. Acco rgj#%‘g h g the reaction 1s perforned fo
from about 15 TP§EAHBAL"T i t%ﬁeout5ﬁ%f%rrawqufs¢ebbzﬁmm abayt B teraboup0 The

reaction resudd°sC,iandagvedl dierei préretadly ficthtabbiit &5 ¢eapBityse-oehafaxdigs s The
15 generally performed until the majority of venlafaxine has been demethylated and
preferably until at least 80, 90, 95, or 99% of the venlafaxine has been demethylated.
Broadly, the reaction is performed for from about 8 to about 48 hours. According to
one embodiment, the reaction is performed for from about 12 to about 36 hours and
preferably for about 24 hours.

vvlth an

20
The reaction results in an alkali metal salt of O-desmethyl-venlafaxine. The
alkali metal salt can be converted to its free base by methods known in the art, such
as neutralization with acid (e.g., to the isoelectric point).

25 This process for demethylating venlafaxine does not change the optical activity
of the venlafaxine starting material. In other words, if the starting material is a racemic
mixture of venlafaxine, the product of this demethylation process will also be a
racemic mixture. If the starting material is an optically pure enantiomer, the product of
this demethylation process will also be the same optically pure enantiomer.

30

An example of this reaction scheme for producing O-desmethyl-venlafaxine
free base is shown in Figure 14.
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al kali netal salt can be converted to its free base by methods known in the
art, such as neutralization with acid (e.g., to the isoelectric point). 25
This process for denethylating venl af axi ne does not charg@ hine /Rt | cal

activity _of the venl afaxine starting material. In other Sfifug f the
starting WR&P$31 is a racemic mixture of venl af axi ne, ct of this
denet hyl ati on process will also be a racemc mxture. If t he starting

material is an optically pure enantioner, the product of this
demet hyl ation process will also be the same optically pure enantioner. 30

An exanple of this reaction sc for producin f axi ne
free base is shdWf Fif?Feﬁﬁqurdéme'VPFﬁQ) amq/@rt}gpg@&gﬁgﬁ%\é?i%g% 1103 This
process foln ﬁlﬁﬁ:mdtiyllmdrmgarmeeetbamwm5 Oad o8,@2) O, 0o, Dro8e0.08e0&or OOV i n

0. 07, 0. 06 0 5SUpbef b et heieghich spfestiady flor 0 ) 20 70

nmeasured by HPLC). 5 Denethylation with a trialkyl aborohydrl de produces

vari ousghazar dogfaHyRiion mntaatnatkpgb&woqa@%t&ucg@tar@&armtﬁdoutssoreﬁ
L-sel ectride results’in or na

on tr bor ane and
tris(1-met kYD BF‘S]Qy‘PWB% F %?XB‘FB‘:%H%PEL'S‘?*II%&%‘? r?ﬂf'@tiﬁﬁ‘@t r"%?é?“ 196
deacti vg_t ecihstﬂrnesﬁyqd@odyi)mdr)e kand ottis i thpipapd)boegdn @sabypyedubisdr athgsé S h( of
t | a te I r t he
bor on 10 o SRR sl %lﬂve@év@?ata&ﬁze’ﬁ%a?%ﬁ%? ety RAgbLO8 L1e
per oxi de, rlbt@rrae@ete b(oeatg estesspdiQuidagen ydieepe oometé bitirsacting: tltehlmrrerof A

pref er ngd Q&h@fnﬁg"@pﬁﬂﬁ&& WitR aﬁ@xud@lné 'eﬂtes%ré%q{yah%eﬁBEM%H@'be('l?orﬂes an
aqueous sol ution containi ng sodi um

I’ oxi d m per bor ate
tetrahydr af@9: FLEPEBPYE) ﬂ’eaHB'le’ é'?ﬁ'i?oét fSV%‘?Gd‘E@tng agegt ISa@led t o
t he oxi di ziakglirsg eaiborte dolstdnufelgdNat APEILSI mtbhemooalezsamgmag@mbxndé_S As

descr i bed o RRNLARAD, COLAIRAI" b BURLIPRE 00, coX Ol o cRWE

293-302 (1 or por ence
0- desnet hy|add@dﬂ<>athmx'wéln%agentph@scplbthrmmnmgs'pmtterm@dﬂlnggag@at profile shown in
Tabl e §sbel ow. WO 02/ 064543 Table 5 10NOVM

As described in Reviews in Contemporary Pharmacology, Volume 9(5) page
293-302 (1998), incorporated by reference in its entirety, O-desmethyl-venlafaxine has
the following pharmacological profile shown in Table 5 below.
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PCT/ US02/ 04 103 Effect (in vivo)O desnethyl venl af axi ne Reversal of

Reser pi ne- I nduce Hypotherm a3 (mninumeffect; mg/kg i.p.) Effect (in
vitro) Inhibition of am ne reuptake (IC50; uM - Nor epi nephri nel. 16
- Serotoni n0. 18 - Dopami nel3. 4 Affinity for Various Neuror ectaﬂtNIWsm{)

i nhi bition &0 d2/0eddi3 - D26 - Chol i nergic7 -Adrenergic a0 -Hi

-Qpi ate7 Thus, conpounds, conpositions and nethods of the present I'nvention
can be used to treat or prevent central nervous system di sorders including,
but not 5 1limted to depression (including but not limted to ngjor
depressive disorder, bipolar disorder and dysthym a), fibronyalgia,

anxi ety, panic disorder, agoraphobi a, 5 traumatic stress disorder,
pr enmenst r ual rducnhnrl fad r|| sorder (r’-)| SQ as__p enenst rual Syndr OITE) )
attention defF gf’dit(’dlvé‘ﬁ?)der (wi th and wi thout hyper@edésmetyylyenlmﬂaxms ve

conpul sive dfR of R o
10 generalizgd anxi et auti sm SChI zophreni a, obé&sity, anofexia

orde
nervosa, bu| IHRIZUR 6%5‘9”‘@'"3})% de | a Tourette [Syndrone, vasonotor
flushing, cofeffés (imWltrojal Conol addictiom,sexuat (dysfunction, (including

soci al agxiety di sprder,

premature ej tion) borderline personali tv_disorder, chronic fatigue
syndrone, | nc'@ﬂ’?'ﬁ'%‘?ﬂ?@"‘?@ ieepiale A§50aB8l i ncont qence, overfl ow
t

i ncontinence, passive i nCNHréffdphRne I €f | €x i ncontfinence, stgess 15 urinary
i ncontinence, urge incontinence, urinary exertional |ncont|nence and

urinary incontience), paiteqt PRI udi ng but not lilmited toOABgraine, |chronic
back pain, phantom |inb {fmipamineentral pain, neuropat hic pggn such gs

di abeti c neur ‘Shy Drager syndrjone,
Raynaud' s synﬁrmg&re r Q{aaHEUS R%%}J?gée%?oré (i% n |b%%n Y

v

-D2
-Cholinergic
-Adrenergic a
-Histamine H1
-Opiate

N O O NO

Thus, compounds, compositions and methods of the present invention

can be used to treat or prevent central nervous system disorders including, but not

5 limited to depression (including but not limited to major depressive disorder, bipolar
disorder and dysthymia), fibromyalgia, anxiety, panic disorder, agorophobia, post
traumatic stress disorder, premenstrual dysphoric disorder (also known as
premenstrual syndrome), attention deficit disorder (with and without hyperactivity),
obsessive compulsive disorder (including trichotillomania), social anxiety disorder,

10 generalized anxiety disorder, autism, schizophrenia, obesity, anorexia nervosa,
bulimia nervosa, Gilles de la Tourette Syndrome, vasomotor flushing, cocaine and
alcohol addiction, sexua!l dysfunction, (including premature ejaculation), borderline
personality disorder, chronic fatigue syndrome, incontinence (including fecal
incontinence, overflow incontinence, passive incontinence, reflex incontinence, stress

15 urinary incontinence, urge incontinence, urinary exertional incontinence and urinary
incontience), pain (including but not limited to migraine, chronic back pain, phantom

limb pain, central pain, neuropathic pain such as diabetic neuropathy, and
postherpetic neuropathy), Shy Drager syndrome, Raynaud's syndrome, Parkinson's
Disease, epilepsy, and others. Compounds and compositions of the present invention
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Di sease, epilepsy, and others. Conpounds and conpositions of the present

i nvention -20 10NOVM WO 02/ 064543 PCT/ US02/ 04103 can al so be used for
preventing rel apse or recurrence of depression; to treat co nitive

i mpai rnent; for the inducenent of cognitive enhancenent ¥ Ng¥t

suffering from senile denentia, Al zheiner's disease, §?5§“ﬁﬂﬁﬁ’ amesi a
and amesWV® Pfi3tbre; and in regi nens for cessation of ing or other

t obacco uses. Additionally, 5 conpounds and conpositions of the present

i nvention can be used for treating hypothalam c anenorrhea in depressed
and non-depressed human femal es. In sone preferred enbodi ments of the

i nvention, O-desnethyl-venl af axi ne succinate i reatnent

of depr essi@h,al¥rhg weg, forpiRepting 'SEHPER P! reRTHER 8?%%(3?8'8"' tﬂi“’g{ ?Pga Sr der,
post traunBinbgirhbhte S5 A8 thdat@naid if rasghitivy eiaocdneent i patienie sufféfing Sranmmvent i on

d t hod f .t , h h
provi des ethods ol i Sl BLEXETLLAGY AVLALSShelimAld b oac
met hods 15 amoinpr regimensaéhri cessation | ofgsmeking Dé(%he{/éomrﬁ’ﬁe%f Additionablind of

the inventi pdfnds aﬂ@”&m{ obfbn@e&dtﬁeh Fel&Hit- mﬁﬁﬁtl@ﬁ fcgﬁtUeVﬁseifwrﬁednﬁg an

amount sufficient 1o prev i nhi b or teo nore synptons
of the afor@iﬁ’é’ﬁ‘?l%@f“@'&ﬂﬁ@?? Ingieeresyed: ’Ef’d%“é‘g‘g S‘F'ﬂ? Po treat,

prevent, inhibit or alleviate each of the 20 af orerrentl oned conditions

bt ot vat | on. e eterenktobmbdimpRR I he Il O-EM A BRERRL T OV & ©f

admi ni strati on. requency trll SO vary according to
age, body vmlcguhal;e lise 3ysefub doarink ﬂaﬁtmﬁrﬁdpf:adepfeﬁgt)@r?m@ﬁt)’-t wanicndis9idaual human
patient, %@léﬁle&h@ls&ﬁgp%?Q%Mb|§{re§'§%@\dr@’@ﬁh€n§tﬂfal tcﬂ@ptﬁﬂadl tions
descrlbed h reln n the range of 10 ng to about 1000

O desnet hyl diggtHer axi ne per day and 25 nore preferably within the range of
about 15 ng to about 350 ng/day and still nore preferably fromabout 15 ng

o g 1 ik g biGS PRAMIRA L Skl Al rudd Wb dlg2ge vl |

range from about ternms of
the free basashaidne maiedjesdisted ah@\@olﬂcﬁ mgm;naf @ref@rﬁ@y §uR Buman.dhe gethods|

managi ngs t h%a”% ngnéd hiSteflfd A %'fflsb’twlaré?ﬁ&fni %ﬂatdafﬁpo@ﬁaeoft tlnenaxﬁémn&e td @i tiat ed

t I
o i o T Coln S 25 n SREH Ry S G R

inhibit, or alleviate one or more symptoms of the aforementioned conditions.

The dosage amount useful to treat, prevent, inhibit or alleviate each of the

20 aforementioned conditions will vary with the severity of the condition to be treated and

the route of administration. The dose, and dose frequency will also vary according to

age, body weight, response and past medical history of the individual human patient.

In generally the recommended daily dose range for the conditions described he_rein lie

within the range of 10 mg to about 1000 mg O-desmethylvenlafaxine per day and

25 more preferably within the range of about 15 mg to about 350 mg/day and still more

preferably from about 15 mg to about 140 mg/day. In other embodiments of the

invention the dosage will range from about 30 mg to about 90 mg/day. Dosage is

described in terms of the free base and is adjusted accordingly for the succinate salt.

In managing the patient, is generally preferred that the therapy be initiated at a lower

30 dose and increased if necessary. Dosages for non-human patients can be adjusted
accordingly by one skilled in the art.

Another embodiment of the invention is a method of lowering the incidence of
nauseau, vomiting, diarrhea, abdominal pain, headache, vaso-vagal malaise, and/or
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Anot her enbodi nent of the invention is a nethod of |owering the incidence
of nauseau, vomting, diarrhea, abdom nal pain, headache, vaso-vagal

mal ai se, and/or -21 10NOV?Ga5 WO 02/064543 PCT/ US02/ 041{)& M‘ RS
resulting fromthe oral adm nistration of venlafaxine,

O desmet WP $¥MH3axi ne, or a salt of 0-desnethylvenl af 8TwE0xHBr t han

0- desnet hyl venl af axi ne succinate to a patient. The nmethod includes orally
adm nistering to a patient in need thereof a therapeutically effective
anount of O desnet hyl -venl af axi ne succinate. 5 Yet another enbodi nent of
the inventjon is a nmethod of |owering the incidence of nauseauu, vomting,
di arrhea, HEUEHTSSHIING HPM the @l 26Rnistatianoofveglefaxingl S-dasmetraiveiisiaxite, smus

resul ting &rasaltdi©-0ssmhetiVENRIFSIHeStha thf OQTeQﬁéﬂ??l@Méf‘éﬁﬂé @Jc@?ﬁ%{él 9 ﬁsucm nat e

to a pati dlnludes or%ll adm nisterin t -in need

10 t her eof‘?at“et herg%é“ﬁq @, (ncfidgs LRl [pigting o %ﬁt%gt“aﬂ?ﬁé’dﬁﬁ@péase or al
dosage f ortherapeyiipallysifiegtive-atesmesty-desrsathyfvaniafaging daedizdd.e havi ng a peak
bl ood pj asma | evel of I|ess than about 225 ng/nml . O-desnethyl venl af axi ne
succinate may al so be provided in conbination with 15 venl af axi ne. The
dosage of venl 3fehzpeieeriembedisent ablhg invbotion i§ 5 nnﬁghc!d)ofadnmrtng?or'ié)mﬁaér@ay and

nore pref %’f&k&uﬁe&bOWbmﬁﬁg nﬂlérmeébgbﬁonwaﬂ ??élégaéjfe' \Jgswgﬁ%?%%r 2b1)1¥ OE he

dosage of v

faxine is
desmet hyl \)aéﬁr I¥Tie B L{P@n?raf"aﬂ%g’p% qdmigyigirgtion 6fm%%ﬁ'@imylweolaiaameent
dependi ng aulp@matato patfiant Toe mﬁtmmeudat@allybéﬂm@%ﬂﬁ@id y QWént infeegt | east

| I f .
i ot r oo & el Bane DL Bt BBl Wb ol opee et f ect ve

amount of %m%%%WY&Vﬁﬂﬁfﬁ@nsawmw kavigpa peskiidod, plashad levelraicosal

(e.g. nasaéss tisndbonoems ng/riccal , rectal or vaginal), parental (e.g.
i ntravenous or 25 |ntrarmscul ar) transdernmal, and subcut aneous routes can

be enpl oyed. Preferred routes of adm nistration include oral, transdermal
and nmucosal . 0Ogissmettylbnlataninafaxtinge SHEYCAIBAbLE pPORIREInCbiTgsh Witk h 2

phar mageut b Gahxikdr e (el e, r cal |y acceptable
carriers and 3)8 excth%l %%’[a Ex(gc%gr gafxm(e 'Fgorg%ﬁ%g'ng?%‘ﬁ%é aPn%QPé’E@gQaI
conpoundi ¥ qaé((gqﬁ|rraﬂ5@ Prederably @bout 75 mg to about 225 mg/day. Stl” more preferably

the dosage of venlafaxine is about 75 mg to about 150 mg/day. The ratio of O-

desmethylvenlafaxine to venlafaxine will vary from patient to patient depending upon a

patient's response rate, but generally will be at least 6:1 O-desmethylvenlafaxine to
20  venlafaxine.

Any suitable route of administration can be employed for providing the patient
with an effective amount of O-desmethylvenlafaxine succinate. For example, oral,
mucosal (e.g. nasal, sublingual, buccal, rectal or vaginal), parental (e.g. intravenous or

25  intramuscular), transdermal, and subcutaneous routes can be employed. Preferred
routes of administration include oral, transdermal and mucosal.

O-desmethyl venlafaxine succinate can be combined with a

pharmaceutical carrier or excipient (e.g., pharmaceutically acceptable carriers and

30  excipients) according to conventional pharmaceutical compounding technique to form
a pharmaceutical composition or dosage form. Suitable pharmaceutically acceptable
carriers and excipients include, but are not limited to, those described in Remington's,

The Science and Practice of Pharmacy, (Gennaro, A.R., ed., 19" edition, 1995, Mack

Pub. Co.) which is herein incorporated by reference. The phrase "pharmaceutically
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a pharmaceutical conposition or dosage form Suitable pharmaceutically
acceptable carriers and excipients include, but are not limted to, those
described in Remington's, The Science and Practice of FGMNGMCINE (Gennar o,
AR, ed., 19 h edition, 1995, Mack Pub. Co.) which is_herein incorporated
by ref er SH@E20GFHE phrase "phar maceutical |y - 22 10NOVW WFBPPGHARA3

PCT/ US02/ 04103 acceptable" refers to additives or conpositions that are
physi ol ogically tolerable and do not typically produce an allergic or
simlar untoward reaction, such as gastric upset, dizziness and the |ike,
when adm nistered to an ani nmal, such as a mammal , a man) . For oral
li quid phapeeeotable’ ceferscierpsaiyasi Ql'rf@mR?ﬁlﬁPlﬂﬁaﬁ‘éh?reclﬁlys‘egﬂlcP'é’r‘Q'eﬁ’i’t? and

exci pi ent's 46 4Bt weéw%eoduswén Alefyi® BF sihilar armlvatr@reaatcer sudh a50fkBic uPbets,

al cohol s, fl avorin preservatiyves, col lor{ﬁcgg la‘nd the |ike.
Oral solid Eﬁﬁ?%@%u‘f‘?gg‘l “ﬁied rAFGENBteRRTsio AN AThek § asoatmaa{?'ga 6813 mted to
st arches, &ugan)s, Fai orabiquid phdraneuticale torapasiions, ddHaoeadesificalj camietsaandig

agent s, 5. O%&%{%%ﬂ%%an ?A&;l@féutaa?&' nd} ﬁlnrtéoea:[ @%lepggeﬁge%ﬁs alctsltasplta@g&geut' cal

conposi osa of m na so i nc af axi'ne or a
t her eof as ad@fﬁ%ua@e%rvdb’@%ecomﬂéo?@wﬁg argl e likgrbo@rahnselid RhREnaegytisal ty of

DV succi ngbRpdkidnk %é?ysmbl[ldéi buIPla?é m@%&é@&l st@ﬁumeoss oAy rﬂlsrodpaalg@e form of
t he present I nvent| on "have 400 m%rons.

wee
Pr ef er abl y Celi¥ase: f’l‘H&HtSG@raB'r"a Qﬂ“%c ﬁ'ﬁ’”ﬁ%’? B %%S a'_’L‘?’: dﬁgﬁ‘%qr%{ungaaggp te size
bet ween 45 Taadhél@:&cautmabmpoﬁ)baagod Hosage fome Inagl &)sobiotlude eenfafaxide ona ed to

t abl ets can le%%f §51 ([gjggesd,abol,é)zenges di spersi ons, suspensions,
supp05| ori e oot catapl asns, pastes, powders, creans, solutions,

capsul es (|nclud|ng encapsulated spheroids), and 20 patches. The dosage

forms may al so h\R&d-4IAE 14 tm@dmabamreﬁl Qﬁé%a?cﬁltw\@i bD&’SsucEmé@%aaﬁdlé%nm adapt ed
f or controlled sust al ned, .. ext ended

9 Hﬁ; easte (ﬁaor{léf erably
tabl ets an@ @HSENCE CRPOBifion GodoRagey Brl"?no tﬂ’%teé‘ gngn E’Sh*éal’%l
coated by sizamdavednaGuemduoaniconan&peieably, mechthan 66 or 86% &fdoe pwtlcleQS Each

dosage Or?‘]zaa %ég'%'g)‘éﬁggmhﬁ]&?gﬁ@%mg% s15 to about 350 ng of CDV

SUCCIna asure ree base equivalent). Mre preferably, each
dosage form contains frontabout 30 to about 200 ng of ODV succinate (as

nmeasured by t heooéégeefd@ageinoaua vialtesre) n@&nhimiate o Maiets poapstlesblpciiesom about
75 to abouli n%

ozenges ispersions, suspensions, suppositories, ointments, cataplasms, pastes,

powders, creams, solutions, capsules (including encapsulated spheroids), and

20 patches. The dosage forms may also include immediate release as well as

formulations adapted for controlled, sustained, extended, or delayed release. Most

preferably tablets and capsules are the dosage form. Tablets and spheroids may be

coated by standard aqueous and nonaqueous techniques as required.

25 Each dosage form generally contains from about 15 to about 350 mg of ODV
succinate (as measured by the free base equivalent). More preferably, each dosage
form contains from about 30 to about 200 mg of ODV succinate (as measured by the
free base equivalent) and even more preferably from about 75 to about 150 mg of
ODV succinate (as measured by the free base equivalent).

30

According to one preferred embodiment, the pharmaceutical composition is an
extended release formulation, such as that described in U.S. Patent No. 6,274,171,
which is herein incorporated by reference. For example, an extended release
formulation may comprise spheroids comprised of ODV succinate, microcrystalline
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ODV succinate (as neasured by the free base equivalent). 30 According to
one preferred enbodi nent, the pharmaceutical conposition is an extended
rel ease formul ation, such as that described in U.S. Pat ent _ No. 274, 171,
which is herein incor porated by reference. For exanple, é@ONeMd rel ease
formul ation conprise spheroids conprised of ODV succi nat e,

m crocr yst¥¥? P%’%é‘”zs ' 10NOV VO 02/ 064543 PCT/ US02/ 04103 RE/PE28483 and,
optionally, hydroxypropyl nethylcellul ose. The spheroids are preferably
coated with a filmcoating conposition conprised of ethyl cellul ose and
hydr oxypr opyl net hyl cel l ul ose. 5 According to another preferred enbodi nent,

t he pharmaceutlcal conposition is a sustained release fornulation (e.g.

in the for nfed¢lose, angs|asfignallyHydepniprapyiasinyicalidase Thesaheraids a5m prassrablsnpr i se
ODV succi nadoateda witht & it raobimwgcd@rcﬂosﬁfmf somiprse@| of 1ethyl, calluldiBt @hiial which
controls the rate a % *h he CDV succinate is rel eased), and,

optionally, VSEWOP iﬂ" g?ﬁ gosgw table rate controlling polynmer materials

i nclude, but are 10 not limted to, hydroxyal kyl cellul ose, such as

hydr oxypr opyl c S o)

pol y(et IE‘\gyl ene) (%\XI 'ﬂa? Eﬁlﬁher&)‘ %E'Qoséem&?ﬁ: ﬁ@?fll\erﬁn%}:édﬂc@ CgWéggtN?rfd met hyl
cell ul ose; &8 rfé'teﬁ% f%fé‘P'Iamfb@eﬂ inyher fopmiof iaéabi@tbl Uhe sestaivkst teleasé ves; and

pol yet hyl erfemgllare@lmamiﬁlaét@mealccrnaieeasetef&hwhrg} b&ﬂnméhaﬁgﬁe from
about 30 w/wtoabgj 50% ’ t%Vs ﬁ'iﬁ from about 25 Wwto 15
Shout 3006 by R cBid e Prte 1 R

.1

M SHEchate dsireigesed).yand he
sust ai ned apbbrediy etHeo adjularits. oammys rbtercohteallingqrofymes enctariats inddadst, bt sveW W t 0

bout % f 1 f
cbout 3% e B Suablt] AEBRE o At e o
conpri ses fhyveioxamnxt “'@QWWQA}UB)@G élﬂBM@ w%ewwﬁn@r oxiyy alkylLiesdibiase, sugmds f r om

about 45 wamy Qel&ﬁl@@tatﬁG%e‘t'M{ch@IiulcmédEQB&@H%@@V'%I%S@EBWBWIC' H9R8e
Typi cal | Y, Cdtghe Sust ai,ne rovi de sust al ned

t her apeut | C&fY3IVET faggtqq,ygtfyﬁ n@yqo vels SBV@'Pe‘gt'e'F%%?s orrula¥on FomRTiSES ur
period. Théerooealout S8rwim toeabehut SAbrwingf tOmY tcatate? @ndGrum gieiut 28l wwv&o

gener al |5y %Fﬁt%ol Qu/R9bA™s - rai@hgontr%ﬂlﬁé g:'o gﬁ%hrn%tgr?az g (%Qtfoﬂ?hftth .8k O shows a

reduced | eve nausea, vomt ache
vaso- vagal ralgpse; fg@wulg{m/r@@y fqrqhgmnpnse from about 0.5 w/w to about 10% w/w and

preferably from about 2 w/iw to about 10% of microcrystalline cellulose. A preferred
sustained release formulation comprises from about 32 w/w to about 44% w/w of ODV
succinate and from about 45 ww to about 66% w/w of hydroxyprpopy!

20  methylcellulose. Typically, the sustained release formulation provides sustained
therapeutically effective plasma levels over at least a 16 or 20 hour period. The peak
serum levels during the 16 or 20 hour period are generally up to 150 ng/ml. The
sustained release formulation also shows a reduced level of nausea, vomiting,
diarrhea, abdominal pain, headache, vaso-vagal malaise, and/or trismus

25
The following examples are illustrative but are not meant to be limiting of the
present invention.
Example 1
30 Preparation of Form | of ODV succinate

Acetone (2111 mL), water (667 mL) and O-desmethyl-venlafaxine (250.0 g,
0.949 mol) were mixed to form a thick white suspension which was stirred at 23 "C for
0.5 hour. Succinic acid (115.5 g, 0.978 mol) was added with acetone (236 mL) and
water (75 mL). The suspension was heated to 58 "C and stirred at this temperature
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25 30 The followi ng exanples are illustrative but are not nmeant to be
limting of the present invention. Exanple | Preparation of Form| of CODV
succi nate Acetone (2111 nL), water (667 nL) and Odesmatsﬂy g%g | af axi ne
(250.0 g, 0.949 nol) were mxed to forma thick white [ whi ch was
stirred a¥0220@543r 0.5 hour. Succinic acid (115.5 g, ©CHT8wmics was added
wth acetone (236 m-) and water (75 nL). The suspension was heated to 58
"Cand stirred at this tenperature -24 It 0 Nov Zo# WO 02/ 064543

PCT/ US02/ 04103 for 30 m nutes. The reaction mxture was filtered and
allowed to cool to 30-34'C. The suspension was stirred at 30-31C for 3
hours t henfac@8Inaidutes Th& Gaglimh mikiure wes filtereharsd alloerp ér atoutos30E3H C arHeur t her
hour The t iq ed at 30
hour. The ﬁggrbgézm@smﬂﬁm%&yf&sﬁaﬁ I Hc %?gor@g'geéndcsﬁégd FP{hﬁsf fodd &
0- des- met hiAMPEEHPrErfa%? §U'& nﬁ'tees%ﬁb’ﬁslatj'ﬁ%{ﬁtéd &Y f'Wﬁf'Q@@r‘?@W&t gaKe325. 5 ¢,
350(7)0/% rrpdnedla?2303 CGoaMm2l hdi® (BCTnmHHGINRA 30 driz4 h%@(ﬂ@l}n t§ affgl% 2H)
3.12 (g%l 9~ esf“?}hg‘ an?fwe sﬁfc‘iﬁaq‘é 5‘°?91hy€(a%eﬁs“’h'ée GFi%rﬁs (3%5%) 8% ). 10 2 58
(m 1 H, 2.50 (s, 3H), 2.36 (s, 3H, 2.28 (s, 4H), 1.50-1.25 (m 6H),
1.20-0.80 m§g4h1)22 3BafP1dedurity (by HPLC). 15 An XRPD pattern for the
(unground), Q3H0fﬁ1ﬂe ared is shown in Fi ?ure 7. Characteristic XRPD

peaks are $hY MEhes) 3%e° (et BOK{d: dyF Hdae2H)dPBB(AstD82am
(CuK2a) AngkeH)20nRet alsi ), BNk eits Ut=y7.5, A8DB0, f1)1974 8504 86 RO 1ABGLA. 4

10 2.58 (m, 1H), 2.50 (s, 3H), 2.36 (s, 3H), 2.28 (s, 4H), 1.50-1.25 (m, 6H), 1.20-0.80
(4H). 99.40 % Purity (by HPLC).

An XRPD pattern for the (unground) crystals prepared is shown in Figure 7.
Characteristic XRPD peaks are shown in Table 6 below.

15 Table 6
X-ray powder diffractogram (CuK2a)
Angle (°26) Relative Intensity
5.285 30.6
10.435 54.6
20.680 10.4
20.850 23.2
25.660 6.6
25.955 55.5
26.125 100.0

The crystals of Form | examined in Figure 7 were not ground, while those in

Figure 1 were ground before being examined. Without being bound by any theory, the

20  inventors theorize that the XRPD for the unground crystals differed from that of the
ground crystals due to the preferred orientation of the unground crystals.

Bulk Density: 0.369 gms/mL

Solubility in water:  32.2 mg/ml at 25°C.
25
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20. 85023. 2 25.6606. 6 25.95555.5 26.125100.0 The crystals of Form | exam ned
in Figure 7 were not ground, while those in hFiguretﬁ mgge grou?d before
bei ng exam ned. Wt hout being bound by any theory, e i nventors
theo?rze that the XRPD for tﬂe unground crystals differedl @MW MMt of the
ground crM@&lugssdie to the preferred orientation of the png gﬁmg grystals.
Bul k Density: 0.369 gns/nL Solubility in water: 32.2 ng/nl at 25 -25
% O 02/ 064543 "1 O NOV 2 i PCT/US02/ 04103 The aqueous sol ubility (reported
above) of Form| of ODV succinate was determined according to the _
foll ow ng procedure. Materials Spectrophotoneter - Capable of isolating a
bandwi dth of 2 fihe aguéesssoldbiiag (rebsne/uawé\emarrro% "B OBVl aase, and

0 range with a precision of 0.01.
Q\f Canfss%hqgtegﬁfagspecfﬁiqp[ﬁ%e FP@?‘%'PQ BPCG%'H‘EH val gnt is suitable. Cells -

Silica, 1 cm FMeiedels - 0.45 nicron Nylonfllters whi ch are cﬂemcal .
t 10 equi S W o] S havj ng a
o5, Sant o 10, eat ek gmipBohies cooth Sl WAL O TEM0S

a aci t
\(3ir b?;te o% f@‘ﬁ Wavelpngiia of m@@ﬁ@ﬂa@iesorr@a@e ia6d ofimeaduiring abSorBangeiseén Meep@r at i on
A For NontdJ¥.0Atze0e hiithga $oéoieidi of 10170 A2 chRY Mb&er"‘?‘lgggpé&roﬁr%?&ﬂéte.pf sanpl e
equi val ent e&tﬂva?e?r? ss)ﬁhég?t ely | %tines the  sol ubi

Cells - Silica, 1cm.
Filters ~ 0.45 micron Nylon filters which are chemical resistant or
10  equivalent
Bottles ~ Glass screw top bottles having a 15 mL or greater capacity.
Shaker — A lateral shaker, wrist shaker, or a vibrator which will not
generate heat is suitable.

15 Sample Preparation
A. For Non UV Absorbing Solvents

1. To a bottle weigh an amount of sample equivalent to 'approximately

1 Y2 times the solubility.
2. Pipet 10.0 mL of water into the bottle and secure cap tightly.

20 3. Agitate the bottles at ambient room temperature for at least 16
hours,

4. Obtain a clear filtrate layer by either centrifugation ot filtration being
careful to avoid evaporation.

5. Quantitatively transfer the solution to a volumetric flask and dilute to
25  volume with water.

6. Blank the instrument for water.

7. Make quantitative dilutions to arrive at a suitable concentration for
measurement.

30 B. For UV Absorbing Solvents

1. To a bottle, weigh an amount of sample equivalent to approximately
1 % times the solubility.

2. Pipet 10.0 mL of water into the bottle and secure a cap tightly.
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2. Pipet 10.0 nL of water into the bottle and secure cap tightly. 20 3.
Agitate the bottles at anbient roomtenperature for at |l east 16 hours. 4.
Ootain a clear filtrate layer by either centrifugation of of*dthl on bei ng
careful to avoid evaporation. 5. Quantitatively transfer the solution to a
vol unet ri WOQ2Q6R+hnd dilute to 25 volunme with water. 6PCBUSPAOHBe
instrunment for water. 7. Make quantitative dilutions to arrive at a
sui tabl e concentration for neasurenent. 30 B. For UV Absorbing Sol vents 1.
To a bottle, weigh an amount of sanple equivalent to approximately 1 '/
times the solubility. 2. Pipet 10.0 nL of water into the bottle and secure
a cap tightly. -26 1@NWM“9M@&@$?WMSB’2/*@H’PG@%€ faget igpet {the
bottl es at pagki ent roomtenperature for at least 16 5 hours. 4. btain a
cl ear fiItrateIayer b |ther ntrlfu tign or filtrati being careful
to avoid evaporation? )E(?b %\6’8?r tﬁ@yﬁg@ﬁ?'ﬁ'ﬁécmﬂﬁ’ﬁt'%gE@P'ﬂht?eq% a steam
bath and rcedtid $awoi ¢vaporatisi due in the solvent used to prepare the
st andar Quantitatiyel f h

g. 2! Bapbrb @S] Sbore TGt P Shivnt | drila st ddd ol S g 2™

sol vent used in preparing
necessary trediggotvai the ée%d}'ﬁc @n‘lh? a”PPIV@W dsgdt tarepare the standpidntQuantitatively

measur enentiran§eOeLd WoRmetic fRBE dith thd1Sarmpasihem Rrbd nrhsreﬁamq ﬁxeaémm%"f@ndar d

prepar ations Retween 350 and 200 nm wusing water as the bl ank.

wavel engt h SPYHYL nmay be 15 varied dependi ng upon the UV cut off of wat er .
6. Make dilutions as necessary to obtain a concentration suitable for

10  quantitative measurement.

Procedure
1. Obtain the spectra of the sample and standard preparations
between 350 and 200 nm, using water as the blank. The wavelength range may be
15  varied depending upon the UV cut off of water.
2. Calculate the aqueous solubility with the following equation:

(As) (Ds) (Wg-Wt) (S)

mg/mL =
20 (Ar) (Dr) (V)
where

As = absorbance of the sample preparation

25 Ds- = dilution factor of the sample preparation, mL
Wg = gross weight of the reference standard and container, mg
Wit = tare weight, mg
S = strength of the reference standard, decimal
Ar = absorbance of the reference standard preparation

30 Dr = dilution factor of the reference standard preparation, mL
\Y = amount of solvent evaporated, mL
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2. Cal culate the aqueous solubility with the foIIowi ng equation: (As) (Ds)
(W-W) (S) ng/nL = - 20 (Ar) (Dr) (V) where As = absorbance of the sarrple

preparation 25 Ds- = dilution factor of the sanple preparatlon! gL W =

gross vver‘ght of the ref erence standard and cont ai ner, m}o‘mv re weight,
2AYPHSBF the reference standard, deci nal Ar =pebaginanse of the

reference standard preparation 30 Dr di I ution factor of the reference

standard preparation, nL V = anpunt of sol vent evaporated, nmL WO 02/ 064543

10 Nov W PCT/ US02/ 04103 Exanple 2 Hard Gel atin Capsul e Dosage Form

| ngr edi ent ng/ capsul %V w e 116.7 ODV succinate(75 as free 39.5 base)

Lact ose Fast Flowl77.360.0 Magnesi ubBxanigépat el. 50.5 Tot al 295. 5100.0 5 The

active ingredient is sieve ded with th I|sted exci pi ents.
Suitably sized hard gelatqa&ﬂgeﬁ{ gD i ng suitabl e machinery

and methods wel| known in the art. Other doses may be prepared by altering
the fill weight and™ T Tjigredient mg/capsul %ow/w
e
ODV succinate 116.7 39.5
' (75 as free
base)
Lactose Fast Flow 177.3 60.0
Magnesium Stearate 1.5 0.5
Total 295.5 100.0
5 The active ingredient is sieved and blended with the listed excipients. Suitably

sized hard gelatin capsules are filled using suitable machinery and methods well
known in the art. Other doses may be prepared by altering the fill weight and, if
necessary, by changing the capsule size to suit.

10 Example 3
Preparation of O-desmethyl-venlafaxine Free Base

Dodecanethiol (122 g), venlafaxine (111 g), and a methanolic solution of
sodium methanolate (30%, 90 g) and PEG 400 are heated to 190°C. The methanol is
distilled off and the solution is stirred for 2 hours at 190°C. Then the temperature is

15 lowered, 2-propanol (450 g) is added and the pH is adjusted to 9.5 with aqueous HCI.
The precipitate is collected by suction fitration, and the cake is washed with 2-
propanol, toluene, 2-propanol and water. The wet O-desmethylvenlafaxine is dried in
vacuo.

Yield: 87¢.

20
H-NMR: (Gemini 200, Varian, 200 MHz) (DMSO-d6) & = 9.11 (s, br, 1H; OH), 6.98 (d
br, J = 8.4, 2H; arom.), 6.65 (d, br, J = 8.4, 2H: arom.), 5.32 (s, br, 1H; OH), 3.00 (dd,
J =123 and 8.5, 1H), 2.73 (dd, J = 8.5 and 6.3, 1H), 2.36 (dd, J = 12.3 and 6.3, 1H),
2.15 (s, 6H, 2 x Me), 1.7-0.8 (m, 10H, c-hex).
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necessary, by changing the capsule size to suit. 10 Exanple 3 Preparation
of O desnet hyl -venl af axi ne Free Base Dodecanet hiol (122 g), venl af axi ne
(111 g), and a nmethanolic solution of sodium nethanol ate‘diﬁ g) and
PEG 400 are heated to 190C. The nethanol is distilled off and e solution
is stirre®S4Bours at 190C. Then the tenperature i s RG/VHHEIEH,
2-propanol (450 g) is added and the pHis adjusted to 9.5 with aqueous HCI.
The precipitate is collected by suction filtration, and the cake is washed
with 2- propanol, toluene, 2-propanol and water. The wet

O desnet hyl venl afaxine is dried in vacuo. Yield: 87g. 20 'H NWVR (Gem ni
200, Varian, 200 MHz) (DMSO d6) 8 = 9.11 (s, br, 1H, O, 6.98 (d, br, J =
8.4, 2H, arom), 6.65 (d, br, J = 8g4am lg;4arom) 5.32 (s, br, 1H OH),
3.00 (dd, J = 12.3 and 8.5, 1 2. 73 d, J 8.5 and 6. 3, 1H) 2. 36
(dd,J=123and63-4Pﬂ?£'-°L%ﬁﬁ—€@e—t verJafaxige\FreeBase) g (m 1 OH,
c-hex). -28 1 0v&caséf&mevwm@/é)ﬁ%ﬁaemél@seﬂh%kqsgaawbrearged%eweatI on of

sod um Sa (e g7 TP ey s AR, B 1488 s TR cdBEF e xt ur e
i's heated ttempeetbré iy Ioweraduarsi wIteeis adided @érg)efm aHgs iadjusteddo S aitt wat er
is added (G4pa). THSrg QIHS b§ pRAILAS bR dnfved gy%FﬂtlomﬂmegtJ{é@ (%lg)aﬁ'h% of the

by- product s are rem)ve extract| on wth t anes
aqueous | aydt o he h%’r‘l’e%ﬁ eRds theng agiugied noaBa et 2aHeRYSi %[“m‘lﬂf‘ié
preci pi t at erédpittd iscedliected by ssuetianofitrétidnt FeslueRd i vatdr (100 gY) |$dlht§@lb?r (100
g), |slat iltration and dried in vacuo. Yield 1 g.
R O Geg";tb%fﬁ%%m“ %’f’g%{ t‘é’@fimlsz) (DVBO-d6) 5 = 9.11 (s, br, 1 H OH),
6.98 (d, DbDfielddg= 8.4, 2H arom), 6.65 (d, br, J = 8.4, 2H arom), 5.32
(s, br, 1HO—|)300(dd 15J:123and85 1 H, 2.73 (dd, J = 8.5
and 6. 3, 1.H, 2.36 (dd, J = 12.3 and 6.3, 1
-NMR (Gemini 200, Varian, 200 MHz) (DMSO d6) = 9.11 (s, br, 1H; OH), 6.98 (d,
br, J = 8.4, 2H; arom.), 6.65 (d, br, J = 8.4, 2H; arom.), 5.32 (s, br, 1H; OH), 3.00 (dd,
15 J =123 and 8.5, 1H), 2.73 (dd, J = 8.5 and 6.3, 1H), 2.36 (dd, J = 12.3 and 6.3, 1H),

2.15 (s, 6H, 2 x Me), 1.7-0.8 (m, 10H, c-hex).

Example 5
Preparation of O-desmethyl-venlafaxine Free Base

20 Dodecanethiol (69 g), venlafaxine (65 g), and an ethanolic solution of sodium
ethanolate (21%, 82 g) are charged to a pressure vessel. The temperature is raised to
150°C and the reaction mixture is stirred for 2 days. Then the temperature is lowered
and the solution is filtered. The pH of the filtrate is adjusted to 9.5 with aqueous
hydrogen chloride. The crystals are collected by suction filtration. The cake is washed

25  with ethanol and dried in vacuo.

Yield: 42g

'H-NMR: (Gemini 200, Varian, 200 MHz) (DMSO-d6) § = 9.11 (s, br, 1H; OH), 6.98 (d,
br, J = 8.4, 2H; arom.), 6.65 (d, br, J = 8.4, 2H; arom.), 5.32 (s, br, 1H; OH), 3.00 (dd,

30 J=123and 8.5, 1H), 2.73 (dd, J = 8.5 and 6.3, 1H), 2.36 (dd, J = 12.3 and 6.3, 1H),
2.15 (s, BH, 2 x Me), 1.7-0.8 (m, 10H, c-hex).
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2.15 (s, 6H 2 x Me), 1.7-0.8 (m 10H, c-hex). Exanple 5 Preparation of

0- desnet hyl - venl af axi ne Free Base 20 Dodecanethiol (69 g), venl afaxine (55
g), and an ethanolic solution of sodium ethanolate (21% 82 g) are charged
to a pressure vessel. The tenperature is raised to 150C qgdNgyhgpgeaction
mxture is stirred for 2 days. Then the tenperature is lowered and the

sol ution wWORMPGEBed. The pH of the filtrate is adjustedPCHUSOBONG3: h
aqueous hydrogen chloride. The crystals are collected by suction
filtration. The cake is washed 25 with ethanol and dried in vacuo. Yield:
42g 1H NVR (Gem ni 200, Varian, 200 MHz) (DVMSO-d6) 8 = 9. 11 (s, br, 1H
oH), 6.98 (d, br, J =8.4, 2H arom), 6.65 (d, br, J = 8.4, 2H arom),
5.32 (s, br, 1 H O4, 3.00 (dd, SOE_QLQ._:% and 8. 5 1 H) 2.73 (dd, J =
8.5 and 6.3, 1 H, 2.38, A ofol nel. ree 5 (s, 6H 2 x M),
1.7-0.8 (m 1 OR c- hex-)—&%%—ﬁm—%é# S02/ 04103 Exanpl e
6 Preparation of Al2desuitinepked daskagauiipes With @emeriisaical stivref, awipmomaieked

flask, equi gpﬁ'g ‘Pés"sll?reaedﬁﬁﬁi?ﬁd“ki%blngfhﬁrfeﬁrandaa bl%%remm@ﬁon he'éd JeqblpBé@Ssur e
equaI|2|ng roppi ng funnel

ai sen distillation ui_pped
with a ddwnWiP@ dwmwarkseqndgpsesatiaahadoiop & Ly repaiuss %\ramwnafaga Hugha
t ake- of f, ngécéd &ﬁ@d\eatl’hgambﬁwél rrger@aémawasTbagscysmtemm@nparrdg@fhtmgéﬂn | ask
nitrogen and, a nitrogen i i on as
was c%ar ged? Wotsﬂhezf.e Sﬂqad 3'86 ﬁiﬁé glsgpgg{% P&’}Sgﬁg@s@ﬁ“&?‘@wﬁ Pact ri de.
The dr oppi n§.55uncier ema&s)ccn‘a‘r dbdl-seiechida. Bl dropring dtﬂnr@D@a@@hgrg(Ed) With0a nol ) of
venl af axi ne hase b %&)&? deod 3P 8?-%] rﬁlsfaé&h%a qtf@lt{gsé @gf D?wet hane

of venl a

whi | e mai nt a| ni ng gen at nos ution axi ne
base wa30 adael@vdfqysm%rqutm%athen%érvf@etm@'efémw th‘ﬁ BIROGRIE AIMCSPRRIR odPRf 15

m nut es usi Bguidnn&eenRfaxineZ bade TR yed e tidred BLBleblkide 2oktiéh 3¢drSa kQ) .

Hydr ogen vvas vent bubbl ed t di spersi.on be In r.

si gni ficantP qgt"m esc‘ﬁ%\%'é“&?@ﬂ??%@“%ﬂ?’fyﬁ apﬁéf)ééwp:ﬁo%?(b%ég&k@'

dr oppi ng f uhimd!bgtwasvas epintexe @ndi bubbledsthmoughr a 4digpeirsiomdhibe: Hate geatemi t Mo
significant temperature change occurred during the addition.

15

The dropping funnel was replaced with a similar 4 L funnel charged with

2.4276 kg (2800 mL) of anhydrous 1,2-dimethoxyethane. The system was again

purged with nitrogen and a nitrogen atmosphere was maintained. The solution was

heated and distilled at atmospheric pressure until the liquid level reached the 4 L. mark

20 and the reaction flask temperature was 84-85°C. While distilling, 2.4276 kg (2800 mL)

of 1,2-dimethoxyethane was added dropwise at a rate which maintained the liquid

level at the 4.00 L level until the temperature in the reaction flask reached 93-94°C. A
crystaliine precipitate was observed. The distillate was discarded.

25 The stirred slurry of crystals was cooled to 90° C, the stirrer was stopped, and
the dropping funnel and distillation equipment was removed. The flask was then
equipped with a reflux condenser fitted with a nitrogen inlet. The system was purged
with nitrogen and a nitrogen atmosphere was maintained. The slurry was stirred and
heated at reflux under a nitrogen atmosphere for about 19 hours. The initial

30 temperature of the slurry at reflux was 94-96° C and the final temperature was 97°C.

Copious crystallization occurred. The slurry was cooled to room temperature.

-30-



2.4276 kg (2800 nmL) of anhydrous 1, 2-di net hoxyet hane. The system was again
purged with nitrogen and a nitrogen atnosphere was mai ntai ned. The sol ution
was heated and distilled at atnospheric pressure until the liquid |evel
reached the 4 L mark 20 and the reaction flask tenperatur | H90Vo R 5C.

Wi le distilling, 2.4276 kg (2800 nmL) of 1,2-dinethoxyet hane waS added

dr opwi se at wa matsswhi ch maintained the liquid |evel at toeuwdedQids | evel
until the tenperature in the reaction flask reached 93-94C. A crystalline
preci pitate was observed. The distillate was discarded. 25 The stirred
slurry of crystals was cooled to 900 C, the stirrer was stopped, and the
droppi ng funnel and distillation equi pnent was renoved. The flask was then
equi pped with a reRllof distiedevsserin § 20 Ldrav fidskavasipurged &ith nitlogén to TeRogy/ st em

was purged ithonit a fit en her e was_mai ntai ned. .The
slurry was s\tl&lx}&é' né'i\(gagg%e@@g%?' afHeréng'u “%%”gsé%éed;\?st 1oGeH At t’ﬂ% ig/ﬁgelrés f or
about 19 hourhereirgfier rafertadp agnitragap priged distided wéter".sl urry at refl ux was
94-96 C and the final tenperature was 97C. Copious crystallization
occurred. The slurry was cooled to roomtenperature. No Nov M WO 02/ 064543
PCT/ US02/ 64103 12 The beatinagrantie y@s frpeyedandgeplacad withr anice/vaisk batado pingyed

Wi th ni tCI rogenhd Genfipsidtue ofOky geattion chitare 16 medi ?ddnd@em}ﬁ?ﬁu@grméﬁﬂhs\kaﬁas
repeat ed as r Thi Lo reinafter referr .0 as "npitrogen
purged di sti {éﬁg'ggg\f\“g%? .%ﬁﬁgbﬁé%%r‘?ﬁanﬁn%’ﬁ‘ﬁl CORRY ‘P@?ﬁﬁw ea?ﬁﬁecféeﬁPﬁ%d Wit h
an i ce/ wat er niigtile wes moblag withhan icefsjpehalt hate tofobtdire ar eapkiature rof XBELR0SCE 0 near
room t enper atyt.e. i i 00. ur.e

equal i zi n dtr"g'ﬁn'%i”r‘m%n’?’ﬁ%@&m%}%%'es‘tﬁ%ﬁ‘%ﬁéﬁ‘eegt{"? slechorfodlie REESRMESed by i ¢ 1,
an i ce/ all@ohesronwigehadditiostaf £1-396kat @A arlatalitle pitrogen parged digtiledevatéte Tia r ogen

at nosphere sy J r i bt d 1 opw se
additon of & ogH 3%&“( B8fbrolkd 2ol 8RS | An fah b Sﬁr}“@i’éﬁﬂt‘é“ﬁ‘ 2, J0he o
addi ti on was tempfaraturg wge &o1%84t © aprgiraswl of anexothereThe mixurp Vag\stizsCat The

tenperature LabRnt RrigradreGodsbodt 1 RS tA @ﬁcka%n-%o;sreagfate,Wﬁchm'«a?g_tfurn?edﬂﬁs
stirred at anbluent t enFer %éurte for ta‘POUt 1 hour. A thjck gel -like
preci pi t at e, MHAEHVARSOTGHRL W i3 FYFIAIDS, PrefiRitate AR Bl RevPd: VRIS &heal | i ne
preci pitédbe deacliongmitiure yesrmadtaingthin etriteogeh atressphe@n the flakkivas wBSipped
Tl nt ai ned | (i BeeifkLs B0 HEBS RN et EorldeAsds | bR
. . Wit I I ti \ a S 3 a8® ~
Cl ai sen distil f'at_ I on heg@, a %gv_vnwar con %ns?er_ th .agvac%ﬁgnoﬁ\agl?é-aoff and
a 5 L recei WAgPincaBaskeifled Bcaniiee/waier bathwdhe stitastactipn @igeremes diistilert t i on
m xture was @h&driguhtvaccum (109-134 mm Hg) down to the 2.80 L mark at a distillation flask
temperature of 25-38° C. The distillate was discarded. 3.00 kg (3000 mL) of nitrogen
20 purged distilled water was added.
The stirred mixture was distilled under pump vacuum (113-187 mm Hg) down
to 2.80 L at a distillation flask temperature of 35-50° C to form a biphasic mixture. The
distillate (Distillate A) was discarded by the Waste Treatment procedure described
below. The warm biphasic mixture (35-40° C) was transferred to a 4 L separatory
25  funnel using rinses of 600 mL of nitrogen purged distilled water and 0.5296 kg (600
mL) of toluene. The two phases were mixed and then allowed to separate. A small
quantity of solid at the interface was discarded. The aqueous layer was extracted
consecutively with toluene (2 x 0.5196 kg, 2 x 600 mL) and heptane (0.5472 kg, 800
mL). The organic phases (Extract A) were discarded by the Waste Treatment
30 procedure described below. A sufficient amount of nitrogen purged distilled water was

added to the aqueous layer to achieve a volume of 3.60 L.
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under punp vaccum (109-134 nm I-lg) down to the 2.80 L mark at a distillation
flask tenperature of 25-38 C. The distillate was di scarded. 3.00 kg (3000
m.) of nitrogen 20 purged distilled water was added. The stirred m xture

was distilled under punp vacuum (113-187 mm Hg) down @ﬂﬂ#&a :
distillation flask tenperature of 35-50 Cto forma bi pha5| The
distillateVPB¥%43 ate A) was discarded by the Waste Tr e RGHERO2/Medur e
descri bed below. The warm bi phasic m xture (35-40 C) was transferred to a
4 L separatory 25 funnel using rinses of 600 nL of nitrogen purged
distilled water and 0.5296 kg (600 nl) of toluene. The two phases were

m xed and then allowed to separate. A small quantity of solid at the

interface was di é\cé?d'edmu*f'ﬁ\?dé?ﬂjé@% wasy SAuiRped Mthy gc Mmaghanieahsdioat i g el y

Wi th tol uenenef@opetdr, S ak@ndenser 6B alnitraded iMEPt ane ffa@k%_rpd? td 3/9!? 33‘—)
reat men

The organi c_phases re di scarded by the Waste
procedure dg 89?%3?10(%8't‘r8%?n i”ﬁ’ﬁweff% WaR MalRned in g‘? € asky ogen purged distilled
wat er was added to the aqueous |ayer to achieve a volunme of 3.60 L. 110

NV 20 VD 021 0645435 BT/ 45051 Ok tkpclorBld na SRR, [ sk YRS Ay pped

wi th a nmechanical stirrer, ernoneter, and a condenser WI trogen
inlet. The #olatgo V@ﬁscqﬂﬁdgé@emmrﬁgemtq ‘rQa@@rpwttUaaIm/wategbathaﬂ:mphéﬁ@ was

t d I to th
mpty 12 L [T pSuls ARty SBog Rl 390 R 12 Bk N SR 1o 15

C with an i B©pPyisede ”Eaitt'ﬁed FP'EPﬁ'hW'l'@ODa'nWLmQQﬂé@éﬁjﬁ@f@q@aﬂtﬂﬂﬂtﬁ@ Cdmtbqibe ng
funnel , 410icBhuefdr toth BndAtOs 06! 6 526 o Yas agldRdl AR Secibid s StiTred

solution while maintaining the tenperature at i Cel wat er
bat h and® unfaeg pH of 3.5 0 2 was reached. A snall preC| pitate was 10
formed. The resulti ng suspensmn was filtered through a Oellte pad on
pol ypropyl ene m Buchner funnel necked

fl ask equi pped V\j- T%reﬁ""?ﬂ@é}‘\%?ﬁ?‘é'g? Was; TPtergd thff”?’h@r %%P@? °“a°°&y8Fﬂ9¥lﬁ§%r with
a nitrogen ¢lnpthetn an® ami1Bohnat furhepirds subel. enpithecked (fladk ogmpipped fwithnel . The

filter pad wRshpmshaeM 5 %eﬁggmaier coerehEt—?%fh Qgrtr\%ﬁghmléttdnhl £hodaher - The

filter funnel was renpved stemvvas trogen an again

mai nt ai fed PIESsHreqardFEw gpﬁﬂ@%ﬁ%’?"@' TOe flter s1dr wasy washest wWilh 30§ anliof of 10 N

nitrogen purged distilled water.

The filter funnel was removed. The system was flushed with nitrogen and

again maintained in a nitrogen atmosphere. To the stirred solution, 76 mL of 10 N

20  sodium hydroxide was added from the dropping funnel until a pH of 9.6 + 0.2 was

reached. The resulting slurry of crystals was cooled to 5-10° C and the slurry of
crystals was maintained at 0-5° C for about 1 hour.

The solid was collected on a polypropylene cloth in a 19 ¢m Buchner funnel.
25 The filter cake was washed with 3 x 200 mL of nitrogen purged distilled water. The
filtrate was discarded.

A 12 L multi-necked flask was equipped with a mechanical stirrer, a

thermometer, and a condenser with a nitrogen inlet. The flask was purged with

30 nitrogen and a nitrogen atmosphere was maintained in the flask. The flask was

charged with 3000 mL of nitrogen purged distilled water and cooled to 15-20° C with

an ice/water bath. The solids collected on the polypropylene cloth were added to the

stirred water in the flask and stirred at 15-20° C until a smooth suspension was
obtained (about 30 minutes).
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20 sodi um hydroxi de was added fromthe dropping funnel until a pH of 9.6
0.2 was reached. The resulting slurry of crystals was cooled to 5-10 C and
the slurry of crystals was naintained at 0-5 C for about. %mMThe solid
was collected on a polypropylene cloth in a 19 cm Buchner I 25 The
filter cakgowassmmshed with 3 x 200 nL of nitrogen purgegcaivsbtidshed water.
The filtrate was discarded. A 12 L nmulti-necked flask was equi pped with a
mechani cal stirrer, a thernoneter, and a condenser with a nitrogen inlet.
The flask was purged with 30 nitrogen and a nitrogen atnosphere was

mai ntained in the flask. The flask was charged wth 3000 nL of nitrogen

purged distill edm@fssﬁd ﬁaéica@aw@rtao é@ma&yu&evuéth in @mg Srﬁ/BN%ﬁr?err - The

solids collected on ene wer e adde he stlrred

water in th&singHoR "&lﬂ&f Q'Erpg?'bﬂ”ﬁ?d ﬂ'St'"Eé "@t?fntpl qon?u"'%t?rﬁ"(‘ﬁ Ha@ﬁpé'%lfﬁwr was

obt ai ned (alé@kg WBQWEEHddtvﬂm)wateriiQ x-3bol mwdm&d \@d%/\ﬁﬁll‘&ﬁ%dRﬁTbb@@Z/ 04103
The solid cte ol ypro ene cloth in I% r f unnel
Lot ng 600 miTeAeR T 8aDRet BT UMM 3R 8 da il Vil e eeBt T B s o
The filtér flagkforabout\baisiuex] Thet whiteedotid was drie® 00a raguuamdveii Untler @iopburdp dam was
formed on t f the fi | . n i rator
vacuum was &%%‘l%ﬂb%f @oqﬂﬁ!égt?eolruf ﬁeb&ggff I%éuld %as ?%sﬁwiédg“ﬁgeﬁ-ége.%q%ege\slﬁ?fe solid
was dried i fo eonstentiweigbly dineyieltewaso?0.7% hf.3 Q)I&tﬁ!l-@rﬁmlyws@ﬁg@“r ordfturity 18

hours. The ; : wei ght
o oy W SMABAEE, EARIR AR el ) (AREPORFE o (rBGARS @Y, 1o

98. 8% Irrpuror1l4| s (excl udi ng i norganics) (ww: O. 046% Ash (i norganl CS)
(Ww: 10.14% . 10 Waste Treatnent The waste to be di scarded contai ned

byproducts, ,such_as, tri s(1-nethyl propyl)- borane and
tris(l-rrethﬁgé&%-yf%@%roxi n. A22 L or 50 L nulti-necked flask was
equi pped with a ifeeastedmbe distardast Gontaindddynmdetier suchrad tas(t-oethyipsenywi t h a
nitrogen 15 bb&hstandw@ufrhaﬁiﬂ%r\eﬁﬁ) BAeEEd Adohy it 5(99.eﬁwuh'ﬁ1ee%daﬂfskr\$§§ one
valve and a nitro ere was maintained |In
equipped with a mechanical stirrer, a thermometer, and a condenser with a nitrogen
15 inlet. The flask was purged with nitrogen using a Firestone valve and a nitrogen

atmosphere was maintained in the flask.

Distillate A and Extract A were combined in the flask to obtain a biphasic
mixture (4.00 L with 400 mL of an aqueous bottom phase) under a nitrogen
20 atmosphere. The stirrer was started and 600 mlL. of 10 N sodium hydroxide and 600
mL of water were added. A slurry of sodium perborate tetrahydrate (1.848 kg, 12.01
moles, ~3 equivalents per mole of tris(1-methylpropyl)borane) in 12 L of water was
added in portions with ice/water cooling over about 20 minutes to maintain the
temperature at 28-38° C. After the exotherm had subsided, the mixture was stirred at -
25 22-23° C under a nitrogen atmosphere for about 18 hours. The solid dissolved and

two liguid phases remained.

The stirrer was stopped and the phases were allowed to separate. The upper

phase was examined by gas chromatography/mass spectrometry to determine if any

30 tris(1-methylpropyl)borane or tris(1-methylpropyi)boroxin was still detectable. If any
was detected, 80 g (0.52 mol) of sodium perborate was added as a slurry in 400 mL of
water and the solution was stirred at 22-23° C for about 18 hours. Once tris(1-
methylpropyl)borane and tris(1-methylpropyl)boroxin were no longer detectable in the
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Distillate A and Extract A were conbined in the flask to obtain a biphasic
mxture (4.00 L with 400 nmL of an aqueous bottom phase) under a nitrogen 20

atnosphere. The stirrer was started and 600 nL of 10 N sg NOV' Jogsir oxi de and
600 niL 0\%0"&@)0@?4 Mmere added. A slurry of sodi um perborat tetrahydr ate
(1.848 kg, nol es, -3 equival ents per nole of PCT/US02/04103

tris(1l-nethyl propyl)borane) in 12 L of water was added in portions with

i ce/water cooling over about 20 minutes to maintain the tenperature at
28-38 C. After the exot herm had subsided, the m xture was stirred at 25
22-23 C under, en atna.@ here for about 18 hours. The solid dissolved
and two | |§ & wap ghacked fosjts dizing oanmbilitys(fod exdraplghases
wer e al | ondde tomestbqﬂgsaneexéélseswmrperba&a@ev.m@@r@x,gm@g%)gpy gas

chr omat ogr aphy/ mass spectronetry to determne if any

tris(1l-met hyI propyl )borane or tris(1l-methyl propyl)boroxin was still

det ect abl e. Q%/p hagas ofhecsoluign wae gle(t(}seﬁératedl )Tl'xeftoﬁ@ebaplm rhpgat e was

added & acahmﬁéd%mtﬂbtﬁ&cbr@ém@%ast%ﬁ{thﬁ@f‘w I?(HDUJ’Q: egaﬁhétahﬁéo%‘é' at 22-23

C for abou 3 ) (]9“ t’\ﬁéé_ul

tris(1- rret &8697";'88 Yih pthgeaaHeqys we'ﬁgérpmd ecﬁlmblséobadtslmdedSS WO

02/ 064543 10 NOV 2Q PCT/ US02/ 04103 upper phase, the agqueous phase was
checked for exa Ie due to peroxi des and
excess sodi um ;Terggé)l@‘évﬁwg;bgoce? re§ ﬁs d’lifr\?ézxﬁ'gg@ﬁ H@'Cp\hasgs of the
solution were then separated. The top organic layer was 5 conbined with

ot her 1ar gani c waste from t he %%}Eﬁé‘}"& rD%,Q . gi scarded. The aqueous | ayer

was conbi ned wi ot h \(}geous synt hesis to be discarded.
The fol | owi ng e UM Py eha $himagrue XRD-6D00 Detayvpowkddr X- Ray

Powder Di fduﬁfraciomenar mmaml SR BonNETIR ;ﬁs&fdnﬁeﬁﬂns%hﬁeéurﬁmﬁg'flﬂ?%g% RD6000

X-ray po I sLn Ka radiatio

equi ppedmﬁ\n’g% juof! f-rlf‘%le %3{:6&}56?%" grtag%gereﬁeéa{ﬁq)gvigag\ép %demfedebfge Were

set at 40 ¥g dg\f?ﬁgemee Apd S¢%§§pegt8lltve%ye at Thanddthy eeganeesids 3604 R4 Ng slits

were as 10nmnd3ﬁﬂaet ae&@a ffracted
i g g ey 5Pyl ol ) o

radi ati on t het a

cont i nuousfwg%ﬁhn '§P°L§ Wr‘?‘t (300/'2?'“390(51 %19 03t etpp) framp A 52toHAQ WoABsAGedaR used. A

silicon standard was analyzed each day to check the instrument alignment.

~

In cases where preferred orientation [vide infra] occurred during X-ray powder
20  diffraction, the ODV succinate was sometimes placed between folded weighing paper.
then ground with an agate pestle and re-analyzed by XRPD,

Thermogravimetric Analysis (TGA)

Thermogravimetric analysis was conduct on a TA Instruments 2950

25  thermogravimetric analyzer. The calibration standards were nickel and Alumel™,
Approximately 8-20 mg of sample were placed in the pan, accurately weighed, and
inserted into the TG furnace. The samples were heated under nitrogen at a rate of
10°C/min, up to a final temperature of 300 °C, Weight derivative (% / °C) was used to
determine total weight loss between 40 °C and the temperature at which the derivative

30  was zero (usually 150 °C). The results of TGA for Examples 8-12 below are shown in
Figure 8.
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silicon standard was anal yzed each day to check the instrunent alignnent.
In cases where preferred orientation [vide infra] occurred during X-ray
powder 20 diffraction, the ODV succinate was somneti nes maﬂﬁ‘? et ween

f ol ded (g‘BI ngvgaper, then ground with an agate pestlé -~anal yzed by
XRPD. Th metric Anal ysis TGA Ther nogravi netri c MTAIYFPK0Ivas conduct
on a TA Instrurrents 2950 25 thernogravinetric analyzer. The calibration
standards were nickel and Alunmel TM  Approxi mately 8-20 ng of sanple were
pl aced in the pan, accurately weighed, and inserted into the TG furnace.
The sanpl es were heated under nitrogen at a rate of 10C/ mn, up to a final
tenperature of 300 C. Wi ght Riffetent, Seanpina CGalgrinEfrywas used to determi ne

total weight | @sC bebneweR Grasy ouhen t#ﬂ‘nern@&&m&wt@dnfféffyn ;Q écgﬁil.g(?“ vative
S

30 was zer he_resul s of e bel ow are
shown in 'oé%égergg&i R[S%"T}@IIW'@ZT@)Q %p'P@’PF B@G%’ G’iplgg)sg Ao pRGt

Scanni ng (a8 weightacoyradSCresnaley s Fhe wan eas dematidalysealod Ea%alnib‘ﬁet wagrent s

o LfcE&?”El’%htaea%e%%ge“a‘f‘égH“E‘E’* P st vp OB PRl ot g s
her met i calM8falowas wed as-tba calibraion S\Fﬁ@a@ hiderasigd fetempetatuweeareatt tise r at e of

10 T m n, tiapsitieh nakala. TRERSYLAS bSO for 2R8plel BAS, UM a%Ef: as the
calibrati %Fﬁ rhdard Reported DSC tenpgrﬁgteures arae aﬁeﬁw?ra% tion

maxi ma. T ts of DSC for Exanples 8, 9, 11, and 12 bel ow are shown
in Figure 6. 10 DSC  ass Transition For studies of the glass transition
t enpergture (T& of the anorpho t he sanpl e was heated under
nitrogen at a rate of 10 Cmn b3 Fa?.ELr neiion terrperature of 250 C. The
sanpl e pan was FREPtHEES efa‘IhP)@'a%é[P@"dﬂonltSmEﬁratﬂm €T 7ofRhe pap@housmatbridipr m | of

ODV Succi lm'etﬁamfbléwbs Audtbd umee lﬁ%géﬂ Qt%aat@giu’ldl@?r%n"t\f tt@aﬁ‘inéttc%]rﬁéé?%ture

thernnnet condenser nltro en inlet attac

Fi rest one va? e SR Was "é?”ﬁﬁtéﬁal%ﬁea e

15 ‘ Example 7
Preparation of Form | of ODV Succinate

A 5 L multi-necked flask, equipped with a stirrer, a thermometer, and a
condenser, with a nitrogen inlet attached to a Firestone valve were placed in a heating
mantle. The system was purged with nitrogen and a nitrogen atmosphere was

20 maintained. 1.668 kg (2111 mL) acetone and 0.667 kg (667 mL) water were charged
into the flask. The stirrer was started and 0.250 kg (0.949 mol) O-desmethyl-
venlafaxine free base (prepared as described in Example 6) were added. The
suspension was stirred for 30 minutes. 0.1155 kg (0.978 mol) succinic acid were
added and the transfer was completed with rinses of acetone (0.186 kg, 236 mL.) and

25  water (0.075 kg, 75 mL). The suspension was stirred, warmed to 60° C (x 3° C), and
maintained at 60°C (+ 3° C) while being stirred for 30-60 minutes. A clear to cloudy
solution was obtained. The mixture was then filtered through a filter comprised of
polypropylene cloth with a filter paper underiay into a 5 L multi-necked flask equipped
with a mechanical stirrer, a thermometer, and a condenser fitted with a vacuum outlet.

30  The filter funnel was rinsed with warm (50-60° ‘C) aqueous acetone (24:76 viv, 427
mL). The system was purged with nitrogen and the solution was cooled to 30-35° C to
induce crystallization. The stirred slurry of crystals was maintained at that
temperature for about 4 hours. The stirred slurry of crystals was cooled to 0-5° C and
maintained at that temperature for about 1 hour. The crystals were collected on a
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mantl e. The system was purged with nitrogen and a nitrogen atnosphere was
20 mai ntained. 1.668 kg (2111 nlL) acetone and 0.667 kg (667 nlL) water were
charged into the flask. The stirrer was started and 0.250 kg (0.949 nol)
O desmet hyl - venl af axi ne free base (prepared as descri bedt 0rNONXTMD| e 6)
wer e added. The suspen5| on was stirred for 30 mnutes. Gcrhid2/kH050. 978
nmol ) succi MQ0246+ ¢ were added and the transfer was conpleted with rinses
of acetone (0.186. kg, 236 nL) and 25 water (0.075 kg, 75 nlL). The
suspensi on was stirred, warned to 60 C( 3 C), and nmuintained at 60C ( 3
C) while being stirred for 30-60 mnutes. A clear to cloudy solution was

b d. Th fi d f ;
. Bof 3 Ip P g pyl e r&lgrq?gllég%l\éq\% filfer \fnﬂ'\ %hlke:@é%r Lhﬂ(argaryl Jf' a a'.5nat"40¥“§'5§'c Ol’mrqltére&kg

fl ask equi ppgsk wadhbd wih BB e8P Calaqeddus meetpna(%t?@rvfmr%x 800 ralycind ﬂdi@wdenser

(5060 ©'0)  oQus SUBIR & SaTE vis v b G5le it J\Geet LPRRR ibuck AT L
ni trogen andagphaozswhuappnad vatheditel eaketfor BGods 'Ebet We'Q’i‘tr@deé fiterycakgWaszat i on.
The stirred sl u%§5€lﬁ Clﬁré‘;btr@u tw&sdﬁg@lﬁh t%%gwﬁ/; dﬁ,ﬁ{H%)t&r@qg@t@mn 1hor

about 4 Iur arry” of crys s cool

mai nt ai ned akoudarhd propedt adasrteerf driecatraiet vacuwou(s0 MineH@)r tstSat $° efas 24

col | ected on a -35 10 NOv W WD 02/ 061543 PCT/ US02/ 04103 pol ypropyl ene
cloth filter™W%h a filter paper underlay in a 15 cmfunnel. The filter
cake was washed Ani XRPR of the QOVIsuCkinaty ik @¥ndit Bigefe!- (24: 76 v/v, 2 x 300 ni)
and filtered for 5 mnutes. A damwas fornmed on top of the fllter wth a
sheet of |atex rubber. An asplrator wa aI|8 q the fllter cake for 1
hour. Th¥ wei ght of t halternptive Preppeati 2 : Ate e product was
dri ed under vacuuymng Eqnmmnwaedaﬂas?@eqxﬁpp@df With 1a2st|rl'murastheﬁtmempt60dam anas

then dried under vac of the
ODV succi nat E°NAESERY \%ﬁ rﬁtrqgfe@dpé;ggf Wﬁﬁ e'Fe%g{nlgv a%éraer% E%C%? (l)'ﬁgog a@@r m | of
CDV Succi nat maftie5 LTheusystenmes kewgefd ik ndtqedeppaed {irogen t ogpherg was

thermonet er, m%ﬂgam%d ch}cqqgsﬁbgd’%ﬁ_? aé’etéHet érQQ@BGO Ré %soaﬁwLﬁwa%d atedctaargdd est one

End 5 i 15 bgito e feskoiioe sirarss strarhes e ko 0ads Mey PBad TR VenHPUlE. and
0. 660 kg (66RedTbdseVBrepire@ s dedtAbgeh Example 6) are added. The suspension is stirred
for 30 minutes. 0.1155 kg (0.978 mol) succinic acid are added. The suspension is
stirred, warmed to 60° C (¢ 3° C), and maintained at 60° C (£ 3° C) while being stirred -
for 30-60 minutes. The mixture is then filtered through a filter comprised of Celite on
20  polypropylene cloth with a filter paper underlay into a 5 L multi-necked flask equipped
with a mechanical stirrer, a thermometer, and a condenser fitted with a vacuum outlet.

The filter funnel is rinsed with warm (50-80° C). aqueous acetone (24:76 viv, 427 mL).

The system is purged with nitrogen and the solution is cooled to 30-35° C to induce
crystallization. The stirred slurry of crystals is maintained at that temperature for
25  about 4 hours. The stirred slurry of crystals is cooled to 0-5° C and maintained at that
temperature for about 1 hour. The crystals are collected on a polypropylene cloth filter
with a filter paper underlay in a 15 cm funnel. The filter cake is washed with cold (0-
5°C) aqueous acetone (24:76 v/v, 2 x 300 mL) and filtered. A dam for the filter cake is
formed with a sheet of latex rubber. An aspirator is applied to the filter cake for 1
30 hour. The weight of the wet cake is about 0.351 kg. The product is dried under
vacuum (50 mm Hg) at 30 + 5° C for 12 hours. The product is then dried under
vacuum (50 mm Hg) at 45 + 5° C for 24 hours. The yield was 85.8% (325.2 g) (HPLC
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15 into the flask. The stirrer is started and 0.250 kg (0.949 not)

O desnet hyl -venl af axi ne free base (prepared as described in Exanple 6) are
added. The suspension is stirred for 30 mnutes. O. 115? k@%%m not )
succinic acid are added. The suspension is stirred, wa rqe 0C( 30,
and mai nt%PA¥YHHE 60 C( 3 C) while being stirred for BOVEW2MIAUt es. The
m xture is then filtered through a filter conprised of Celite on 20

pol ypropyl ene cloth with a filter paper underlay into a 5 L nulti-necked
flask equipped wth a nechanical stirrer, a thernoneter, and a condenser
fitted with a vacuumoutlet. The filter funnel is rinsed with warm (50-60
C) aqueoushnabEisoifepyrities (eaciyding inarganiag))(wiw):ThE%s sh dnerganies) (wd: WO%h ni t r ogen
and the soAdbun0Bf arfy sirRm ieguiitp (Wi): 0.0¢94)0 i nduce crystallization. The
stirred slurry of crystals is maintained at that tenperature for 25 about 4
hours. The stirred slurry of crystals is cooled to 0-5 C and nai ntai ned at
that tenperature for about 1 hourExahmsle8rystals are collected on a

pol yprapyl ene cloth filt i ' er _underlay in a 15 cm funnel.
The fi ﬁ)er cake is wash arlibllo 'l-ig Weilco! 92 acetone (24:76 v/v, 2 x
300 m -) and fiFofrerkwas pregaied foyrdissebvingi 306er mgadfeFdrm | ihal0fedl adetdnea sheet of
| at ex rub i it i i ; i . hour. The
wel ght o b e b bk A B B Pbele ey

vacuum ( 501G piyF refery gyarasater 3t gmbiept iRERE@Urehe product is then dried under
vacuum (50 nmm p)XRRD diGhe BDE duedinaldishbows in Figerel el d was 85. 8% (325.2 Q)
(HPLC 02/ 064543 5 10 10NOV20 PCTI US02/ 04103 Analysis: lnpurities
(excludi ng inorganics) (wWw: 0.0% Ash (inorganics) (ww: 0.0% Anount

of any single inpurity (ww): <0.(EBxdfpleBxanple 8 Preparation of Form 11 of
QDV Succinate Form |1 wWegedir&d o iffof PV NGimee- 1 ng of Form | in 200
m acetone, filtering _ : n nylon disc followed
by vacuum st ri pphd! RS Prep3red asiBaooadiffereal ilingafsshritugs. atn thebfirsht

t enper at urteshnie XEZRDnid Grindivey, QBV/2 SiE 61 el Was FBSWRed Mtdh Sidinfess stdexanpl e 9

15 cylinder with a ball, the sealed container was placed on a Retsch Mixer and milled for
five minutes at a frequency of 30/s. At the end of the cycle, a spatula was used to
scrape material from the walls. The procedure was repeated three times for a total
mill time of 20 minutes. In the second technique, cryo-grinding, 40.5 mg of Form |
was charged to a stainless steel cylinder with a rod, the sealed container was then

20 placed in a SPEX Freezer mill maintained at —96 degrees Celsius with liquid nitrogen.
The material was milled for two minutes at a frequency of 10/s (20 impacts per
second), then cooled for two minutes. The procedure was repeated two times for total
mill time of six minutes.

An XRPD of the ODV succinate is shown in Figure 3.

25

Example 10
Preparation of Form IV of ODV Succinate

Form IV was prepared in the following manner: A mixture of equal amounts of
Form | and Form Il was charged to a saturated, 0.2 um-filtered solution of acetonitrile—
30 ODV succinate at 54 degrees Celsius. The mixture was agitated for a period of eight
days. The slurry was filtered and the recovered solids air-dried. The solids were then
charged to a 2-dram scintillating vial and heated for eighteen hours at 120° C.
An XRPD of the ODV succinate is shown in Figure 4.
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Preparation of FormIll of ODV Succinate FormlIll was prepared using two
different mlling techniques. In the first technique, ball-mll grinding,
290.2 ng of Form | was neasured into a stainless steel 15 cylinder with a
ball, the seal ed container was placed on a Retsch M xer qgdNgy I#gd for five.

m nut es avoaxbeieguency of 30/s. At the end of the cycl €pcdR q%a was used
to scrape material fromthe walls. The procedure was repeate ree tines
for atotal mll time of 20 m nutes. In the second techni que,
cryo-grinding, 40.5 ng of Form 1|l was charged to a stainless steel cylinder
with a rod, the seal ed container was then 20 placed in a SPEX Freezer m |

mai nt ai ned at -96 degrees Cel sius \@xhipld i d nitrogen. The material was
mlled for two m nut e atr f of 10/ s (20 mpacts per second),
then cooled for two nr RO\ Suegipatet wo times for total

mll time of sikedmarpesus fé«mn WDVC@IHTBQGQQ ﬁa%‘a‘ﬁ‘édrb@tcﬁa & Fi gure
S 25 Dongte 16 o e bl Vot R Sice el s ©

prepared in the™foll ow ng
Form | I® m@%@r&éﬁ@@fgrmun&hmmmso 2 umfil ter ed solution of

scetonlri1 e+ 30 S0 SRR WRECE Bl T TS was

agitated for a period of el

recover ed SAMSELCIE 2HI8°. The soI ids were then charged to a 2-dram
scintillating vial and heated for eighteen hours at 120 C. An XRPD of the
ODV succinate is shown in Figure 4. -37 WO 02/ (164543 10 NOV M

PCT/ US02/ 04103 Exanpl e 11 Prepar at Examele 12nor phous Form of ODV Succi nat e

The arf6r phous f or m of We@%ﬁbﬁ%?oﬂﬁﬁ &r@@&‘& Pé/tFChar ging a mxture of
854.1 ny of Forgs C?d”t %QoFen i lating vial and then
placing the viaP 9% eﬂ”i@dﬂe tinepst @ of sycctisoarid, 182 wi afiabetsne, And XRPD of

the ODV suldéigriturified veterwere Bhargadiin S corAGiReN d%@%&ﬂin@%ﬁrry%@ heated

to reflux (about 62° C) until a solution formed. The solution was cooled slightly and

1.2 g of charcoal 2S was charged. The solution was refluxed for about 15 minutes.

15 The solution was filtered through a Seitz filter and the fi lter cake was washed with 5 g

of acetone. The hot solution was then charged into a bulb equipped with a reflux

condenser. A vacuum was applied from the top of the condenser. The solution began

to boil and crystallize. The solution was stirred. The vacuum was applied until the

slurry reached 20° C. The solution was cooled with an external ice bath to 5° C. The

20  crystals were isolated by suction filtration. The filter cake was washed with a mixture
of 11 g of purified water and 45 g of acetone. Air was sucked through the cake for
about 2 hours. About 70 g of ODV succinate was formed.

Alternative Preparation of Form II of ODV Succinate by Fast Crystallization

25 A 2 L 4-neck flask was charged with O-desmethyl-venlafaxine (75.0 g, 0.285
mol), acetone (627 mL), succinic acid (34.50 g, 0.29 mol), and water (197.5 mL). The
suspension was warmed to 60° C and filtered through a pad of Celite. The filter pad
was washed with a warm mixture of acetone (97 mL) and water (30.6 mL). The filtrate
was transferred to a clean 2 L flask rinsing with acetone (80 mL). The temperature of

30  the solution was 28° C. The solution was allowed to cool and crystallization began at
23°C. The mixture was then rapidly cooled in an ice/water bath to 0-5°C. The mixture
was stirred at 0-5°C for 2 hours. The solids were isolated by filtration and washed with
cold aqueous acetone (2 x 200 mL, 25:75 v/v water/acetone). The wet filter cake was
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T. onset occurs at 18 C. Exanple 12 10 Preparation of FormIl of ODV

Succi nate 56 g of O desnet hyl -venl af axine, 26 g of succinic acid, 112 g of
acetone, and 112 g of purified water were charged intojg Noyng§ ner. The
resulting slurry was heated to reflux (about 62 C) until a solution

f or med. 828gf4#t i on was cooled slightly and 1.2 g of PERASEIMI02S was
charged. The solution was refluxed for about 15 m nutes. 15 The solution
was filtered through a Seitz filter and the filter cake was washed with 5 g
of acetone. The hot solution was then charged into a bulb equi pped with a
reflux condenser. A vacuumwas applied fromthe top of the condenser. The
sol uti on iegdn a veguiaiovern@iddsct §EE450 mmeHg)Tioe 48 bbursitoyieldedD\ssuccineted.  The

vacuum wag, his8ad Rhitd cridifls (9 314 28 Fogached 20 C. The sol ution was cool ed
with an extogdrqﬁal oo blatcry sg é"I’he 0 crystals were isolated by suction

filtration. The filter cake was washed with a mxture of 11 g of purified
vat er and'HHSMR (300 it DMSO-dY) 10-85Bs, KR tdYUaLgh HAeHY; 8166 ( aOJ gabout 2

hour s ut te ativ par ati on of
Form IqAb'QZ &56/0%93 %’gt X"b@ﬁé@ J& ’t}ﬂté){"% ﬁ’f)o‘ﬁ\%% 72 ﬁﬁ"%'gc?kﬁf | ask was
charged w-5& (o dib!)sr?eimgsl 3.3 &¢idh, 2.26 (9 4H), 0.528525 Myl 6H), aeeosoe (627
m), succ(i4pl5_c acid (34.50 g, 0.29 nol), and water (197.5 nlL). The

suspensi on was warned to 60 C and filtered through a pad of Celite. The
filter pad was washed with a warm m xture of acetone (97 nL) and water

(30.6 nL). The filtrate was trangiﬁﬁ%@q;;to a clean 2 L flask rinsing with
acetone (50 nL). The tenperature of, e solution was 28 C. The solution

was allowed to cool and crystal t vanal n at 23C. The m xture was then
rapi dl y cool edherratimtdstind pafiesfonbtatinidue |9a5&?recﬂ' ey 10 KicisiRe thearegidhalr red at

0-5C f |t d d with

ool d nqualsaiHor probBftes 8 W8y Blrbol af ki oot ieriraF e £Y mﬁ“f’ﬁs o e
cake was neyaeqwltwwwm/c@eb§4@e¢>mre$92mua_ro® vikoi azal absorptionaafuum oven
at 35 5Qaesi(dip dPebidgd dom oé§d§10LFa§eFl'Bllﬁ/' Rl d.;om\éséHcswz qenﬂangfydrate as

10 o VLS iy ol oG R0 rohe oes 2
3. 12 (dd,Rek.,=137.1096,11838-1842, Havkldenidnsidatéd a gbod dBrrélatibh bdtwébn ra Péff
and human fraction of dose absorbed (Fa) for a series of compounds. Meanwhile,
some other characteristics such as formulable Maximum Absorbable Dose (MAD),
FDA Biopharmaceutical Classification, efc. can also be estimated.
20
Materials
Perfusion buffer (PB) consisted of KC1 (5.4 mM), NaC1 (48 mM), Na;HPO, (28 mM),
NaH,PO,4 (43 mM), mannitol (35 mM), polyethylene glycol (PEG)-4000 (0.1%, w/v),
glucose (10 mM). The pH was adjusted to 6.8 with NaOH and osmolarity was
25 adjusted to 290 + 10 mOsm/| with 1.0 M NaC1. Before the experiment, ““C-PEC-4000
" (0.02 pCi/mL), 3H-mannitol (0.025 pCi/mL), metoprolol (20 pg/mb), and ODV
succinate or fumarate (50 pg/mL) were added.

Rats used in this study were Charles River CD males, ranging in weight from
30 approximately 300-350 grams.

Internal Standard Compounds

Metoprolol (a well-absorbed and passively transported compound) was used
as a standard and tested simultaneously along with the ODV compounds. Glucose (a
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2.58 (m 1 H, 2.50 (s, 3H), 2.36 (s, 3H), 2.28 (s, 4H), 1.50-1.25 (m 6H),
1.20-0.80 (4H). Exanple 13 10 Rat Jeiuvanal Test The rat intestine

perfusion technique is a direct way to neasure the regi agﬁb @orption
properties of a test conpound in the gastrointestinal t ov i ntestinal .
per neabi WQ 026458t i ci ent (Peff) can be used to predict Havese2bnoyi vo oral
absorption of passively absorbed conpounds. Fagerholm M Johansson, and

H. Lennernas, 15 "Conparison between perneability coefficients in rat and
human j ejununi, Pharm Res., 13, 1996, 1336-1342, have denonstrated a good
correlation between rat Peff and human fraction of dose absorbed (Fa) for
a series oYelcabspbaddand wskyrhnhi transporisdmeompbiend) cla acter s thidtfoS UGS as

f or mul abl Wlogidan fdRsendnaobran i iers. FBA B tical
c assificgjth?/gn métt)c. gan g’td')so %gﬁgs,snéi mat 64 29' %Pegr]iaéa‘lg%%&g&?afﬁ%n buf f er
(PB) consiSt2BOBIORER @5‘?% FVp dergitbe therwalenflux agiossrits integinaivall. *NaH2PO4 (43
mV) , mannilatsled 8@nnild wapalsgat 4y befRadg@liv tréidsEdedt .00 gl ucose
(10 mvy. The rgg‘of’ﬁ% %ﬁ}lgﬁ e ig. 8 w tﬁ@NaCﬁEand g%%o%g?ﬁﬁ}c%\s@‘%5
adjusted to y; + 10 WTHSH 0 M NaQl . Before the experi nment,
74C- PEC-4000 (0.02 G /nlL), 3Hmannitol (0.025 C/nL), metoprolol (20
g/nm), andg cal Méfopate or fumarate (50 g/ nL) were added. Rats used in
this study vverg qar.l eis River CD males, ranging in weight from 30
approxi mat el y 3B6eBERIY WEFROT analviie grade: Adighear duentsalvbe @palgiiol  (a
wel | - absorbsays avegte pasarined| promptns per rg@tdpggg@ﬁhmg)ong{a@5qﬁ%gf gé‘ﬁusgfeSt andard

S ucose

051 10855 Jo DRG0 R K= BE ol il s SRR Pt anepior + e
conpound) co@dalys Badipastivitynvas courted imhyiguial sirititatlont soufiter QRallad Yagd), t he
i nt esti nalg|lage bﬁc@ntraﬁéﬁﬂaé%{e‘?ﬂin@gﬁr %OQU%E o%%gge method (Biochemistry

Analyzer). Metoprolol and the ODV compounds were analyzed by HPLC-UV/Vis (HP-

1100 with a dicde-array detector), using a YMC AQ 120 K, 5, 150 x 4.6 mm column

15  and step gradient mobile phase containing water/0.1% TFA and acetonitrile. The

ODV compounds and metoroplol were detected at 226 and 272 nm UV wavelength,

respectively. Blank perfusate was assayed to evaluate the interference at these

chromatographic conditions.

20  In Situ Rat Jejunal Perfusion

The perfusions were performed in three intestinal sections of anesthetized rats:
duodenum-jejunum, ileum, and colon. The lengths of the segments were
approximately 10-12 cm for small intestine segments and 5-6 cm for colon segments.
An inflow cannula was inserted at the proximal end and an outflow cannula was

25 inserted at the distal end. Perfusate was pumped through the segment at 0.19
mL/min, and collected at 20, 40, 55, 70, 85 and 100 minutes.

ODV succinate or fumarate was added to the perfusion working buffer at a
concentration of 50 pg/mL, which is approximately equivalent to a 200 mg human

30 does. The disappearance rates of ODV compound, metoprolol, and glucose were
determined from each collection interval by comparing to the initial compound solution
remaining in the syringe at the end of the 100 minutes. This is to correct for any
losses .due to binding to the syringe or tubing. Meanwhile, drug concentration in
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as a non-absorbabl e marker to describe the water flux across the intestinal
wall. 3H |abeled mannitol was used as a paracellularly transported marker
to indicate the 5 integrity of the intestinal tight junctions. Analytical
Met hods All chemi cals were of analytical grade. After eachf@ﬂé#Ent, al |
t he anal yt -Wv‘o Aspgys were performed pronptly. For isotope ‘det ations,
0.5 L of perq’zusa'te 10 sampl e contai ni ng 14C PEG 4000 anRCBVE0R2AMeEBt ol was
mxed with 5 nL of scintillation cocktail. Radioactivity was counted in a
liquid scintillation counter (Wallac 1409). d ucose concentration was
determ ned by the glucose oxidase nethod (Bi ochem stry Analyzer).

Met opr ol ol ggrquthee CD\{ conpounds \M'%&e anal yzed by HPLG-UVN s (HP- 1100 with
a di ode- arr By ' HEreeABRIFS WHE opyresteqirs widprifyx/efiind, which m@s gomp@edrhased urm 15
and step gr adi‘GAPE@EBIBOD eopdeasationahtmjesi ng wat er / 0. 1% TFA and acetonitrile.
The ODV conpounds and netoroplol were detected at 226 and 272 nm W

wavel ength, respectively. Blank perfusate was assayed to eval uate the

i nt er f er encE2@Anahsise chr omat ographi ¢ conditions. 20 In Situ Rat Jeiunal
Perfusi oj The pesfRséqas M WalEEfLrmed in three intestinal sections of
anesthetized rats: duo euumélej unum ileum and colon. The |l engths of the
segnments were a%‘iﬁ%ﬁ’iynﬁf[e 4990 wigsfdstersingd td ptavislei inferrsaignestt sheand 5- 6
cm for col cintegeiyrat thesperfudéd intklirtiVsdgmiigtl @ was i nserted at the proximal end
and an outflow cannula was 25 inserted at the distal end. Perfusate was
punped t hrough the segnent at 0.19 nl/mn, and collected at 20, 40, 55,
70, 85 and 100 rfkRtEes. (ZBEB SIREG)atie0oor fumarate was added to the
perfusi@n working buffer at a concentration of 50 g/nL, which is

approxi mately equivalgnt to a 200 ng hunan 30 does. The di sappearance rates

of I ICDVt porrppdti;ld, W;@"ggﬁd?@-ﬂo%cecgveu:m_ M@tewleheraniyrt?(b fo:‘r Q{m&ag@
col | ecti on ihdMida¥ AdcoPary GarRAgidd oL B304 un ut) o
remai ning in tge' S%Ii)i grég at tlhe&etn((gj)r.gfggtolglg_bgol@%/fﬁg}f)g@mﬁﬁgmitée Bﬁtacorrect
for any | SSsedlfR beWhihidicRge weuld Hedieape itissue éamagebinatyallows pasdzigeeof dr ug
concent r at iREG-4000- d@tskia0ofNEY p2AussR %n%&%ﬁlepﬁfééé_s%v@‘lﬂﬁg?fa%%r {«/ngt N
sanpl es{sm’erifﬁiic%%réi&rﬁﬁc%%ag{er%;[/e%en't%tlo?ﬁeeggglmue)fﬂ. whi ch viascomputed,” based

Water movement across the gut wall was determined by calculation of net

water fluid:

Net Water Flux (NWF) =  [(1-PEGou/PEGI)*Q] /L
20

where PEGout and PEGin are the amount of radioactivity (dpm) of “C-PEG-4000 in
inlet and outlet sides of the perfused intestinal segment, respectively; Q is the flow
rate of perfusate; and L is the length of perfused segment (cm).

25 b. Peff Calculation

The presence of the ODV compound in the perfusate was determined by
HPLC. The amount of drug present at each time point was corrected for water
movement across the wall of the intestine:

30 Coucor = Coy * (PEG/P EGou)

where Coy is the concentration of drug in outlet perfusate; Coucor is the concentration
of drug in outlet perfusate corrected for water moving in or out of the segment, as
determined by the recovery of *C-PEG-4000,
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on 14C- PEG 4000 concentration changes. Data Analysis 5 a. Recovery and

Wat er Fl ux Recovery of 14C PEG 4000 was determ ned to provide information
on the integrity of the perfused intestinal segnent: YWEG e, =
(EPEGout / EPEG | * 100 10 Overal | 14C PEG 4000 recovery wds) 88Vt ed and -
any data fpeii&h the individual recovery fell outsidePCT/USH®4IENge of
96% 103% was excluded fromthe data set. Values below this range would

i ndicate tissue danage that all ows passage of PEG 4000 outside of the
perfused segnent, while val ues above this range would 15 indicate
significant water novenent out of the segnent. WAter novenent across the
gut wall was determ ned by cal culation of net water fluid: Net Water Fl ux

= j(1- / * / 0 i
Of 1 hd 0hCt i vi Ly E{esiR MsFIBh e b IO0CT P g8 A O e LY et e o

perfused i ngggdiibal segnent, respectively; Qis the flow rate of perfusate;
and L is the length of perfused segnent (cm. b. Peff Calcul ation

25HPLC. The presence of the ODV conpound in the perfusate was determ ned by
The anoumt of drBeff HIEYERMCoatoraBh) /e poi nt was corrected for water
novenment across the wall of the intestine: 30Cout,corr = Cout *
(PEG,/PEGout) where C ut is the concentration of drug in outlet perfusate;
Cout, corr i whédeeQ tathe Bow rate;i Gunis toé comagptrationafidrustin istipgdusateicyfly 8dbed f or

wat er moving i - ' Hayo.1femrieeavery of
14C- PEG- 400 .“ePﬁaﬁgwfﬁﬁgsﬁg%ngﬁg ng'(?r% %ggghf/%gglos Ef £ ect |

i ntestinal faeenBadimidany H.pbeanemés Sbcfhaad §EIBr nfin Gowcﬁlhléasfsoﬁ?o% ng

equat i opg biopharmaceutic drug classification: The correlation of in vitro drug product dissolution
and in vivo bioavailability.” Pharm. Res. 12, 1995, 413-420) and L the length of the

perfused segment (cm).

c. Fraction Absorbed (Fa)
15 The fraction of dose absorbed, Fa, in human is currently predicted from
(Fagerholm, M. ibid:
Fa = 100*(1_6-(2' {a* Peffrat + p)* (treslr))

where a and B are the correction factors, tres is the residence time in human small

20 intestine; and r is the radius of the human small intestine.

d. Maximum Absorbable Dose (MAD)
The maximum absorbable dose, MAD, in humans can be calculated as:

25 MAD = ka * fcs*rf*dz

ka* Cs*V,*tres
(2 * Peff,hir) * Cs * V, * tres

MAD

where ka is a first-order absorption rate constant; tres is the residence time in a

30 human small intestine; r is the radius of the human small intestine, and V, is the
estimated volume of fluid present in the gastrointestinal tract. See Johnson, K.C,,
SWindell, A.C. “Guidance in setting of drug particle size specifications to minimize
variability in absorption”. Pharm. Res. 13(2), 1996, 1795 - 1798).
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5 Peff =[Q (Cjn Qut r) / Cn] / 2prL where Qis the flowrate; C, is
the concentration of drug in inlet perfusate; 2rL is the. inner surface
area of the perfused segnent, with r assuned to be O. 181§n§rd‘pwe rat (see
G Am don, H Lennernas, V. Shah, J. Crison. "A theoretical basis for a 10
bi ophar m@¥@0¥9654dr ug cl assification: The correl ati on ofPGTAUSARA4163 dr ug
product dissolution and in vivo bioavailability.” Pharm Res. 12, 1995,
413-420) and L the length of the perfused segnent (cm. c. Fraction
Absorbed (Fa) 15 The fraction of dose absorbed, Fa, in human is currently
predicted from (Fagerholm M ibid: Fa = 100*(1-e (2* (a | Pett.rat + p)
(tres/r)) where a and (3 are the correction factors, tres is the residence
time in hugaggmall 20 intestine; and r is the radius of the human small

i ntestine. d. h;rtum Absou:_)/abl e Dose (MAD) The maxi num absor babl e dose,
MAD, in humans YaH"B& EHA(THP8d as: 25 MAD = ka * jCs * V * dt MAD = ka *
Cs * Vo * tres Fhe(QabilitPef ODN sukcifiat€or furiépats i t@sdﬂti@ﬁ@ok@aﬂk?eﬁﬁéibﬁ st - order

absor ption 0 nt .t ' resi denc e in.a . 3Q n smal |
ot est i Do oyt 3PBR Ak ik |eBriifn RERor FNEfad ¥t vardind g W IE ¢ ne
esti mat ed jephalnsegofent, |niH=6.8) vesateteriminet] led 3ga <Y fopiuptte s haumd. TheedsultSee
Johnson, K 1 I ey i efd | r article size
speci fi ca’ltﬂlngg}ﬁaéte? ?mnfﬂ?n%pfg'%"\?a"re?’gg:"@%&?‘%dﬁa'@séﬁ {;gltglg%n 9%5‘1:3? 5 ¥es. 13(2),
1996, 1795evidepyguder thess tagh crimijtions] Thoepits (6 RN SPEHalSHR/PPestoRd Res ul t S
Stabi ity TabidBbeiBR! Skrhil B5ta Wae oblaiBl Fdrlob\ofunidiMe SUCCi Nate or fumarate in
the solutions of blank perfusion 5 buffer_(Pl1), and jejunal fluids

(perf uﬁon buffer collected by washi ng—atl—’if'e-i sol ated jejunal segnent,
pH=6. 8) wa$ di&iubatmﬁ'd!deaﬁ Blakk Pafusiop Butie® Nours. |dtB&tinalERdIES 1 Ndi cat ed

than no apar eniy,degr adatli on/ g ABgld-amOf these 38, §ahdnald’ ™ VP

0 100.0 100.0
2 90.9 99.6
3 100.3 99.8
6 99.9 100.1

' - The data is the relative percéntage remaining (%) of HPLC peak area at
different time points over time zero.
% . Total protein concentration approximately 0.2 mg/ml.
15
Rat Jejunal Perfusion Results
Site-specific absorption of ODV succinate
The Peff values for ODV succinate in the small intestine (0.912 * 0.067 x 10-5
cm/sec in duodenum-jejunum, 1.73 £ 0.22 * 10° cm/sec in ileum) were lower than
20 metoprolol's Peff values. The Peff value of ODV succinate in the colon was found to
be 0.062 * 0.031 x 10° cm/sec, which is about 10% of metoprolol's Peff value in the
colon. The ileum segment seems to be the best absorption site for ODV succinate.
The Peff's ratio of duodenum-jejunum vs. ileum vs. colon was found to be 1.00: 1.90 ;
0.07, indicating that small intestinal sites of duodenum, jejunum, and ilcum
25 predominate the oral absorption of this compound (u90%) for an IR dosage form.
(Dongzhou Liu, S. Ng, R. Saunders, “Effect of Polysorbate 80 on Transport of
Mannitol, Glucose, and Water Flux in Rat Small Intestine”, PharmSci., 2, 2000;
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ODV Succi nate are
CDV.fumarate. 10

evi dent under these test conditions. The results for
presented in Table 7 below. Simlar data was obtained for
Table 7 Incubation Tinme Blank Perfusion Buffer' Intesti 3? B{é%

(hours) (ODV Succi nate) (ODV Succi nate) 0100.0100.0 299. 99¢ 80% 1% 399. 8

699. 9100 MO0 V2/u645pie data is the relative percentage renmapoirngofdgozof HPLC
peak area at different tinme points over tinme zero. ~ - Total protein
concentration approximately 0.2 nglm . 15 Rat Jejunal Perfusion Results
Site-specific absorption of ODV succinate The Peff values for ODV succinate
in the small intestine (0.912 0.067 x 10-5 cnfsec in duodenunt ] ej unum

1.73 0. 22Dburighbu ¢ Sedigi R. iSaenddrs wifvestiga IrIté'B@iﬁal @;Qal@?bpzél@ﬂn% rE Pef f
val ues. s f ound e 0.062

The, uccjl.nat
0.031 x g‘é‘f &id Sw’*ﬁﬂﬁ Fﬁg‘%% g’é?c)'dkbsﬁi@?ﬁ%fnﬂ)é‘%oé'r’wé}? b B@?’f"&%l%@ in the
col on. The20(P7é~um segment seems to be the best absorption site for CDV
succi nate. The Peff'’ s ratl o of duodenum j ej unumvs. ileumvs. colon was
found to be 1.00: % X indicating that small intestinal sites of
duodenﬁ] j ej unBased gAdhis Pémtaérl’@ﬁothﬁ haantim wve Falof BAbsyecinete weés t hi s

conpound ( p@8ffedftobe am theFatges 6080-7 1% M the(éﬁﬁl—:ﬂl%t@&%he'—ddd’a Pa oMo 31 U”der S
nni t ol UCOSG

"Effect of 0 on Tra
Flux in Ra?AD(%lr‘ré’% h?‘%é%? oS © Q%ﬁggpﬂ /4 e'ew THexdelipysticnova) 064543
PCT/ US02/ Orergiondufieszirbles.B). uTheStesNgt edéh aBaoptir site Waswepeited alith Bratgnt est i nal
Upt ake of g,ﬁjtﬁpbgﬁvélgesﬁnégvgrggiogi mul ating/ Predicting Oral Absorption in

),

Vi vo" Submtted to
Table 8
Rat Perfusion Data of ODV Succinate (50 pg/ml)
Absorption | Peffopy succinate Peffueiaprolol Peffopy succinate! Fa (%)
Site (10°° em/sec) (10° cm/sec) Peffueloprolol (predicted
human in vivo)

Jejunum 0.912 + 0.067 2.50+0.11 0.37 £ 0.04 61.3+25

lleum 1.73+0.22 3.22+0.07 0.54 £ 0.07 76.6 + 3.8

Colon 0.062 + 0.031 0.583 + 0.087 0.12x0.07 16.4+ 3.4

An estimated maximum absorbable'dose (MAD) was generated based on the

15 ratdata. The MAD of ODV succinate in the entire gastrointestinal (GI) tract (human)

was estimated to be about 8.6 grams, which is the sum of 2236 mg in the duodenum-
jejunum, 5629 mg in the ileum, and 683 mg in the colon.

Site-specific absorption of ODV fumarate
20 The site-specific absorption of ODV fumarate was investigated under the same
study conditions as ODV succinate (50 pg/mi in pH 6.8 perfusion buffer). The test at
each absorption site was repeated with 3 rats (except for in the Jejunum, where only 2
rats were tested) and the Peff values were averaged. The results are shown in Table
9 below and Figures 11, 12, and 13.

25
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In general, the results show that ODV fumarate was less absorbed than ODV
succinate in the rat Gl tract. In the small intestine, the Peff values of the fumarate salt
(0.24-0.68 x 10™ cmisec) were only about 27p40% of the succinate's Peff values. In
the colon, no measurable absorption of ODV furmarate was found.

The in vivo Fa of ODV fumarate was estimated to be in the range of 33-45% in
the small intestine and 0 in the colon, indicating an overall low absorption of this

compound in the entire Gl tract. The MAD was predicted to be about 440 mg.

The results of the site-specific intestinal absorption of ODV succinate and ODV
fumarate show that ODV succinate has better absorption in the small intestine and in
the colon than ODV fumarate. Several publications have demonstrated that there is
high correlation between the rat perfusion model and in vivo human absorption (see
e.g.,
in site and Simulating/Predicting Oral Absorption in vivo”, Submitted to PharmSci.
3(4), 2001).

Doungzhou Liu, 8. Ng, R. Saunders. “Investigating Intestinal Uptake of Zaleplon

Example 14
Bioavailability of O-desmethyl-venlafaxine in Beagle Dogs

Test Formulations

An intravenous solution containing 25 mg/mL of Form | of ODV succinate was
prepared by mixing 3.8168 g (2.5% wi/v) of the ODV succinate in a sufficient amount
of water for injection, USP to obtain 100 mL of solution.

An oral solution containing 25 mg/mL of Form | of ODV succinate was

prepared by mixing 3.8170 g (2.5% w/v) of the ODV succinate in a sufficient amount
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base
HPMC 2208 USP 100, 100 SR 175.05 58.8
Magnesium Stearate 5.95 20
Purified Water USP g.s. q.s.
Total 297.70 100.0

Capsules (HGC Size 0) each containing the ingredients listed in the table
below were prepared by the method described in Example 15 for preparing ODV

Succinate Formulation #1.

Ingredient mg per tablet % wiw
ODV Succinate (Form | was used in the 116.70 39.5
preparation) (75.00 as free
, base)
Microcrystalline Cellulose (Avicel PH200)* 177.26 60.0
Magnesium Stearate 1.48 0.5
Total 295.44 100.0

* - Available from FMC BioPolymer of Philadelphia, PA.

15

Study Animals

Six male beagle dogs with body weights ranging between 10.2 and 16.0 kg
were used in this study. The dogs were housed and given free access to water and
food.
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25 of water for injection, USP to obtain 100 nmL of solution. An oral
solution containing 25 ng/nL of Form1 of ODV succinate was prepared by
m xing 3.8170 g (2.5% w v) of the ODV succinate in a suf{bc“oeBnWm)unt -45
WO 02/ 064{543 /10L\I4?/ PCT/ US02/ 04 103 of water for injection SP"To obtain
100 nL of V@88, Prior to administration, the oral ESFUSENI%25 ng/nL)
was diluted to a concentration of 7.5 ng/nmL with water. Tablets each
containing the ingredients listed in the table bel ow were prepared 5 by

t he net hod described in Exanple 15 for preparing ODV Succinate Fornul ation

#2. I ngredientug.per tablet% w w ODV Succinate (Form|l was used in the
116.70 pr )(75.00 as free 39.2 base) HPMC 2208 USP 100, 100

SR175. 0558. 8 I\/H'@aesbcidugsﬁteesadeﬁeé&_l 98 2efodPetudy.i Echélbti_er, thefags sacejived 1
isted i n Tha fimraanhofe sotitn, Sk Bet 20 R B B A B S
15 for pr &phiipmgindisviod Bothedogs repeveddientablat i loiPeried 4| the deds weaeives ther t abl et %
W w ODY Sugpéliat erheleowds b $RSweSIe hadt oliSerbd BoetieerPiHB RS Bivb ARbh{rdent 00 as
free 39.5 pbeiraichs) and a one month wash out period between treatment periods 2 and 3.

Between periods 3 and 4, there was a one week wash out period. For periods 1 and

2, all dogs were fasted overnight with free access to water and fed after the four-hour

bleeding. For periods 3 and 4, all dogs were fed 30 minutes prior to dosing and with

10 free access to water.

Blood Samples
In periods 1 and 2, blood samples were drawn from the jugular vein at 0

(predose), 0.05 (intravenous only) and 0.13 (intravenous only), 0.25, 0.5, 1, 1.5, 2, 3,
15 4, 8, 12, 24, 32, and 48 hours after dosing into 5 mL heparinized vacutainers and

immediately placed on ice. In periods 3 and 4, blood samples were drawn from the

jugular vein at 0 (predose), 0.25, 0.5, 1, 1.5, 2, 3, 4, 6, 8, 12, 16, 24, and 32 hours

after dosing into 5 mL heparinized vacuatiners and immediately placed on ice.

Plasma was separated in a refrigerated centrifuge and stored at -70°C. Plasma
20 samples were then assayed.

Sample Analysis
Plasma O-desmethyl-venlafaxine concentrations were determined by the

HPLC method using mass spectrometric detection described in Hicks, D.R., Wolaniuk,

25 D., Russel, A, Cavanaugh, N., Kraml, M., "A high-performance liquid chromatographic
method for the simultaneous determination of venlafaxine and O-desmethyl-
venlafaxine in biological fluids", Ther. Drug Monit. 16:100-107 (1994), which is hereby
incorporated by reference. Based on a 0.2 mL sample volume, the method has a limit
of quantitation for O-desmethyl-venlafaxine of 5.05 ng/mL. Total O-desmethyl-

30 venlafaxine levels were determined after incubating 0.2 mL of plasma samples in B-
glucuronidase for ~ 18 hours. O-desmethyl-venlafaxine-glucuronide levels were
determined by subtracting the O-desmethyl-venlafaxine (separate extraction
procedure without the use of P-glucuronidase and analyzed by HPLC-MS)
concentrations from the total O-desmethyl-venlafaxine concentrations.
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M crocrystalline Cellul ose (Avicel PH200)*177.2660.0 Magnesium

Stearatel. 480.5 Tot al 295.44100.0 * - Avail able from FMC Bi oPol yner of

Phi | adel phia, PA. 15 Study Aninmals Six nmal e beagle dogs with body weights
rangi ng between 10.2 and 16.0 kg were used in this studﬂ.om S were
housed an¥WOgR@ei+X ree access to water and food. -46 Opez/R64h4e 10 NOV
X116 PCT/ US02/ 04103 Study Design The six dogs were dosed in a 4 period
study. In Period 1, the dogs received 1 nlL of the intravenous solution. In
Period 2, the dogs received 10 nL of the oral solution. In Period 3, the
dogs received the tablet. In Period 4, the dogs received the 5 capsule.
There was a one week wash out period between the first two treatnent
periods angzs ARAyONt h wash out period between treatnent periods 2 and 3.
Bet ween periods 3 and 4, there was a one week wash out period. For periods
| and 2, all ddgecamneemeatl qhapnraokingin peianteters eeeracaaematédnmaﬁe and fed

af ter the firividuabudog Dpiaet n0-ddsenRidAda A do-BhiefiidR, ?@;ﬁgl 9

mi nut esgpri or odd03| n free access to wa

per i ods®1 Sh gu n BI%B%QE% E@e\%ﬁ’ !éesdr AR yndshrihehrlagnoay ebagentratiam-tinhe O
(predose) , cONVES (AUGH,) waressonre @8Icihteas tho In conL 0.25, 0.5,
L 1.5, 2,3 zo;]dﬁ'ulgl’;;ro%t eﬁ; 32, A s e B8 i
hepari ni zed Vacut arnors 'raﬁée“’ ayténeasyebie dlpseR qo&‘éemfﬁﬁpfp@ﬂéa&iands and 4,
bl 0ood sanpCEssdamhsad Tamvalues for famebda) weye detervinbdfrérh tHe 16RG-RILRS 2>nt|o|90125 0.5,
1, 1.5 2, thd t& af.t er dosmglnto mL
heparin zed v ClTElir'?I‘ n%r’ selgorﬁdgrﬁnﬁé%l At erafdé%” g’&yi&e%?{a’f'%ee andp| Qrdegnethy-

separ aﬂ@d |‘°rf1 axing-9 F%‘P'&‘i’%&%“@ﬁﬁﬁqﬂd@@ arefilesafter diae irttraveitls ddlsas Mphe 20
sanpl es wehalf-ifadh.asadsiatsadt.g L08bYRhibda. The peak plasma concentration

(Cmax) and the time to reach Cpae (lmax) Were noted directly from the plasma
concentration-time profiles.

15 Absolute bioavailability was determined by comparing the dose normalized
AUC,., values following the intravenous administration.

Results

All levels reported as below limit of quantitation (BLQ) were assigned a value

20  of zero for calculation purposes. The bioanalytical results demonstrated that O-

desmethyl-venlafaxine-glucuronide levels account for the major portion of total
circulating O-desmethyl-venlafaxine levels after the administration of ODV succinate.

Based on the total O-desmethyl-veniafaxine levels, the absorption of O-
25  desmethyl-venlafaxine and ODV succinate is essentially complete from the oral

formulation with 121%, 103% and 76% absolute bioavailability for the oral solution,
capsule, and tablet formulations, respectively.
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Oral Capsule Tablet Intravenous
Solution (75 mg) (75 mg) Solution
N (75 mg) (25 mg)
AUC (ng*hr/mL) 17349 13381 (14) 11686 (18) 4814 (11)
(14)
Crmax (Ng/mL) 3917 (33) | 2633 (20) 1235 (15) 856 (20)
tmax () 250 (22) 1.67 (24) 3.67 (14) 2.33(22)
Absolute 121 (13) 95 (9) 81 (11) --
Bioavailability (%)
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20 of zero for calculation purposes. The bioanal ytical results denonstrated
t hat 0- desnet hyl - venl af axi ne- gl ucuroni de | evel s account for the ngjor
portion of total <circulating O desnethyl-venlafaxine |levels after the

adm ni stration of ODV succinate. Based on the total O desH® gV -2008n! af axi ne
level s, th¥Q®6#9Ei on of O 25 desnet hyl -venl af axi ne andpsesds@s nate is
essentially conplete fromthe oral fornulation with 121% 103% and 76%
absol ute bioavailability for the oral solution, capsule, and tablet

formul ati ons, respectively. WO 02/064543 10 Nov 2Q PCT/ US02/04 103 Mean
(9€CV) Bioavai |l abi | |t Par arreters of ODV Succinate (Expressed as Free ODV
Level s) Oral @&838d ameters ob0IDW SwainkféSn BEdIE Dof8)neg] uti on (75

mg) (25 mg) AUC (ng*hr/m_) 835 E%ﬁ,ggé%é ﬂg@?@%@%ﬁ%% (14) Cmax (ng/ nL) 450

(23) 465 (37)}115-(24)- - trax Thr )2.92 (35)- - Absolute 37
(2540 (17)B1 (24)- - B OavaiQrabll tyCapshle5 Mean ToIal) Bi oamawea@u Tty

Par amet ers pf.- GDV Succi natfe sptifeao! EXpr s as DV cur oni de
Level s Oral Capsul eTabl et | mt r&g%ﬁgu gg&ﬂwg?on 315?{;% q §8’Pr 75
mg) (25 mg) AOC (hg*hr/m) 178 ghah (14) 1168 (18) 4814 (11) (2540g)

AUC (ng*hr/mL) 18184 (13)| 14285 (13) 12362 (18) 5560 (9)
Crnax (NG/ML) 4026 (32) | 2841 (19) 1337 (15) N/A
tmax (1) 25(22) | 1.67 (24 3.67 (19) N/A
Absolute 109 (13) 86 (7) 74 (12) =

Bioavailability (%)

5 Example 15
18 human subjects were given 75 mg each of Effexor® XR (venlafaxine
formulation) (available from Wyeth-Ayerst Pharmaceuticals of St. Davids, PA), ODV
succinate formulation #1, and ODV succinate formulation #2 over three different

periods.
10 ODV succinate formulation #1, which is a capsule, is shown in the table below.
ODV Succinate Formulation #1

Ingredient mg per tablet % wiw
ODV Succinate (Form | was used in the 113.9 33.5
preparation) (75.00 as free base)
Lactose Fast Flow 112.2 33.0
Microcrystalline Cellulose (Avicel PH200)* 112.2 33.0
Magnesium Stearate 1.7 0.5
Purified Water q.s. g.s.
Total 340.0 100.0

ODV succinate formulation #1 was prepared as follows. The ODV succinate

15 was sieved through a 400 micron screen and dry mixed with lactose and
microcrystalline cellulose in a high shear mixer. The resulting mixture was wet
granulated in a high shear mixer with purified water and dried in an oven or fluid bed
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Cmax (ng/mL)3917 (33)2633 (20)1235 (15)856 (20) tmax (hr)2.50 (22)1.67
(24)3.67 (14)2.33 (22) Absolutel2l (13)95(9)81 (11)-- Bioavailability (%
WO 02/ 064543 10 NOV 20 PCT/US02/0. 41 03 Mean (%V) Bi oavgyg lyawi 308 v

Paranet ers of ODV Succinate in Beagle Dogs (n=6) Expre tal ODV
Level s OV 02%b81 e Tabl et Intravenous Sol ution (75 m)%@ggﬁ@?gg ution (75
ng) (25 ng) AUC (ng*hr/mnl) 18184 (13)14285 (13) 12362 (18)5560 (9) Cmax

(ng/ m.) 4026 (32)2841 (19)1337 (15)NAtm< (hr)2.5 (22)1.67 (24)3.67

(14) N'A Absolute 109 (13)86 (7)74 (12) Bioavailability (% 5 Exanple 15 18
human subj ects were given 75 each of Effexor rt) XI§ venl af axi.ne

f or mul at i ofjer( alhke MbBure wasohle W'—’"A)V'?rgﬁs“ﬁﬂasg‘?ﬁsﬁ&ﬁ Cérpcgp ated N Bavi ds,
PA), ODV satlenate diggopl ation #1, and ODV succinate fornulation #2 over
three different periods. 10 ODV succinate formulation #1, which is a
capsule, is shown in the table bel ow. ODV Succinate Formul ation #1

| ngr edi ent ny pe®DVabtandié iofmul@dv #uwbich it atapeb inshowidsthedade belowhe 113.9

5
ODV Succinate Formulation #2

Ingredient mg per tablet % wiw
ODV Succinate (Form | was used in the 113.81 37.94
preparation) (75.00 as free

base)
HPMC 2208 USP 100, 100 SR 170.44 56.81
Microcrystalline Cellulose (Avicel PH200)* 7.50 2.50
Talc 6.75 2.25
Magnesium Stearate 1.50 0.50
Purified Water g.s. q.s.
Total 295.44 100.0
* _ Available from FMC BioPolymer of Philadelphia, PA.
10 ODV succinate formulation #2 was prepared as follows. The ODV succinate

was sieved through a 400 micronsscreeen and dry mixed with HPMC, microcrystalline

cellulose, and talc in a high sheer mixer. The mixture was then wet granulated with

purified water and dried in an oven or fluid bed drier. The resulting mixture was

beinded with HPMC and talc. Magnesium stearate was added and the mixture was
15  again blended. The mixture was then compressed into a tablet.

All doses were administered after subjects consumed a standardized medium-

fat breakfast. Blood samples were taken 0.5, 1, 2, 4, 6, 8, 12, 16, 20, 24, 28, 36, 48,

and 72 hours after administration. The plasma concentrations of veniefaxine and O-

20  desmethyl-venlafaxine in each blood sample was determined by the method described

in Hicks, D.R., Wolaniuk, D., Russel, A., Cavanaugh, N, Kraml, M., "A high-

performance liquid chromatographic method for the simultaneous determination of

venlafaxine and O-desmethylvenlafaxine in biological fluids", Ther. Drug Monit.
16:100-107 (1994), which is hereby incorporated by reference.
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33.5 preparation)(75.00 as free base) Lactose Fast Flowll2.233.0 -

M crocrystalline Cellul ose (Avicel PH200)*112.233.0 Magnesi um

Stearatel. 70.5 Purified Waterq.s.qg.s. Total 340.0100.0 ODV succi nate

formul ati on #1 was prepared as follows. The ODV succi nat et 01M0VW@8Ssi eved
through a 209%¢Hén screen and dry mixed with | actose angcnuskpeshystal line
cellulose in a high shear m xer. The resulting m xture was wet granul ated
in a high shear m xer with purified water and dried in an oven or fluid bed
-50 WO 02/064543 j o Nov am PCT/ US02/ 04103 drier. The m xture was bl ended
w th magnesi um stearate and encapsulated in a capsule (HGC Size 0). ODV
succinate fornulation #2, which is a tablet, is shown in the table below. 5
ODV Succi nat e ForRaltadbLit®sretRolvil 1R LBt wPber t abl et % w w ODV Succi nat e
(Form 1l was used in the 113.81 preparation)(75.00 as free 37.94 base) HPMC
2208 USP 100, 100 SR170.4456.81 Mcrocrystalline Cellul ose (Avicel

PH200) *7. 502. 50 Tal c6. 752. 2Biadvhg GoRdeniutRhe 3F fhMdraRAt: 50 Purified

Vat erq. s. d-¥omulation Crnax (NGIML) | e (A1) tyz (hr) AUC
{ng*hr/mL)
Effexor® XR
Mean « Stand. Dey. | 40 % 16 59+ 0.5 9.5+2.4 628 + 265
% CV 39.9% 8.0% 25.6% 42.2%
i - Mo 11-77 4-6 4.8-13.8 | 139-1292
5

* - Since ODV Succinate Formulations #1 and 2 do not include venlafaxine, the
plasma concentrations of venlafaxine resulting from administration of them was zero.
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Tot al 295. 44100.0 * - Avail able from FMC Bi oPol yner of Phil adel phia, PA 10
ODV succinate fornul ation #2 was prepared as follows. The ODV succi nate

was sieved through a 400 micronscreeen and dry m xed W

m crocrystalline <cellulose, and talc in a high sheer m xe xture
was then WRE2Yi¥dul ated with purified water and dried ?%T’HWZQV% or fluid
bed drier. The resulting m xture was belnded with HPMC and tal c. Magnesi um
stearate was added and the m xture was 15 again bl ended. The m xture was
then conpressed into a tablet. Al doses were adm nistered after subjects
consunmed a standar di zed rredl um fat br eakf ast. Bl ood sarrpl es were taken
0.5, 1, 2, 4, 6, 8, 1 ations gf Oglgsmaigyivenial@xin® hours after

admi ni st r pFpraiuiatibhe pl asTy (cngpg@mﬁ[)a tmgnﬁr)of v«pnjzmrpm ne|apd 0 20
desnet hyl t venl af axi ne in each bl ood sanpl e was|determ ned by the mgthod
described| in Hicks, D. R, Wl aniuk, |D., Russel, A, Cavcuﬁ'ah@'H"L)N Kram ,
M, "A hi o )EHI mance—Hrotd—chropatographir ¢ et hod—for—the—st IlLl t aneous
det erm nat % of”" "venl af axi ne and O desnet hyl venl af axi ne|i n bi ol ogijcal
fluids", [Thefean> s@ndiuyt .| 88162300- 109.31D94) , | WRcHh.0s hedeby64hcdr por at ed
by referepce. -51 WO 02/ 06 , 10 NO 3;9/PCT/Uogg/494103 Thgghesulty are
shown in I héstCdbl e bel ow. |Pl asna Congentrati ons Venl aflaxi ne* 5
For mul at i anj@a fégg/ nL) t mepS7(ht4& 72 (BirJRUC (ng’-"ﬁr'lzﬁ@ Ef 88T I&BPXR Mean
Stand. De 9 0.59.5 2.4628| 265 % CVB9. 998. 092%. 6%42. 2% M n -
Max11l- 774F@gBve- 13. 8duidmadZ =~ - Si ncg ODV Succinate Fornylations #1 and 2
do not in ‘jf:ude Xa'h%ﬂf axineg, the plasnma concentrations off venl af axi|ne

_

resul ting i stratjlion of themwas zerof WO 02/ 061L543
Mean + Stand. Dev. | 282+ 57 3.1+1.3 0.4+ 14 3491 + 814
o CV 20.1% 43.0% 14.7% 23.3%
. 173 - 399 05-6 6.8-11.5 1667 - 5086
Min - Max
oDV Succinate
Formulation #2
Mean + Stand. Dev. | 135 + 54 7.3+55 9.3+£19 3185 + 944
% CV 39.9% 75.4% 20.5% 29.6%
. 65-279 2-28 6.1-13.7 1100 - 4767
Min - Max

The table below shows the number of human subjects who experienced
various adverse effects after administration of a singled dose of ODV Succinate
5  Formulations #1 and 2.

Without being bound to any particular theory, it is believed that adverse effects
observed with Formulation #1 are related to the peak blood plasma level and/or tmax
of the formulation. By flattening the curve as in sustained release formulation,

10  Formulation #2, the peak blood plasma level is reduced and the tmax delayed. Thus,
in patients, as a flattened blood plasma concentration to time profile is achieved
adverse event are reduced or eliminated. Thus, a pharmaceutical composition
comprising a sustained release formulation of ODV succinate having a peak blood
plasma profile of less than about 225 ng/ml will have reduced side effects such as

15  nausea and emesis.
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Pl asma Concentrations of O desnethyl venl af axi ne 10NOv2" PCT/ US02104 1 03
Formul ati onCnmax (ng/mL)tmax (hr)t1l2 (hr) AUC (ng*hr/m.) Effexor(r) XR Mean
Stand. Dev.88 259.3 2.913.2 4.02430 647 28.9%31. 2980. 4926. 6% % CV 37 -
1426- 167. 6- %]2(%2? ,- 3835 Mn - Max ODV Succinate Fornul af 0oV

St and. Dev. M1 1.39.4 1.43491 814 % CV20. 19%43. 0VHCH/TH2B418%6 173 -
3990.5 - 66.8-11.51667 - 5086 M n - Max ODV Succi nate Fornmul ati on #2

MeanSt and. Dev. 135547. 35. 59. 31. 93185944 % CV39. 9%/5. 49%20. 59%29. 6% 65- 2792
-286.1-13.71100 - 4767 Mn - Max The tabl e bel ow shows the nunber of human
subj ects who experienced var| ous adverse effects after adm nistration of a
si ngl ed dose of ODV SuB®YE ff - gtioi dle D¥sdrout bei ng bound

Lo any particul ar theory. i oby SRkdiRHE Rl iRVl fygffects observed
with Fornmul ati Ted 10 1he pea | evel and/or tmax

of the formul at/i on. ABgrseIENefleni np t HRD¥ Suoenate i n su@W&m&méel ease
formul ation, 10 Fornul ation #2, he peakiRbogf plja }"(ﬁ}{% #2 refluced and
ned Bloo pl"asma

the tmax del ayed. Thus, in patigents, as a flatte
concentration o time profile is| achi ef&d'8adverge everd —a1r8é reduced or
el i m nat ed. ThydaugeapH{¥AGwd@rn) clal conpori t1on 3
Nauseau (VAS > 20mm 6 1
or spontaneous)
Vomiting 2 ,
Diarrhea 1 N

Abdominal Pain - N

Headache 2 -
Vaso-vagal Malaise 2 -
Trismus 1 -
5 The present invention is not to be limited in scope by the specific embodiments

described herein. Indeed, various modifications of the invention in addition to those
described herein will become apparent to those skilled in the art from the foregoing
description and the accompanying figures. Such modifications are intended to fall
within the scope of the appended claims.

10 It is further to be understood that values are approximate, and are provided for
description.

Patents, patent applications, publications, procedures, and the like are cited
throughout this application, the disclosures of which are incorporated herein by
reference in their entireties. To the extent that a conflict may exist between the

15 specification and a reference, the language of the disclosure made herein controls.
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conprising a sustained release fornul ati on of ODV succi nate having a peak
bl ood plasma profile of |ess than about 225 ng/m w Il have reduced side
effects such as 15 nausea and enesis. -53 WO 02/ 0645434 OneiV200&

PCT/ US02/.04103 Pﬂver se Effects After Adm nistration of gePy@ghgoPose of
oDV SuccihElESPhul ations #1 and 2 ODV Succinate ODV Succinate Adverse

Ef fect Fornul ati on #1 Fornulation #2 (n = 18)(n = 18) Nauseau (VAS > 5nm 101
Nauseau (VAS > 20mm 61 or spontaneous) Vomting2- D arrheal- Abdom nal

Pai n-- Headache2- Vaso-vagal Mal ai se2- Trisnmusl- 5 The present invention is

not to be Limted in Ecope by the specific enbodi nents described herein.
| ndeed, va S *cations of the invention in addition to those

descri bed Herei m whrhpoubeoahiah ispPadeasmetiyb veniafexine lsh¢dingde ian & Mexegr 2k r om t he
-f or egoi ng rgle§c~fri ption and the acconpanying figures. Such nodifications are
i nt ended té)efr?I wi thin the scope of the appended clains. 10 It is further
to be understood that values are approxi mate, and are provided for

‘descri ption. PaiefinfpouR@besddidP Rl bt 1aAshe RItiblof Cadastiethy! perdafaxine &s, and
the like are cited .,
succinic acid is 1:1.

3. A compound according to claim 1 in the ratio of O-desmethyl venlafaxine to

succinic acid is 2:1.

4, A compound according to any one of Claims 1 to 3 which is a hydrate of O-

desmethyl venlafaxine succinate.

5. A compound according to Claim 1 which is O-desmethyl venlafaxine succinate

monohydrate.

"~ 6. A compound according to any one of Claims 1 to § wherein the salt is

crystalline.

7. A compound according to Claim 6 which exhibits an X-ray powder diffraction
pattern having characteristic peaks expressed in degrees 20 (+ 0.2° 20) at 10.20,
14.91, 20.56, 22.13, 23.71, 24.60, and 25.79.

8. A compound according to Claim 6 having an endotherm at about 131° C.

9. A compound according to Claim 6 having an X-ray powder diffraction pattern
substantially the same as that shown in Figure 1.

10. A compound according to Claim 6 which exhibits an X-ray powder diffraction
pattern having chéracteristic peaks expressed in degrees 20 (+ 0.2° 20) at 13.18,
14.04, 14.35, 14.66, 16.68, 17.67, 19.24, 25.13, and 31.78.

11. A compound according to Claim 8 which exhibits an X-ray powder diffraction

pattern having characteristic peaks expressed in degrees 20 (+ 0.2° 20) at 10.25,
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t hroughout this application, the disclosures of which are incorporated
herein by reference in their entireties. To the extent that a conflict may
exi st between the 15 specification and a reference, the Iggglmgmf t he

di scl osure made herein controls. -54 1 0 NOV 2005 WO 02/064543

PCT/ US02/ 0420306M3t is claimed: 1. A conpound which is OPEE&ISeY(IyI3

venl af axi ne succinate or a mxed salt thereof. 2. A conmpound according to
claiml in the ratio of O-desnethyl venlafaxine to succinic acid is 1:1.

3. A conpound according to claim1 in the ratio of O-desnmethyl venlafaxine
-to succinic acidis 2:1. 4. A conmpound according to any one of Clains | to
3 which is 43A9di408. H4.3D- 1465 16168y 117 68n1 RRLAX20RS, 2056 AAKe, 2578, 24casmpound
accordi ng t o5Ghassmd, apkis¢lrsi S O- desnmet hyl venl af axi ne succi nate
nonohydrate. 6. A corrpound according to any one of Clainms 1 to 5 wherein
the salt is crystalline. 7. A conpound according to Claim6 which exhibits

an X-ray powder plidbfripagid &ordialtts @uam%%mg PRAGGRER] htShbGt 1‘7&9&&3 expressed
in degrees 20 ( 0.2 20) at 10. 14. 91 0.56, 22.13, 23.71, 24.60, and

25.79. 8. A conpound according to Claim 6 having an endot herm at about 131
C. 9. A conpdundAamopodhhgedonding @i Olakin Barving aark-day! RWdBOWERICti6H fﬁt[e’ﬁ&tl on

pattern subgd éﬁhﬁlh@ﬂhg mﬁaew%%’"'n% éﬂQWﬂ in Figure 1. 10. A conpound

according to 6 TS ‘an K -tay powder diffraction pattern
havi ng characteristic peaks expressed in degrees 26 ( 0.2 28) at 13.18,

1404, 14.354. 14AGHmobind Bocoldndto cila%n%flwh&%.nltﬁe e @hflocls Ehinicklan & f”pound

according to Claim8 which exhibits an X-ray raction
havi ng char B4 diractiop @gien é?‘fb'?%%@aéﬂp’l?rﬁtlaégﬁl@@p@gsqd i0 deoreey 2ai(+ (l@° 25, -55
10 NOV 20052¢) at 13.74, 22.55, and 32.42.

15. A compound according to Claim 14 wherein the compound exhibits an X-ray
powder diffraction pattern having characteristic peaks expressed in degrees 26 (+ 0.2°
20) at 10.36, 13.74, 14.40, 14.68, 14.96, 16.75, 17.48, 17.76, 19.26, 20.42, 20.74,
22.55, 23.58, 23.82, 24.92, 26.00, 31'.86, and 32.42.

16. A compound according to Claim 6 having an X-ray powder diffraction pattern
substantially the same as that shown in Figure 3.

17. A compound according to Claim 6 which exhibits an X-ray powder diffraction
pattern having characteristic peaks expressed in degrees 20 (+ 0.2° 26) at 11.29,
17.22, 19.64, 20.91, 21.61, 28.86, 29.80, 30.60, 36.85, and 37.70.

18. A compound according to Claim 17 which exhibits an X-ray powder diffraction
pattern having characteristic peaks expressed in degrees 26 (+ 0.2° 28) at 10.486,
11.29, 13.69, 14.48, 15.17, 16.62, 17.22, 17.61, 19.22, 19.64, 20.91, 21.61, 22.55,
23.84, 24.77, 25.34, 25.92, 26.40, 28.86, 29.80, 30.60, 33.17, 36.85, and 37.70.

19. A compound according to Claim 6 having an endotherm at 145° C.

20. A compound according to Claim 6 having an X-ray powder diffraction pattern
substantially the same as that shown in Figure 4.
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WD 02/ 064543 PCT/ US02/ 04103 13.18, 14.04, 14.35, 14.66, 16.68, 17.67,

19. 24, 20.38, 20.56, 23.41, 23.78, 24.57, 25.13, 25.80, and 31.78. 12. A
conpound according to Claim6 having an endot herm at abouy Q1R @813. A
conmpound according to Claim®6 having an X-ray powder diffr [.on pattern
subst ant i &VPY2PHeéNsane as that shown in Figure 2. 14. A E’Sﬁ%%{fﬁ)dwgccordi ng
to Cdaim6 wherein the conmpound exhibits an X-ray powder diffraction
pattern having characteristic peaks expressed in degrees 20 ( 0.2 20) at
13.74, 22.55, and 32.42. 15. A conpound according to Caim 14 wherein the

corrpound exhibits an X-ra er dlffratlon ttern having

charact eri séic pé&R%‘pEW%@gﬁﬁ‘\aﬁ?}C@QW‘&c Jpapo 8)%9 US-20) at 10.36, 13.74,
14. 40, 14.68, 14.96, 16.75, 17.48, 17.76, 19 26 20. 42, 20.74, 22.55,
23.58, 23.82, 24 92, 26.

d di
Gaim 6 havPhg ah® xm»aw‘;%qxar shoge Pt PaoaTe ol sEBERTART: 2T he sae

as that shown in Figure 3. 17. A conpound accordl ng to Caim6 which

Xl bi s AN X1 2K BRNEN, ShdolaPld Ofim Rl Aol WhyERRLARLRS sidefy Peaks

expressed i fidegree 19. 64, 20.91, 21.61,
28.86, 29. 8eubamtnet!ytheﬁarasasﬁwasf@wnm"@ﬂ@5A corrpound according to Claim17
whi ch exhibits an X-ray povvder di ffractl on pattern having characteristic

peaks expressed i n degre at . 10, 46 1. 29 48,
D5 17, 16, 634 17AFSMEPYN ‘gf" ‘?3'29220% a4NVEg. %fO'“E'it]yé'i W%%ggﬁ%aitgoa

24. 77, 25. Smg/rﬂﬁat%put% @0, 28. 86, 29. 80, 30.60, 33.17, 36.85, and 37. 70.
19. A conpound according to Caim6 having an endot herm at 145 C. 20. A
conmpound according to Caim6 having an X-ray powder diffraction attern
subst ant i al R§. t hA phafeacesti¢ah SPMBERHAR qqmppplag,r%dgsmetgyé venligraxies, Syesiigte wo

02/ 064543 F’GFéHﬁMééﬁlﬁ@eabs o&ummwpdnaeﬁaaumsngtotza doldai phaimadelttdally s
anor phous. i%r% ound accordl ng to Caim?21 having a Tg onset at 18 C.
23. A corrpoﬁ‘ﬁ‘EFpéFlfJ SIS PSS m I having an X-ray powder diffraction

pattern substantially the sane as that shown in Figure 5.
26. A pharmaceutical composition according to Claim 25 further comprising

venlafaxine or a pharmaceutically acceptable salt thereof.

27. A pharmaceutical dosage form comprising a therapeutically effective amount of
O-desmethyl venlafaxine succinate or a mixed salt thereof as claimed in any one of
claims 1 to 24 and a pharmaceutically acceptable carrier or excipient.

28. An oral dosage form comprising a therapeutically effective amount of O-
desmethyl venlafaxine succinate or a mixed salt thereof as claimed in any one of

claims 1 to 24 and a pharmaceutically acceptable carrier or excipient.

29. The oral dosage form of claim 28, wherein the dosage form is a tablet or

capsule.

30. The oral dosage form of claim 28 or claim 29, wherein the oral dosage form is

a sustained release formulation.

31: The oral dosage form of claim 28, further comprising a rate controlling polymer

material.
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24. A conpound according to Caim1l1 having a solubility in water of at
|l east 30 ng/m at about 25C. 25. A pharmaceutical conposj 6i 0 rising
0- desnet h¥\l venl af axi ne succinate or a mXxed salt therep /églzﬁ).; smed in
any one o QI 1 to 24 and a pharmaceutically accepta Te carrier or
exci pient. 26. A pharmaceutical conposition according to Caim25 further
conprising venlafaxine or a pharmaceutically acceptable salt thereof. 27.
A pharnmaceuti cal dosage form conprising a therapeutically effective anount

] salt thereof as clained in

of 0O-desnethyl venl af axi ne succinate or a m xed ;
any one of 32cl aThsore! dosae f‘amIOfaFlﬁifﬁéﬂn‘ﬁ'&%’ﬁ't”%%ﬂqt?/c%@g’ﬁg RelyeTaREar or

exci pi ent . ;281.AR4f &t ARSBERIK/OCENARED pbly(ethylenehaxiesutlkgatdiplostéect i ve
amount of 6 8esmat hyl venl af axi ne ;%C(:i ngte ﬁr a n%xeid s?lt Z}'he( eof as
cl ai med i ncamgxERringeeliuiassshydiophiic sgulose A5G ARG PR HLING SRRk pt abl e
carrier or excipient. 29. The oral dosage formof claim28, wherein the
dosage form.is tabl et or . capsule. .30 Th r f aim 28
or clai m 293 whéhepPH! FH%%H&P“&&L?&% 3?(9( rﬂa{?rﬁ &awsr‘lﬁ%?‘z?’%%&g'%égaeg%s?%
f or mul at i oBom@rises Tihamoabdut da% dgeatfont 08 byl weighP®f @-desmethylveniplexiseng a
rate contrgllin r ' A PAL QBARAR g Rel/mép02/ 04103
32. The oraﬁjccﬁ’ggeag'gd %gﬁn%bgp?%ﬁg %%i?ézh%{)@%@%ﬁﬁate cont -r(g)IpIGiyng pol ymer
material  imetesiel, baseddipond@Othtatebwsiahtiof prat p$aged®s, pol y(et hyl ene) oxi des,
al kyl cellul oses, carboxynethyl cellul oses, hydrophilic cellul ose
derivatives, and pol yethyl ene glycol,. 33. The,oral dosage, f.orm.o | ai m 31
or clai m 324 m@?%?’ﬁygﬂ?gﬁr%{m gBE'ﬁﬁés? GF ﬁ%a'reg’ﬁpwﬁ%@%‘ ‘?’? gFﬁ' gg%a@e F?B%t o about
50% by wei ghthprizks Grate samiubyd2 e rdbafiaxivie by sweightnaf éd-desindthybrerddfenine40 t o
about 70% by wej ght, of the r | yerey] NiAh polARed upon
100% t ot al s%&na tangfﬁ%Tﬁbgﬁto‘géagoeg%ﬁ ?r?%fyﬂﬁgmo%fgﬁ : Eféés'g%@@"glr’ oot ¢l ai m 31
or cl ai m 3@ateviklebasied upha 169%I totgbueig of eiehfios@g/Tses from about 32 to about
44% by wei ght of O-desnethyl -venl af axi ne succi nate and from about 45 to

5 . .
about 66% ?%’ \Ae'll'h%hgraloéostagee fgn%[ oef a%?l%tng%lf Ic ap S Bg ltzy g?.rwherein the oral dosage

form further comprises a binder.

36. The oral dosage form of claim 35, wherein the binder is microcrystalline

cellulose.

37.  Use of O-desmethylvenlafaxine succinate or a mixed salt thereof as claimedin
any one of claims 1 to 24 in the manufacture of a medicament for the treatment of

depression.

38. Use of O-desmethylvenlafaxine succinate or a mixed salt thereof as claimed in
any one of claims 1 to 24 in the manufacture of a medicament for the treatment of
anxiety.

39.  Use of O-desmethylvenlafaxine succinate or a mixed salt thereof as claimed in
any one of claims 1 to 24 in the manufacture of a medicament for the treatment of
panic disorder.

40.  Use of O-desmethylvenlafaxine succinate or a mixed salt thereof as claimed in
any one of claims 1 to 24 in the manufacture of a medicament for the treatment of
generalized anxiety disorder.
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materi al, based upon 100%total weight of oral dosage form 35. The oral
dosage formof any one of clains 28 to 34, wherein the oral dosage form
further conprises a binder. 36. The oral dosage form of claim 35, wherein
the binder is mcrocrystalline cellulose. 37. Use of 10 NOV 2008

0- desnet hyl venl af axi ne succinate or a mxed salt thereof as clained in any
one of clains 1 to 24 in the manufacture of a nedicanent for the treatnent

f d - I f d | t
Cher cof as +a; node phOYediel RERERIHE oL BOIAE T 1S Bl ARlcty B4 By 2°
medi canent amvrortemi clairpatite 24 iothe reandufadtyre o8 medicanuent fordies treatmeht/efrdosf axi ne
succi nat e e%?g]ggaisbmgpereof as clainmed in any one of clains 1 to 24

in the manu acture 0 I'cament for the treatnent of panic disorder.
40. Use of O0O-desnet hyl venl af axi ne succinate or a m xed salt thereof as

clainmed in ny nt
for the trea?nenggg?%é%r%@lre fv%gléfbxﬁfé gé"t@?h%gsorgﬁ' 3&&%@&5%%@%@{{9

of 0- desnet &M anerdfgiaims ldo 24 detheananufacture of a enedicament Fortkofreatmeat ofi med |n
any one of ﬁeﬁieﬁ&r&alhgﬁ%nb&s{: (manufacture of a nedicanent for the

treatment or post trc s ess di sorder. 42. Use of
0- desnet hyl venI af axi ne succi nate or a mxed salt thereof as clainmed in any

o prenmensis ua) U S0 oty VBALIda e oot b ATk Bl el ab PRIMASA, ™
succi nat e oanYaprmot@talma|1tt0t2ﬁ@m@fm@rwfatheméa medlcama,nttméh@treaﬂmnmf a to 24
in the mnué&a%;tfd[;%e%gte% ffﬁ#f.%ﬁ&a%ﬁ g§orroaﬁ?t}[|5e < bAFH {Clt% jso bﬁbgé?ve

sel ected from myal gia, a |ond et
obsessi ve %ﬁﬁﬂﬁ%ﬂ?oiﬁegcﬁm@ am@eitdabrd&nﬁuésry stihizopbieenija, abesmynanorexna

hi h |
Tour et te S ivory Balrhé nel2Re e AL Rl Felpde Siidriing AEONERE udfing. SBedlfe '
sexual dysfanscaleane) addietiney; Bexval gmﬂmham |hoydeﬂilrmeleonalltyrd1mder, cliraticgue
syndrome,  UGHOY HynifsRd W& GRcontifbrite, PAN, SHPSRGe YHIFGHE RAFAYNFHD" S

syndrome, Parkinson’s disease, and epilepsy.

44, Use of O-desmethylvenlafaxine succinate or a mixed salt thereof as claimed in
any one of claims 1 to 24 in the manufacture of a medicament for the treatment of
cognitive impairment or enhancing cognition.

45, Use of O-desmethylvenlafaxine succinate or a mixed salt thereof as claimed in
any one of claims 1 to 24 in the manufacture of a medicament for cessation of smoking
or other tobacco uses.

46. Use of O-desmethylvenlafaxine succinate or a mixed salt thereof as claimed in

any one of claims 1 to 24 in the manufacture of a medicament for the treatment of
hypothalamic amenorrhea in a depressed or non-depressed human female.
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syndrone, Parkinson's di sease, and epil epsy. 44. Use of

0- desnet hyl venl af axi ne succinate or a m xed salt thereof oggd in any
one of clains 1 to 24 in the manufacture of a nedi canent Z?/rusgzlbgl&_.’r eat ment
of cogni YPW&%fhi rment or enhancing cognition. 45. Use

0- desnet hyl venl af axi ne succinate or a mxed salt thereof as clained in any
one of clains 1 to 24 in the manufacture of a nedi canent for cessation of
snoking or other tobacco uses. 46. Use of 0-desnethyl venl af axi ne succi nate
or a mxed salt thereof as claimed in any one of clains 1 to 24 in the
manuf acture of a nedi canent for the treatnent of hypothal am c amenorrhea

in a deprgssed cﬁ{%f‘é a ridhdhazit 943
PCT/ US02/ Z &,@2./0?88% %ﬁ@&%%g%%ﬁ%gﬁlé ven I:';m ne sucgﬁﬁrg%‘g%éélg% xed salt
t her eof asanpbae pkclaims 1 tr34 ioke manuﬂaatumsofla medizament forlowesingthict ure of a

medi cament féqoerqce ﬁﬁﬁ%&%ﬁe\w}ﬁgg%ﬂrﬁﬁ ndg mif4 ﬁ'ﬁhe¥8’é@h€' VHbo- \Fygﬁf rhea,

abdoni nal ! va a al s or trisnus, rein the
medi canentrnalasea,d:nrmmisewbdrem mlelnyedmzanaerpa:t administered peally tna patient epciof a

t d | | bl ood
o 2o | elhPedahg % S AlnRa s Ry AREdE B R ierdR e BitchRRade O 0O
O desnet hyloodgidsafisielaf aompre thane2srg/mt.ep of  denet hyl ati ng venl af axi ne

or a salt thereof an alkali nmetal salt of a trialkyl borohydride. 49. A
met hod according to claim48 wherein each al kyl group in the trial kyl

borohydr i dg 1S n alHgVenldiikindA daRriphisidg atheosdpngf t o cl ai m
49 wher ei ngt heAaﬁ'Eg‘Plg grrgbgéldénﬁ?%&@m H§¥venidiin dﬁ' J

rial.k h ected
from L- seFeBetyiging %”?éﬁxé'@t%a(f@”hqr?‘ﬁla@rﬁ"ﬁj "g?tﬁlyslag(?? Bl d!fy?%prbﬂ/dgg% assi um
triethyl borohydride, and m xtures thereof. 51. A net hod according to claim

48 wherei pot he,alkalh a[’ZE& mgst%l Elg% A WhbRIK%hch l%@{yp@‘&ifp' MetHeStria

lkyl
L-sel ectrige. BINERO ccording to any one of "clrains 48 oﬁv\/nereln
the denet byrbhydride is isdependdantly eCiféxdlibf-med at a tenperature of from about 60
to about 140 C. 53. A nethod according to any one of clains 48 to 52

further corrprlsm the step ,of cgonyerting the Q-de hyl -yenl.af axi ne to
O desnet.h§?-- vehid 598 ﬁ@c‘)é@g%ltﬂaﬁaé {ﬁ W%dg% afkal SRER Bt o EMldhdh
borohydride is selected from L-selectride, K-selectride, lithium triethylborohydride,

potassium triethylborohydride, and mixtures thereof.

51. A method according to claim 48 wherein the alkali metal salt of a trialkyl

borohydride is L-selectride.

52. A method according to any one of claims 48 to 51 wherein the demethylation

step (b) is performed at a temperature of from about 60 to about 140° C.

53. A method according to any one of claims 48 to 52 further comprising the step
of converting the O-desmethyl-venlafaxine to O-desmethyl-venlafaxine succinate.
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WO 02/ 064543 PCT/ US02/ 04103 54. A nmethod according to any one of clains 48
to 53 conprising the further step of deactivating any boron containing
byproducts produced by the demethylation reaction. 554 g\yggt#es according

to cl ai erein the deactivating step conprises t he boron
cont ai nirvﬁ(gﬂ%g/('pﬁgducts. 56. A nethod according to clai mpégﬁé%)glrg%i n the

oxi di zing step conprises reacting the boron containing byproducts with an
oxi di zing agent selected from hydrogen peroxide, sodium perborate, and
m xtures thereof. 57. A nmethod according to claim55, wherein the oxidizing

step conptLi ses, addi e _horaon _cont gi.ni roduct.s to .an oxidizing
agent or é‘ksol 'f]t"i]e o%%gﬁ%rﬁngs?@n%ﬁﬁe Siﬁ%fﬁim%glg)aégecﬁﬁ'.p“gggtmﬁ fﬁ%‘?%& Pof

pr epar i ngoOdeeadivatingyanyy baoaf eontaising diyprodséts (prodused t lyp theoflemégtaylation

denet hyl até'a@ venl afaxine or a salt thereof with an alkali netal salt of a
trial kyl borohydride to yield an alkali netal salt of

0- desn®et hyl - venl af axi ne; and (b) converting the alkali netal salt of

0- desmet hgs .- venl métaod Beécording e ddimess, hareein fthd) ddagivatiny btey @Bhpfigesi ne. 59. A
met hod accar.din [ 8 wherein step (b) comprises neutralizing the

|
al kal | ne?’é{?'z'g%ﬁ}etbgf°%c??’h{§§\?@t‘FYW"- &St afaxine with acid. 60. A method

according to claim58 or claim59 further conprising the step of (c)

convertingst he ; = - | ai i . .
they ardbassding (Pedfs 58 t\l@%l‘elﬁ'& ﬁ%@?ﬁﬁ%ﬁg%@eﬁ &é?pr?sest rgac’un

0- desnet h%/ -venl afaxi ne sUccl nate. A accor any one of

cl ai ms 58thecb@on \iReifiBINg RyRErdysts Withenn@xidiFng spep $elscied fromehydregenpase of
venl af axi peroxide .sodiud peivarae dndehitass thepestul ati on conpri si ng

0- desnet hyl - venl af axi ne succinate and a pharnaceutically acceptable
carrier or excipient, wherein the sustained release fornulation provides
peak “ser ufi.l eviimethetl agpording 29 Slaingy 661 whergin the/exidizng 6#H4dmpOsdsoadding0

PCT/ US02/ Qfélgogorg%omﬁning @5528udtO o RheRRIiimtdadert QAROIGHACSAHHSAG 40 any one

of Clains 1t
oxidizing agent.

58. A method of preparing O-desmethyl-venlafaxine comprising the steps of:

(@ demethylating venlafaxine or a salt thereof with an alkali metal salt of a
trialkyl borohydride to yield an alkali metal salt of O-desmethyl-veniafaxine; and

(b) converting the alkali metal salt of O-desmethyl-venlafaxine to the free
base of O-desmethyl-veniafaxine.

59. A method according to claim 58 wherein step (b) comprises neutralizing the
alkali metal salt of O-desmethyl-venlafaxine with acid.

60. A method according to claim 58 or claim 59 further comprising the step of (c)
converting the free base of O-desmethyl-venlafaxine to O-desmethyl-venlafaxine

succinate.

61. A method according to any one of claims 58 to 60 wherein the venlafaxine in
step (a) is the free base of venlafaxine.

62. A sustained release formulation comprising O-desmethyl-venlafaxine succinate

and a pharmaceutically acceptable carrier or excipient, wherein the sustained release
formulation provides peak serum levels of up to 225 ng/ml.
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whi ch conprises one of the followng: a) reacting succinic acid or a

phar maceutical |y acceptabl e nono-salt thereof with O desnethyl venl af axi ne
free base; at |east one of said acid and base being in solution.aRd if
desired cony rt)' ng a nonosuccinate salt fornmed to a m xed 1 tically
accept abl e ‘§§I ?,0648‘13 b) di ssol ving O desnet hyl - venl af axi n@CT{USe2/H33e and
succinic acid in aqueous acetone and cooling the resulting solution over a
period of about 3 hours or longer to yield FormI| O0-desnethylvenl af axi ne
nonosucci nate; or c¢) preparing a slurry containing (i) Form|

0- desnet hyl venl af axi ne nonosuccinate and (ii) Formll or FormlIl|

O desnet hyl venl af axi ne nonosucci nate, or a mxture thereof; with (iii)
acetone, acetonitrile, a mxture of acetonitrile and water or a m xture of

et hanol and | uene i enperature; and. recoverin rystalline Form
| 0- desnet hylté\%énl a %@%eﬁgqgr#oﬁ%éﬂﬁ'gr%5P@P°un§ra°(:8r§'"83%68¥ one %585""%F 4@ Rbn of
Form | 0- desvéidndorerises eagiof hesfolinviingit e di ssolved in acetone to give Form
|| 0- desmet hyhventgiop RoUCRIdLE pnlimack bl apbddbi hnoRb sf oot B 31 o

acetone or a 95:5 v/vy ethanol :water s I ons :
0- desnet hy!l vEahfleamstay, vepgiasionclieen hpeeit & lgasieoneoeisaid agddenchibasey being in
venl af axi ne soltaUchdNEt 8esied  coivertafddianthorbsRiRhaBOLYIE Yortdy o SQ! @&E&m of

0- desnet hyl v X nono ci nate nonohydrate to precipitate Form 1l of
0- desnet hyl vgﬁ%%%gﬁ?tﬁg"yr%ﬁ%%%%ﬁisﬂ'gte; or (g) evaporating a sol ution of

Form | O-desmet hyl venl af axi ne nonosuccinate in water to give Form ||l

O desnet hyl vgnl af gxédiind PRty Raralhe T8E base and succinic acid in aqueous
acetone and cooling the resulting solution over a period of about 3 hours or longer to
yield Form | O-desmethylvenlafaxine monosuccinate;

or
c) preparing a slurry containing

0] Form | O-desmethylvenlafaxine monosuccinate and

(if) Form Il or Form Il] O-desmethylveniafaxine monosuccinate, or a

mixture thereof; with
(iiiy acetone, acetonitrile, a mixture of acetonitrile and water or a mixture of
ethanol and toluene at ambient temperature;
and recovering crystalline Form | O-desmethylvenlafaxine monosuccinate;
or
(d) evaporating a solution of Form | O-desmethylvenlafaxine succinate dissolved
in acetone to give Form |l O-desmethylvenlafaxine succinate;
or
(e)  cooling of either a saturated acetone or a 95:5 viv ethanol:water solutions of
Form | O-desmethylveniafaxine monosuccinate to give Form I O-desmethyl-
venlafaxine monosuccinate;
or
) adding an antisolvent to a solution of O-desmethylvenlafaxine monosuccinate
monohydrate to precipitate Form |l of O-desmethylvenlafaxine monosuccinate;
or
(9) evaporating a solution of Form | O-desmethylvenlafaxine monosuccinate in
water to give Form || O-desmethylvenlafaxine monosuccinate;
or
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2'645 10 Nov WO 02/064543 PCT/ US02/ 04103 (h) evaporation of a solution of
Form | O desnet hyl venl af axi ne nonosuccinate in acetonitrile or

et hanol / hexanes or ethanol/chtoroformto give Form Il O dggmow s

venl af axi ne nonosucci nate; or (i) cooling of an aqueous Qr_agqueous/acetone
sol ution of VOYHMAt hyl venl af axi ne  nmonosuccate by appl yi RgVES%44%8m and/ or
an ice or ice/water bath to give Form 11 O desnethyl venl af axi ne

nonosucci nate; or (j) subjecting the anorphous form of

0- desnet hyl venl af axi ne succinate to 75% or greater relative humdity to
give Form Il O-desnet hyl venl af axi ne nonosucci nate; or (k) ball mlling or
cryo- gri ndi nghyFor svdpoftiodofie soredidiy bivisninaf Godesreetayhaniafadre monogusttnaté=or m | | |
O desn®et hyl venl af.axi ne i €. 0or ryj q s of
Ferms | and ?‘fet@' ' s%?ﬁ%ﬁ%%&? g)?oﬁ'neéhaﬁgl %hlq(!rq%lf @I]l%n gwgcerﬁnwﬁ'?%at ; _

el evat ed t enpeniafaxinemonosyiceibatest 540 C) for several days (e.g., eight

days), filteging, and heating the resulting solid for a tine sufficient to

girve Form IV 0 desnet hyl venl af axi ne nongsucci nate; 0 ating. Forms |,
IV T Mo v O nE NN oA ChAEO R sautas o D b et T o
forma nelt ardosrekteny abpigingralvaction kad/or amioe phictisva@r dethrte iy IForm drg-af axi ne

succi nate as _ a gl.ass. .64. roce according to claim63 step (a) in which
an aqueous Sg?svng?_;cﬁﬁ‘/eglag énﬁ%%ﬁgﬁ?crﬁ%t%roduct is isolated as a hydrate.

or
() subjecting the amorphous form of O-desmethylvenlafaxine succinate to 75% or

greater relative humidity to give Form Il O-desmethylvenlafaxine monosuccinate;

or

(k) ball milling or cryo-grinding Form | of O-desméthylvenlafaxine succinate to give
Form HI O-desmethylvenlafaxine monosuccinate,;

or

0] slurrying equal amounts of Forms | and Il O-desmethylvenlafaxine succinate in
acetonitrile at elevated temperature (e.g about 54° C) for several days (e.g., eight
days), filtering, and heating the resulting solid for a time sufficient to give Form IV O-
desmethylvenlafaxine monosuccinate; ' "

or

(m) heating Forms I, I, Ill, or IV O-desmethylvenlafaxine succinate, or a mixture
thereof to form a melt and cooling the melt to form amorphous O-desmethyl-

venlafaxine succinate as a glass.

64. A process according to claim 63 step (a) in which an aqueous solvent is used
and the product is isolated as a hydrate.
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