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WD 2004/ 043920 PCT/ US2003/ 035099 PCOLYMORPHS OF

Bl Cl FADI NE HYDROCHLORI DE BACKGROUND OF | NVENTI ON

Bi ci f adi ne hydrochl oride, which is the hydrochloric
acid addition salt of H3C N 5 H is a non-narcotic
anal gesic (that is, not norphine-like in action). See
US Patent ( I No. 4,231,935 and U. S. Patent No.

4, Y§8°%4989208; ¢ f adi ne hydrochl ori de, whose EHE$2088035099
name is (t)-1- (4-nethylphenyl)-3- 10

azabi cycl o[ 3. 1PO}YM@RRHEOR BHABSDING HYRRGEHLOKDEE
synonymis racemc 1-(p-tolyl)-3-

azabi cycl o[ 3. 1. 0] - he ' as been
produced as descri be ALKG G&B%ﬁh g oN) s, Pat ent
4, 231, 93Gradific Rtk SehloRle, Rhith @sfsthggnﬁ?&ﬁloﬁﬁ Yed A dPrion AN St

product has been pro%uced r

1-(p-tolyl)-1,2- cycl opH € : =Ejizge was

di ssolved in an organi c sol vk reduced to an am ne
15 and converted to the hydrochlori alt toyield a
Spreci pitate of crude bicifadine hydrfochloride. The
crude bicifadi ne hydrochl oride was recovered fromthe
reaction nmediumby filtration. The crude bicifadine
hy draGeh!nafchitCundRssid (RRA id) BAMYRHRhL-11%8H actiohP Be DS, Patent
acetonitrile/methanol mxture to give to crystals in
t h¥ostampe3®indtTaAl Rateat ¥s 4,196 e20cr yst al | i ne form of

bi ci fadi ne _hydrochl oride is of particular inportance
20 si n&isifpding hydrashlatideavbeseichenyigs! pepssis dehl- (grmiethylibemdles-

10 ?é%?iﬁ%ﬁﬂlg-g%gl-@%?%ﬁm@ﬁ?rﬁ%%@% PR B R {PsionD -5
st 52!:151*::}&[0%3.9%]'-1‘?&& GSRGG hﬂ:a?gg%&?g%lﬁ%&%?%a%igem%xample

SE
af f ect” t he ssol ut1 on, nﬁ u

st §06fU.$.\aht H241/33% APAAMah pRLes SKaped @?&QH Cthis product has been
specifically in a solid oral dosage torm fornulation.

Therodtiaed &oint 1-{pstolylperdyeopropamegicotionhedd iThe i -gsHodd)-1,2-
hydrochloride in a pure 1 WO 2004/043920
PCYFloRPposliggbodyde Wesdisselueiin ar pregniofolvent redybed to an amine
t her,modynamnj cal stahle crystagl structure. It has

15 o OB 17 e aEa ety PR darehs g o St R paae
CrRkddhiofiid. Uk Yhle Qih%ﬂﬁ%gdﬁoaﬂoride was recovered from the reaction

medium by filtration. The crude bicifadine hydrochloride was then recrystallized

1-(p-tolyl)-1,2-cycl opr opaner boxi nde. The
HA

from an acetonitrile/methanol mixture to give to crystals in the shape of tan plates.

The crystalline form of bicifadine hydrochloride is of particular importance

.20  since it is formulated in various oral unit dosage forms as for example as tablets or

capsules for the treatment of pain in patients. Variations in crystal structure of a
pharmaceutical drug substance may affect the dissolution, manufacturability and
stability of a pharmaceutical drug product, specifically in a solid oral dosage form

formulation. Therefore it is important to produce bicifadine hydrochloride in a pure
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accordance with the above procedure, as pale tan
plates, is not the nost thernodynamcally stable

pol ynmor phic form Furthernore, it has been 5
denonstrated that bicifadine hydrochloride of this

pol ynor phic form (hereafter referred to as formA)
ungles@eessgonversion to a different pol ymr?&/ﬁszgogfoﬁbsg
when subjected to conventional manufacturing

pr esmbiing Ui, Gkl Raian o byRg st HRC 8 105 A
is not the nost thernmodynam cally stable Form o

bi E¢termineddhatylir gfalioe hytochfoddenrfstadetidumipssubsadgr go
poILy rrloh conversion over tine. to Therefore, formA. -
had 0%8? °B@%‘ﬁt §rROVFrpqednre s pale tap plaes, is petrvheahost

bi g ' . hydrochloride, f lation into -
o efiicl U5B Jofnnteficr . SBRRRIRGr, Riaskiet: dance

5W ddinohittated tRY@ilifa@ie hsyéﬁocﬂﬂ)giﬁe &iﬂ?‘g ?%ﬁﬁéglg)lglfc qu‘tg‘l (}1?{6?%6 |
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crystalline biciftadine hydroch

pateferred fahis CorfroA)Niderd®d corvarbion Rfa BffdSH ol -
produced in U. S. Pal?(gﬁt 4,231, 935, g’i%%%%%’%ﬁ@é‘s,
i sSubjarteddP comentions! mproifachwing hiocesesy sueh ofgrintlink hedlindieng.
hydrochl orj de. This polynorphic formis designated .as
t REPIFY A Bt themast thermpdympraicallystablodommefivifading h t hi s

[ i Of av i scovered that another new

c F‘é@?%‘ﬁhﬁe%g% Fxfﬂﬁ‘ﬂ 6%? By galympEPh sPISF Aoy en tiee-
hyrdéreeht, fkndehL % ' stal.s.are nore
t her nodynami cal | i)/lsﬂsegﬂa%’}ggﬁanﬁ% &aﬁt’)&@ﬂg{%{l Oﬁﬂﬁ%ﬁﬁlg

p &fdroakiqide Earivraniddtion int sirmateh Rl &dy bRag@nvent i onal
pharmaceuti cal manufacturing opera%l ons, such as
grinding and mlling. ThEWMMARYpol ynorphic form is

desi gpnat ed .as pql ynorph form B. Anot her aspect of the
prese ﬁ‘? aqeordangewith this inventiop. v have disosraredbthatotystallinguci ng

b, [ rochl ori de as soli, ol ynorph. B crystal s
o b oM R o Oy i e T, Kol eyt
hyeehn I ' ' lLyent. having.a,  boiling
oo R O, Dol AR08 B AR Pt S8 S o
t poipsorpliit fema bf bikifaGiie B i34 MYs dotynforfhi '
al | ow ngl salind sol St [ gnﬂitr%h?glgg ?%S Isa ter%%?%?ﬂ?sg&eg%ﬁag{b
ntsdhe pebonerph 3G, A. riuirthenin BécogiateivithaBR hedntsl Wk has at
said tenperature of at nost 2 35C for a period of tine
sﬁ?"?‘f"ﬁ‘?"gﬁﬁ apgthgr neyorestalline polymoxphisistricttne of bipistdine i za

Gdgﬁréi riort(re . Eorﬁn of crystals fromsaid solution, the
sgfroglonda exists, yhesein F‘§F§¥YéF AFepPs dhesmadigamiratly stable and do
not undergo polymorph conversion when subjected to conventional pharmaceutical
manufacturing operations, such as grinding and milling. This new polymorphic form

is designated as polymorph form B. ' : ' ¢

Another aspect of the present invention is to provide
a 'method of producing bicifadine hydrochloride as solid polymorph B crystals

comprising providing a slurry of bicifadiné hydrochloride in an organic solvent, having a

- boiling point of at least about 50°C, heating said slurry to a temperature at which said

* slurry is a clear solution, allowing said solution to cool to a temperature of at most about

' 35°C, maintaining said cooled solution at said temperature of at most
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infrared profile characterized by one or nore of the
follow ng major infrared spectrum peaks in
wavenunbers (cm1): 2108; 891; 856; 719; and 660;
and/ or having a distinct x-ray powder diffraction
(XRPD) profile characterized by one or nore of the
foI | om ng maj or peaks as neasured by XRPD radi ati on

gl%bl%jgé% (?fqh@% cf%}ltdt%qg{#v%léido @l}nﬁprpg E? go %tglhza put in the
&f CBfStaE 6 Ut}OﬁV@ﬁtsPl&,t}]pq)lgnpgﬂme s aving a distinct

plﬁ @é@ﬁlﬁ@hﬂa@f@ﬁﬁ%bx onsyprinpere of the fallowingmgjer indraped spectrum
mabsnmmgmsmbem(cxpewrmr ph B crystals of bicifadine .
hydrochl ori de and an i nertznjgar maceutical ly
acceptable carrier or dilugpt, said solid polynorph B
crystals having a distinct nfrared profile
di sti ngui shed by one or %eéof the foll owi ng maj or -
infrared spectrum peaks i A%adnunber s (cm'): 2108;
891; 856; 719; and 660.66@aankor kxving a disfinettxamy powder
aliffiaction{XRPB) profiediaraontizet bgont 8r indrds Ok deflowiag ndfor peaks as

anddsredl B9 DIEPIP raRhtioiIsHy CHKLNSdiMBMEARL Wifvihe Qe (deg)
medi canment for reduci ng pai Mg-n a patient 1 n née

thereof, the B pol ynorph t‘i%v(hhg a distinct

20.16;
25.27 and
30.43.

Still a further aspect of the present invention is to provide
a. i)hannaceutical composition in oral unit dosage form comprising solid
polyinorph B crystals of bicifadine hydrochloride and an inert pharmaceutically
acceptable carrier or diluent, said solid polymorph B crystals having a distinct
infrared profile distinguished by one or more of the following major infrared
spectrum peaks in wavenumbers (cm- ):

2108;
891;
856;
719; and
660.
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infrared profile characterized by one or nore of the
followng major infrared spectrum peaks in
wavenunbers (cml): 2108; 891; 856; 719; and 660;
and/ or having a distinct x-ray powder diffraction
(XRPD) profile characterized by one or nore of the
follow ng major peaks as neasured by XRPD radi ation
using Cu Ka radiation at the followi ng 20 (deg) 5.08;
10. 07Yet 50l pg furthes objegth@f the. prEsenBRINEFIPESER P TITCKdOR
DRAWENGS afbi¢ fadénd B ipslyiniteph hif tha heduipret bfahelicament for

PRIGMERE Bhin'if 'aPallehidn RESFthBIT, fﬂ?éi‘%mh%ﬁ Blaniinge

S o N, o b s A S e,
WRERTRR PCAKS R ¥AYeBRmbEE (FByE di scovered a new
pol ynorphic crystalline féi®8of bicifadine

hydrochl ori de, designated 82F;m B, which is nore
thernodynani cal |y stable tRes the previously known
pol ynor phi ¢ form of bici fag g hydrochlori de,

designated as formA. Unli % %st al ziff%f ol

f A, which. are in the rh B8 # 'BF pot &t

c‘f ﬁcﬂ% (BRPRY pyofile sharpesenized byronsios morg o the following major
. nedkoastiheasckd byr XRPP radiietidronsing CiitK cavhdiatinhiat therfallgeing26

qaegr fromwhite to off white. The pol ynorphs of

bi ci fadi ne hydrochl ori de mafy@ga characteri zed by their

10.07;
20.16;
25.27 and
30.43.

BRIEF DESCRIPTION OF DRAWINGS

Figure 1 is the infrared spectrum of the polymorph form B racemic bicifadine

25 hydrochloride as prepared in Example ¢.
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infrared spectra and /or their x-ray powder
diffraction pattern. The relative 10 intensities of
the x-ray powder diffraction peaks of a given

pol ynor ph may vary dependi ng upon the particle size
used to determne the pattern. This is a phenonenon
of _preferred orientation of the crystals in the sanple
ho‘vgé?".m%ever with the given pol ynor ph f BETHIE008/H35099

bi ci f adi ne hydr ochl o hSyol ntion there are
certain peaks in thi bt BDtE!g d re typically

pr esentln BRort@hdeNithiti® ileibh eShatedish . Lhe ot her

hand the infrared spe::tra of eaaé?‘{}%h‘;eg%cﬂay" PSRy momhe,

as cypfellinglory nbhrigfadine hydrBehiokidb)idedidrachd Ay, PhRsh 04,4 de
of .this invention, will remain relatively constant

i r hebpedyparyigallytableahayahe previmuslyiknewn fhenotohia orR QPS8 adine
di i XRPD | f | hic f A d
55 A0 e ian i Hy ot bolimmorph ook Wil
i fda i j X- 20 owder o
\éIV: ff ;Igt(}:l ?EH rrng?, géaﬁtéﬁ% ﬁe%%ﬂ?@.’ Stﬁﬁsaoc’iF %%EWWW B bisifadipg ne
wakydrarhldeide 28 irthé hem SPEIRIOGhAS ra%g&m%ﬁ%r{gﬁa %g%‘@,ﬂg@e

The instrunent was equi pped wth a fine

t ube. Thepolyntvephsof bieigwina hotiradiReIdAHRy BEARr 3Rty 42KV
respectively. The divergence and

and. 40 mA, _
s CBFREd hsgiraandy/er their s-rayowdder diffrantidn phteern.cTigirviaing S| i t
ffracted radi ati on was det ected

.ab 0,15
10 ‘é\’?ﬁtgﬁﬁgﬁs og téxle AT Roxeprahtigetion eeaks of agiven@pkimomd 124 vaifyet a

CQlebd ot 1N, (0 4 sec/0.02 step).from2.5
C OB UporS Pardle Yol s iRG sgaiern. Thi isa
POHENIGRAOBHPIFEIN orfehialisoft a5t I nalyzed to
check the instrument ali gn;renc?ﬁ&%e{?gﬂg\%é}@e%g%frr g‘8¥’%"8”

andthihesivenadlymerpidoRDofAfiadive hy8rdehlofil€offhis e RWHE .
diffraction pattern of polynorph formB of racemc

bith FEInRealTyia e mttsen weich ave gpiealy presettaronsatief the @irticle

15 sgggi@gﬁe&ﬂgﬂl{aﬁhiﬁé.v{g riﬂtﬂﬁtpensi ties (I 5is as follows

20

25

(s = strong, eckFa-of §agixen p rply sych agithe

dipbtfsgh ; r. t forth in Table i
et e S (MRS ind SRR3R o Bhegp i

| rdtively nesnd iotesrafeuPBhalifiagidne Hydrochl oride 20
(deg) d () Iw..i 5.08 17.39 vs
The X-ray powder diffraction (XRPD) analyses of polymorphic forms A and B
of racemic bicifadine hydrochloride were performed with a Shimadzu XRD-6000 X-
ray powder diffractometer using Cu Ka radiation. The bicifadine was loaded onto the
machine as a crystalline powder. The instrument was equipped with a fine focus X-
ray tube. The tube voltage and amperage were set to 40 kV and 40 maA, respectively.
The divergence and scattering slits were set at 1° and the receiving slit was set at 0.15

-mm. Diffracted radiation was detected by a Nal scintillation detector. A theta-two

theta continuous scan at 3°/min (0.4 sec/0.02° step) from 2.5 to 40 °20was used. A



10.07 8.77 $ 15.19 5.83 s 16.83 5.27 s 18.64 4.76
and 18.76 4.73 and 19.64 4.52 W 20.16 4.40 m 21.96
4.05 m 22.37 3.97 s 23.16 3.84 W 24.00 3.70 w
25.27 3.52 d 2733 3.26 and ..' 2774 3.21 m 29.00
3.08 m 30.43 2.93 and 31.84 2.80 wd 32.29 2.77 w

¥4 vvd3564252wa$ strong, in =
mlu(r)ﬁm%véz—n weak, ---ny, = diffuse 4 WO 2BEUPHAIG009

USZ 35099. The powder diffraction
palsﬁ rgd“faﬁ?rﬂl%?ﬂﬁicé ;glf”ﬁémﬁ’%tr"é&‘m’@h Rria were set
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bicifadine hydrochlorlde is given in terms of “d” spacings and relative intensities (I)

5 isasfollows (s = strong, m = medium, w = weak, v = very, d = diffuse) and these

terms are set forth in Table 1 below:

Table 1

Peak Positions, d-Spacings, and Intensities for Form B Bicifadine Hydrochloride
28 (deg) d (A) I*
5.08 17.39 Vs
10.07 8.77 s
15.19 5.83 s
16.83 5.27 s
18.64 4.76 md
18.76 4.73 md
19.64 4.52 w
20.16 4.40 m
21,96 4.05 m
22.37 397 5
23.16 3.84 w
24.00 3.70 w
25.27 3.52
27.33 3.26 md
27.74 3.2
20,00 3.08
30.43 2.93 md
31.84 2.80 wd
32,20 2,97 w
35.27 2.54 wd
35.64 2.52 w

a. s = strong, m = medium, w = weak, v = very, d = diffuse




5.35 16.50 vs 10.61 8.33 vs 11.45 7.72 w( ,) 15.22
5.82 w 15.93 5.56 16.97 5.22 w 18.37 4.83 w 20.04
4.43 and 20.26 4.38 and 21.22 4.18 in 21.89 4.06 s
23.12 3.84 and 23.54 3.78 wd 26.63 3.34 m 27.83
3.20 wd 28.32 3.15 wd 30.67 2.91 wd 32.03 2.79 s
37 w 38.20 2.35 wa. s = strong, m= nedium
Wgé\%%oglﬁé&\'} = very, d = diffuse Tabl e 1 andPGHBI23p35099
repres 1 : r 0., 0f e peak pqgsitions of
bi ci f agﬁ}é rﬂﬁ"d"%@?ﬁ‘%’%d Z‘pfa%%Pn" "%{ﬁg"%ﬁ%%me hydrochloride is
r esénthiin Bible Mavhd\ame 4G 8inABbE | & BINsZze. 5 WO
2004/ 043920 PCT/ US2003/ 035099 The results in these
tabl es denonstrate the di fTateence between the XRPD
patter f formA and formB at a reduced particle
si ze. Yeak Pogifignsed-Spasings yndrintensitipdfakRorattA Bigitader

uni que to the given

angles in this pattern i.ch ar
5 bi 'W&‘lfﬂ’lﬁﬁﬁﬁydrochl oride and are

pol ymor ph form B of

typically presenrinXRPErpafterrrgi—pelyiror ph
5.35 16.50 vs
10.61 8.33 vs
11.45 7.72 w
15.22 5.82 w
15.93 5.56 ‘w
16.97 5.22 w
18.37 4.83 w
20.04 4.43 md
20.26 4.38 md
21.29 4.18 m
21.89 4.06 8
23.12 3.84 md
23.54 3.78 wd
26.63 3.34 m
27.83 3.20 wid
28.32 3.15 wd
20.67 2,91 wq
32.03 2.59 s
37.57 2.39 w
38.20 2.35 w

a. 5 = strong, m = medium, w = weak, v = very, d = diffuse
Table 1 and Table 2 represent the XRPD pattern of the peak positions of

bicifadine hydrochloride form B and form A respectively having reduced particle size.
5




5 formB irrespective of its particle size. These
angl es, expressed as 20 (deg), |locating these major
peaks whi ch characterize the pol ynorph form B, using
Cu Ka radiation, are: 5.08; 10.07; 10 20.16; 25.17;
and 30,43 The infrared spectra was obtained for each
of | es using a Magna-1 R 15 860(r) Fourier
trgﬁgﬁgéﬁgﬁnfrared (FT-1R) spectrophot onet e PCT/VH847§5099
Ni%glet) ,e%%ipped wth an Ever-G o md/far IR source,
an 8% festitrdn thestigRlesripmensitatn the diffareprs beiwedy the XRPD pattern of
be ' [, ,and deuterated.triglycine sulfate
(DrCESA bl Bl B Ao BT st s dtmaer nems o
I NLRAESLE [ oy : h of the
e PR iges ® thlebeli B Sk nniRBR e Rler TSP bEn o
ac bifadinghydtdeBloSad drdGtQypically presdit fﬁﬁﬁ(ﬁ@pa%@ﬁ?&f?aﬂﬁ‘gm
was used for sanpling. Each spectrumrepresents 25
5 o foradbliedspectvesf toparddd std. Thesmnts, expré@0@atiB(degilociting
spectral resolution of 4 cm1.- Sanple preparation
coffersmaiar ek dhgrattaxive sarpolyemonfh forwdeusingdiutkai radiatipn,
crgsgals in either polynmorph formA or formB into a
13% di ameter cup and ieveling the material with a
frosted glass slide. A back qund data set was
acquired wth an 25 align 'mrror in place. The
reflectance Ris the ratio,,gi a given wavenunber, of
the light intensity of the sanple/light intensity of
t he background set. Figure?¥®ets forth the infrared
spectrum of pol ynorph B iss.uhash the abscissa is
wavenunbers 6 WO 2004/0439§QA§CT/U82003/035099 cml
and the ordinate is Log(i/R). ALog 1/R (R =
refl ectance) spectrumacquired by taking a ratio of
t hese : nd,.t he backgroynd
[ gnt 1 ornale Bt e\ AR n N e S kPR
15S PESHEr ot i O tradefoy T RITR RedBrR iR s f&c BB ot th Gl (RIS Nicolet)
hydrochl oride as a dry crystalline powder, as given in
Ta¢siuépp8d with emBebriGhemfdpat Reomge, an petakded Wiige Potassium bromide

cm?r cterized this pol ynorph.
KBr) beamsplitter, and a deuterated triglycine sulfate (DTGS) detector. The

1

=]

spectrophotometer measured the intensity of infrared light bands of each of the
samples at given wavelengths. A diffuse reflectance accessory (the Collector™,

20  Thermo Spectra-Tech) was used for sampling. Each spectrum represents 256 co-
added scans collected from 400 ~ 4000 cm-1 at a spectral resolution of 4 cm-1.
Sample preparation consisted of placing the sample of powder containing crystals in
either polymorph form A or form B into a 13-mm diameter cup and leveling the
material with a frosted glass slide. A background data set was acquired with an

25 alignment mirror in place. The reflectance R is the ratio, at a given wavenumber, of
the light intensity of the sample/light intensity of the background set. Figure 1 sets

forth the infrared spectrum of polymorph B in which the abscissa is wavenumbers

6



Table 3 Infrared Peak Positions for Form B Bicifadine
Hydrochl oride. Al values in wavenunbers (cm1) 3185
1111 2 69 1022 2437 963 2276 904 2108 891 1908 86
1804 818 1658 783 1 6 719 1518 684 1453 660 1403
637 1343 580 1305 532 1274 475 1209 422 1131 10
The i nfrared spectrum pol ymorph A of racemc
bl‘gpf'yﬂ?ﬂ’@"hydrochl oride in dry crystalli recipseeessoss
showed the follow ng mai n peaks which characterize
t hicw™ apdihe apstingte is Iwamm 0OLIE0 /AR GRO reASTAISRHAMMAILHHDA by
ak Positi ons For Form A Bicifadi ne

Hyqugi@ ﬁlrl o réa]reg%lwg‘%% petslthesample ardihe baskgraund light intensities)

against each other. The infrared spectrum of polymorph B of racemic bicifadine
hydrochloride as a dry crystalline powder, as given in Table 3, showed the following
5  peaks which characterized this polymorph.
Table g

Infrared Peak Positions for Form B Bicifadine Hydrochloride. AH values in
wavenumbers {em™)

3185 1111
27609 1022
2437 963
2276 904
2108 801
1908 856
1804 818
1658 783
1596 719
1518 684
1453 660
1403 637
1343 580
1305 532
1274 475
1209 422
1131

10 '
The infrared spectrum polymorph A of racemic bicifadine hydrochioride in

dry crystalline powder showed the following main peaks which characterize this

polymorph,



o

5 (cm’) 1088 292 1068 2 1 10 0O 2280 900 20 1 825

18 781 17 0 714 1 9 68 1522 6 2 1 30 5 1376 533
123 437 1 0 0 Table 3 and Table 4 provide the

conpl ete patterns of the infrared peak positions with
respect to polynorph formB and pol ynorph form A of

bi ci fadi ne hydrochl oride respectively. However, there
ar¥O2W4a2H key peaks, within this 10 patt erar/osados/adsoos

are unique to the polynorph formB of bicifadine
i4ent tqQ characterize this

hyd i fFable
pol ynar e b 28R b Yol o A bieleding rotlanin ielues i
(cm1), are: 2108; 891;" g5 888, 719; and 660. In

saccordance with this invention, we have found neans

10

15

20

for form ng biclTadistyg Nydyochiseg Tde] havi ng t he
pol ynor ph B crykstal 2ear uctlire. 08ne Khown

2431 1050

2280 000

2001 825

1895 781

1790 914

1595 689

1522 652

1430 574

1376 533

1233 437

1130

Table 3 and Table 4 provide the complete patterns of the infrared peak
positions with respect to polymorph form B and polymorph form A of bicifadine
hydrochloride respectively. Howevér, there ére certain key peaks, within this
pattern, which are unique to the polymorph form B of bicifadine hydrochloride and

. are sufficient to characterize this polymorph. These peaks, expressed in
wavenumbers (¢cm-), are:
2108;
801;
856;
719; and
660.

In accordance with this invention, we have found means for forming
bicifadine hydrochloride having the polymorph B crystal structure. The known
methods for preparing racemic bicifadine hydrochloride produce polymorph form 4
since that is the polymorph crystal structure first produced. One means for forming

polymorph form B from polymorph form A is to provide kinetic energy to polymorph



20 nethods for preparing racem c bicifadine

hydr ochl ori de produce polynmorph formA since that is
t he pol ynorph crystal structure first produced. One
means for formng polynorph formB from pol ynor ph
formA is to provide kinetic energy to polynorph 8 WO
2004/ 043920 PCT/ US2003/ 035099 form A which is

pr 0QFRE*r mal |y. This kinetic energy can IpeTagmisioasos
to_polymorph form A especially at | ow tenperatures,

ge fleRd whiclris pieduged nermalip Jthis linesib ensrgySeche applied ®palyingrph
fr ma}\bout.-ZO C to about 35C  npst preferably from
ab i A SBEELY G ovsisEiperagies, geperal irgm sRpubipoofGhogbout 50°C,

' f | yi i neti o
o eFh b, B0 EBLARYS Bt A0, T el el g
t hgboR ORI 1n edryyitstuk {mﬁopfb@i%my%tﬁﬁrﬂrglﬁﬂg ﬂh&jcfeag!ﬂ? €

hydrochl ori de can be utilized. "The grinding or
5m $uch pghyoaeanbef stippigj gihding of Milling @Nhenéinal @ysthyever
this conversion, usin Kinetic energy, is nore

ef PAERAsR} foym depf piciiasling hydrephlorisleean beibiesda (The gendiw
R SR B e
ut kihéti_%%né%lr, ksndzE gﬁﬁhgﬂtﬁ (S:Q{riﬁﬁ) gllt%m%vgrq?ng})%gt\?\xf]e%flfgclranmple a

stirring grin ese Crys |
- MelkindtReMrpométhed foLEmdabME HERIRS pdIRANpRROH S ;
(L) 35C, generally fron1aboug%? Og%gto oC. L%w P .

10 t epiliztsoidasystdaof pelyatorph Zad apbly kitrriag ppdrinidig tkihagt | C
ener such as by gLri ndi ng under a liquid nitrogen
at%g%wrﬂ@ majiiyning thetemprostius £t kagreaserthangpbpel 35A@ geterally
farmA ipto I rph formB is hy 15 crystall]ization
o PR B R P oot es b ot amaing et
al .o Womrm-To MY ; f sufficient anmount
or D S e e e el et 0 orim

Cryst akitifr he@8 6f @hlertiRARIFMrHILMPA Gath PolPh IR drm B is by
solvents at roomtenperature. However, they becone

15 s girygtsllizationent pdipmerpll forinB fame ohahtadselutibd dnd ditowing said
coriversion, the polynorph formA crystals of _
biseiutignfioseol fyy snielpmtaionat of Hire i fnrnisajd pdiymaerph BgRatinemrpto
sql vent aving a,poilin oint of at least 50C to
gl *%;:&f“[’]‘? P’g‘?.gg'leﬁalggf’?@rfﬁb'g‘sm °rsin=°sso}ve'e$ﬁ ?Ylef!"e‘iﬂé‘ﬂ“?fﬁ?“m-f
C iR 1B Vi i.ng poi.nt .0
o VSR ORI f i K, By R i St o

. - healym@rphGoitn A el of bicitadade hydtb@lorfiRiafk ikt %h hiSorfanic
) clear solution, and this solution is cooled to a

20 t eplpent,diavinga bifilinggt poin of at ddagtigb° (3D Eyrm quhate 1A bryyikeinngan
about oC to about 20C. The cooled solution is
nEPHELOR dRY gppventional organic solvent having a boiling point of at least 50°C.

can be utilized. The slurry is then heated to a temperature at which said slurry is a
clear solution, and this solution is cooled to a temperature of at most about 35°C,
preferably between about 0°C to ahout 20°C. The cooled solution is maintained at a

25 . temperature of at most about 35°C for a period of time sufficient to allow said

polymorph B to form as a pure crystalline form free from the presence of the
9



25 tenperature of at nost about 35C for a period of

time sufficient to allow said polynorph B to form as
a pure crystalline formfree fromthe presence of the
9 WO 2004/ 043920 PCT/ US2003/ 035099 pol ynor ph form A
If desired, cooling can be carried out wth stirring.

Durin cooling the m xture should be nonit
aI‘Y‘bW?%PFq cient time for crystalline pol yp%rﬁ%ﬂ}%gm?ogg

formfromthe mxture. Jn this prqocedure the ti of
capsbrosar & Maearstapli by e g shbte UTED) o
of formB to t Xt | o bR | [¥ely
pdPYS %"?’%'i’rr%g%“gﬁ ab)r% élﬁf)%ggﬁ u%le 3 r 21%1 t&%e{?gﬂ%%ag

hyp%;ygg,% to4Brm EQRhAnQuré. ' 19 Mhigprdteduty e Bifie blabmMediaurisl

B0 I'ci fadi ne hydrochloride by formng a slurry of
bi fiofeABlinaa HyEdamE MNear drieals of faen Basthe arixtug asit ceplsri xt ur e
of formA and Bin an inert organic¢c sqlvent and .

5agi t at inregditioe peliymenply fogm Berap bw@g%aeé ffémd’f‘mfé@‘“ﬁ@gf‘)cglrﬁ’gﬁ?

35C. Any conventinal inert .porgani ol.wen

ool pr b amHgar B of ShEs i RpERe 1 R
carried,out..faor .1 0 fo ki f £ Cl ARAPAR hh
¢ ratng Nyl R AdAnG ag ot bk T torks £
Thinsit gﬁﬁﬁi@ gjé&gyérﬁ aBEatiag tHeQREryata RhpBAtUrSof al ibs: abduit g§-C.

peri od“cou e shortened by using "seed" crystals of

POAM R RALSAN iifefd ofantt silventish hg used ipforraing frassivaxndiet han
/ ) 35C. The form B pol ynor ph produced by any of, the above
- 10 Medgitatts is eanridsbout for p peréod of Bme giffsiont M&S’Bi’e‘%’théb‘ﬁ‘lf nce

f ther pol hi ¢ forms of bigifad .
Py BRI (e DB L Ryrisa s0p At o f 5 24y T
bk i 20d/or
bi %ﬁ%f g%}%ﬁgglﬂé gg sh%ﬁr Sed .bg gﬁ?{‘%eﬁ sthID §F RBIOFR Bin B 28d/0

rochlori prodiuced w t'hout the

pr Sl b Govitt N8k | ynor phic forns of racemc
bi E&?%;%Iﬁﬁe hydr ochl or?%l)g. The pol ynorph form B of

bi ci f aghaferd Baiolyatotphryiretincathy abp ofadiriabive tregtieadls ¢4 bejppure
human patients for reducing pain, This i g ggﬂgon‘pl I shed
15by formexithprighe presepeaaf amtothes Poli@erPhisAOFRO! PIEE P ent  who

; o SR re:
cohvmeHerge St MO PORPEHF b B T e pure
talli a0l odded WBdut th
caferane s e HGhH b Sty ERHR0R e ofited Mtdcthe
adpiirst &fBothd SlmRifiectohieofasmuntbidifadinahydesdhinridesai d

pain. In accordance with this invention, racemc
bi ci f adhapolpRofy drmdhifbicifating hydiackloddecan i admigistered to

; ) pol ymorph formB is adm nistered jn an effective. .

- 20 human patients for reducing pain. This is accomplished by treating the patient in
need of the treatment who is suffering from said pain with a composition containing
bicifadine hydrochloride having the crystalline structure of polymorph B and an inert
carrier or diluent, said composition being administered in an effective amount to

* alleviate said pain. In accordance with this invention, racemic bicifadine

25 hydrochloride in its crystalline polymorph form B is administered in an effective

amount to alleviate pain. Any effective amount of bicifadine hydrochloride needed to

10



anount to alleviate pain. Any effective anount of

bi ci f adi ne hydrochl ori de needed to 10 WD 2004/ 043920
PCT/ US2003/ 035099 alleviate pain can be utilized in
this conposition. In general oral dosages of from
about 0.5 ng/kg to about 20 ng/ kg per day are used.
However the anmount of racem c bicifadine

hy¥P 3¥HP4B8¥Pde in its crystalline pol ynor ph PEH¥HE3PI§099
the oral unit dose to be administered will depend to-
a laHevipse pain eantbegtilizefhin thisoemposisionp dn genamaboralviosagesvé frghn
of éhe pati ent and of course be su@j ect to, the

o 7B e K e ARt 20 mef ¥ Dby GreiRC NV thaAndount of

I N AP | i . 3 . .
o e Rl A6 A b Rl B PR B Byl goit
POlay ek B@acfn%ﬁﬂeﬁd%l!ﬂdeﬁ@mﬁ@ AR SdEneeh Ak aRourd 858 arAfthe
from25 to 600 ng either once or twice a day or as
seeaaiztt offod papiaitiaedbdonte bd subjaet abtha phsitieg’sfidgmbautn 80
kg, unit oral dosage forms containing fromabout |oo
t o apagrdapceauihisdenting, the prabeniiddsige fart copjeiningdassifes of

bout. 200 t.o 40Q.ny, bei . [ f d.. Thi -
N RPN DT RN
tw ! For. - ' :

S O S S BB o

do$RgEabbR 68 1GNERINEI G, iR ABRILE fodRs HtaifingdiBeH hbot® o
ng can be utilized either once or twice a day or nore

10d e pregrta Abget 600 np eanietutibet svithadndaged &f about 2he tcomomagsheingons
of this invention, any conventional pharmaceutically
ac 8estally Peefereedy This algipit dpsageierm cebhe againigtered oneg or fedge
oral adm nistratjon, . .th har naceuti cal .conposition
e RGP TR eSS R BT O B PR LR e
fo binf é@sg?e! Hrrh @Qtzﬁﬁiﬁ%ﬂ&ﬁl Qﬁ&ﬁlt ggla]g g&;&dﬂﬁ{ 20 c!ah' bt Fﬂﬂﬁed either

Syrups suspensi ons prepare conventli ona

eX Ghddi o AWiSe a dHRF RbRIdEpenainglon A Paiibrid fidld on of the
conpositions may 20 take the formof tablets or

15capsul ds thelcomposifioss ofgbis invérdion drgtcenbentipnhipharmaceutically
conventional manner. Each of these fornulations-
c oAtcaptable pastiers eediugnipeanbeatilized. Kgrgwd efmisistrgéon, the ¢ he

formof its.crystalline polyporph B.. Generall it.is

or aFiaceica) orbesBign e P ST e Rsesiogh o) s s fofs,

hydrg . . { c Lo .

oy SEaRE s Yl ol BRGNSl oA iGh BB by

th %ﬁeﬁt%ﬂﬂéx@bikﬂ@.%e%ﬂr&,m Rim i@ éf%hécl_aﬁxpgq@tions may

t hernodynam cal | y stabl e pol ynorph of bicifadine

2ohy ke dHelf@i afealdsishrdmasles) ddzengkd, ete. formulated in the conventional

manner. Each of these formulations contain the racemic bicifadine hydrochloride in
the form of its crystalline polymorph B. Generally, it is preferred to use polymorph
form B bicifadine hydrochloride without the presence of any bicifadine hydrochloride

in its crystalline polymorph A state in these formulations. Polymorph form B is the

25 thermodynamically stable polymorph of bicifadine hydrochloride and does not
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WO 2004/ 043920 PCT/ US2003/ 035099 undergo crystal
i nterconversion during manufacturing and over the
anticipated comercial shelf-life of the drug product
fornmulations If desired, the racem c bicifadine
hydrochloric in its crystalline polynorph form B can
be adm nistered in a controlled rel ease form by use of
t NEORYPAPBIMi lic 5 slow rel ease pol yner, hyecmosymscgsys
met hyl cellulose, in the oral unit dosage form Any
hy H?%Eﬂ@icmst?l wiessanyesdieradeing olayufestunirgran eveu thielandeghteds uch
as _hydr axypr I hyl cel |l ul ose pol ymer having a
Vi god%gﬁfl'flé sﬁﬂgﬁ% af tgga‘g‘é prpAuct fsmplatios cps to about
| 00, 00 . rdanc i this invention, the
compos e AR hé ReBE RLEARES Hebforclh Ra cEin silyporeh
COftkr BRRafb liini®Ered S oARbIRA $aEkd B3 b M{ﬁe g]ﬁaro hiljc
pharmmaceutical formulation technol ogy I nclude, Pt
5 ar dowireleasel polytred hydroxpipeopglatiarsi adilulose ik bidl @S@losage form.
| act ose, sucrose, fructose, glucose dextrose, or other
s udyrrhydroghilipglew eelessd rolviner capthe opikirat, sychoa hedraxypsiplifradtiey]
celhqlosewgﬁﬁ$h | ce]lul ose, celluylose derivatives,
kaGHTRe PO 15 2 ViseeKy e rapsgiof fhopt 100,eps tobgut 100,000
sqgitol, or other sugar alcohols, dry starch, 15
dextrin, maltodextrin or other polysaccharides,
| Nosi t Blaceopdantd vitHhRS$n e itd #lokao0r al
dosage formfor use iHk?ﬁ?%@%ﬁ%g§$¥%ﬁﬁpgéQgﬁgﬁ?%%ggAny
10 ¢ dnrremay ensin st dSfable caparsicagmpharpraaeddtiteal or al
unit dosage fornms can be wutilized in preparing the
urfPimuRsion fshaclemninclyde thyt are petvistiteil srmicieeystalline cellulose,

ptiartnaceutic‘?'!gi or al ugit dosa%ﬁ forms, such as the
t abl ErSITRENT M HOGHEB FeHF% obfthensusah ikssic rdsm 20

aqdgli, i t iLngredi ent s. ese, i.ngredi ents.

R e L L e
| indriRolpBatoBaauid, &altolf REURdl, 8F diRE: st alcé}&?s9§:g'sﬁ9chE 0
the desired properties of the oral dosage rm any

15 nulekien, rodltodengrie ki el polpmaychbtdes SRdst6ll @dnittugdehddéofi N
conbi nation for their known use in preparing such
dosagethe prefsTed ysit peghiasags forgufohuse inythisdivention is a tablet Any
but are npt imted to rel ease nodifying agents, 25
g PYERoRa ’Eﬁhﬁﬁggﬁpwg&ha@&wmcglioml BB dovage forms can be

| WRfije§ ﬂﬂ&rﬁparﬂg BreLR ﬂoiagﬁél%ssaf ttff"ﬁlanv‘é%ﬁ%gﬁ%gﬁ%%%éuﬁcal

sweet ener s an preseryv Ves.
Pt LIBPRYI SRR Mch as the tablets, contain one or more of the conventional

—

- 20  additional formulation ingredients. These ingredients are selected from a wide
variety of excipients known in the pharmaceutical formulation art. According to the
desired properties of the oral dosage form, any number of ingredients may be
selected alone or in combination for their known use in preparing such dosage forms
as tablets, Such ingredients include, but are not limited to release maodifying agents,

25  glidants, compression aides, disintegrants, lubricants, binders, flavors, flavor

enhancers, sweeteners and preservatives.
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Sui tabl e lubricants include stearic acid, nmagnesium
stearate, talc, calcium stearate, hydrogenated

veget abl e oils, sodium benzoate, |eucine carbowax,
magnesi um | auryl sulfate, colloidal silicon dioxide
and gl yceryl nonostearate. Suitable glidants include
coh{goiodal silica, funmed silicon dioxide, silica, talc,
f Ul B ca, gypsum and gl yceryl nonost eBEHUE003/055099
accord i1h this invention, any conventional means
for pr %Eg?eqle\#ﬁ{“ lcapts inclydg steprinacidrmasnesiagiearaior ks, @iiumbe
Ut iglel ] ab] et he bl end. can_be

corsr%3 rhl(zggegh gglcgﬁéag{)drp\?g%?bﬁeo 1131 S@%‘E&’gnzf‘ge’ FU6F6cEDIE et s

f omiwgeksfuban Pl selfdta i oL Ly 1ts

cr )ﬁ/r;? all'ine l-glol yng’%glhm%a(l}rlyngfé.ggghg&% r rcﬁé rg}trg%rfoﬁearags

us Suitablergtilants isclidk dolksie) eitich, futhe® HG QRS He AR 65 $6Hed
pharnaceuti cal dosages fornulations of all sizes and
5s h §peAssyppran freskelicomd manasteanatec oat ed.  Subst ances whi ch
maybe &lsed f.or coEti,n i ncl ude hydroxypropyl

cel | ul OL#ECorianea With Hisyepiion. ey eonventipnsl maensdormmeparing

col .1, 15 Preparation of
Ractgl‘in(iﬂ (F:Hog?léll iadlahgl%f—f\'}g%%c l’tgllee%én&r t ‘Fts’rtg%lg?rtﬁlrca’ﬁ\}é%

C hedngesbsadibly Borwarkt®dnal ' Lges (1 00
kggy andst r?g %ol ut ingn&%ggéoz:péﬁﬁgedﬁ?%k %ﬁ@%@&% lcgfg%éend
30

deyghloridsaio fto crysaBine puyraeph fovwh BITHE Mray SR Ms(R3Qhekdh is
benzyl tri et hyl ammoni um chl oride (8.2 kg) and 4-

10¢ oinfsafleddn sisampaps cmpressethgharmacetticalloprgss farmeu s hbltsees
d the 20 sodi um hydroxi de sol ution

toan%esgtler flux ]
waS A fR e aghes cqatgdorupcagied nPubsiangee whigkmabe waed fon eoating

adgitd ' roximately 6 hours, reflux
vvasag%n ?rﬁﬁ%@ép i(;crfzhglt(8 @tggl mﬁﬁ%@ﬁgf’x‘ﬁe"ﬁ%‘?@."d cofpant o

reaction solution was adggghipprgSo0 L of cold water

(5C) and the mixture was Stirred for approxi mately 15

m nutes. The phases were Ehhplagd to separate. The

| oner organic |layer was transferred to a hol di ng tank.
15 The aqueous |Fagnarating of Rasehis BicifEding Hydrarhlovidef or m (1 x

72 kg t:%]en 4 X 20 kg})l to renove ani unr eact ed

4-t ol UhTOPRlgactor way Ehargrdpyithates figa k) andspdisediydrsride (100

S YR a Yok [ sing., The aqueous | ayer 13 WO
2_8%4/ 3o B RBBPE 308 <tiie 3‘?\%"3 Ferionpehpiged
witith chioReRHi(b6d 1Y, Yeely{ifSnitehmbRuR RS 3 16) 4id 4-
met hyl mandel i c

tolualdehyde (99 kg). The reaction mixture was heated to gentle reflux and the

20 sodium hydroxide solution was added at a rate to maintain reflux, After the addition,
which took approximately 6 hours, reflux was continued for at least another 3 hours.
The hot reaction solution was added to 500 L of cold water (5°C) and the mixture
was stirred for approximately 15 minutes. The phases were allowed to separate. The
lower organic layer was transferred to a holding tank. The aqueous layer was washed

25  with chloroform (1 x 72 kg then 4 X 20 kg) to remove any unreacted 4-tolualdehyde.

The combined organic phases were saved for later reprocessing. The aqueous layer
13



acid as a yellow granular solid. After stirring the

slurry overnight the product was isolated by

filtration, washed with water (150 L), and dried in

vacuo at 60C for at |east 24 hours. The process gives

approxinately 80 kg of 4-nmethyl mandelic acid. To 5 the
§ extracts from above was added

benzf@ r|e'%ylannnn|un1chlor|de (appr oxi matPEMESWOFR3I5099

kg) mxture is heated at reflux. To the
r ealti |a8‘ﬂ%ﬁ‘$§9tﬂﬂ itk concentated HGl 4B ket Brecipitats geingthylmandelic

h Af d d
nrebte ot Yty Wdhal RS kel e bbbt v
waSsdread lﬁldil‘@itlﬁe&isliéﬁ ﬁﬂ?&eﬁérgﬂb 1), and BrillCh vﬁcgggt E{?’B ft%r at

m xture was added to a reactor contalnin

watleast sthobHCThe fkGeedspivel appedianalely 8o kg d)fQ%éih}lﬂxaﬁ&B@&@& %o
and the | ower organic |ayer was discarded. The

&g HBvedorpfarre pxtisls fnamcdbert wes adied bénaylufethylan{riontius 6hlbugtle
th n4 X1 pH of the aqueous |ayer was

?}H ‘%?‘&‘“i‘tg‘Y Ggf')é%} %‘th%mwwws E@Fﬁé‘éﬁfqﬂaif &4 thargaction mixtire
I 5
S"'V%ﬂ%“%%g‘ﬁ!@% %l B s ﬁbdi%rﬁw&e

( SGvak-do e Chi 184 é g@lrsy %l‘f@acﬂ‘l&r r%v@ %'iearg(ﬁ '{]-8%1‘ C?e?rmé

produced an 15 additi onal

aciTtle hothéaoniy mEbirowhcdédd 9 ré‘éﬁ&;r &a&nﬁ% K3\oPWatkk dt ¥Wisec.
hour period to a mxture of 4- nethylmandelic acid

1q( 1 Tbe lapggrs were albdwed nesepdra2 akdythe ot Grigitiie@yer was discarded. The
dimethylformamde (730 m). On conpletion of the
f e@gPeobiayepvag wbedmﬁn abldroferani(t X136 ke thenatX todgpdhaptotihe

overatd B g5 MptrmyrdSrringiast e
i &Y Qb WALk By HERST LB AL 403 LMD ?ﬁtrm,
| hdhld Aith QRteVBS 1§ WU & RH S Y ; 8118} attlé%s‘ﬁ iﬁmtoﬁfs?@]?‘s];?rﬁgl}cec\ll\%ls

tenperature reached at |eas ene

15¢ haddirbohat 4 Kgloe 4-giyiiadandceidt he tenperature was
adjusted to 505C. Water (152 L) was added, the m xture
vvas sThiend ghlbrde (1'® ) wastaddedtdvera tab hquxdnbd)tosaeﬁﬁ:du& drgr
urther 30 minutes. The aqueous 25 |ayer was

di g‘& yieadelisacif fao keiinwinens A9adre) opnsaining dismthylfolmamide

Ly AR M RS -
ekoRd % Kehks. MEI IRAA TR A QO MRl LR e s to

azeotropic distillatio water cont ent

20 <Ocohfiol ghbdvd)itioAThy kbR m<ahnd s %ﬁ)vecﬂﬂdﬁﬂﬂlﬁﬁmﬂﬁ5 Cto
t he anhydrous tol uene solution of racem c nethyl
2- atmbgnheridpregspre. The distillation was continued until the internal pot
temperature reached at least 85°C, Toluene (577 kg) was charged to the residue and
the temperature was adjusted to 5015°C. Water (152 L) was added, the mixture was

stirred for 15 minutes then allowed to settle for a further 30 minutes. The aqueous

25 layer was discarded and the toluene layer was successively washed with 10% aqueous
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tolyl) acetate. Sodi um nmet hoxi de (32.1 kg) was added
in approximately 16 equal 5 portions over a 3 hour
period. On conpletion of the addition, the reaction

m xture was held at 455C for a further 3 hours. The
reaction m xture was washed successively with 5% HC

( 230 dodase water (169 Q The toluene was renoved b

di still a?jia%n under reduced pressure up to a'pGES2003/03500
te ; [ . d
{ o BNtk SRR ORR e 5 e AR

( 4oeottdpictddstiRRioasmiiLiN: WiieF @xietBwds 2D RK%OMEIRILEH e85 K hwas
was added and the m xture was heated. to reflux for
abaided & 4x05PC30 thEhehplras henvadution wbrednid yethyEd-tHldratet @A
up to a maxi num pot tenperature of 98-100C. The

r eyl epatage. Sodivminethoxids ($0digkdastaddddds aprirtramat2ly @ equatl
acidified to.pH 1 with a nmixture of concentrated HC

5 ( SRPTHAP O @ 3\RQvIeripd 635 completionof theyaddjtian, fhaseactipn mixdgure
Th i pit |Jected by filtration, hed
nerre e Bt fr A ees it e BponppEiess Vet or ude
g—l ;:si{ugc'eg%fe%}?étﬂ I%W(El)(él%'ﬁ énd:\ya(fc!:rcewg %’ Gyt ?o%e?lgwgsol?é)ﬁlo%% by

1- distilamdn it aemkd préssareGy & PRt aRRAME Frbet YldnGsat ik
(approximately 184 kg)) was slurried in water ?goo L)
at residdeiven tooled NP oiALCliR) theated witl thefiahol (Za &l nd wafee disom).
hydr oxi de was added in portions until pH of at |east

10 1 Pojgasium bydrpridelappotisntely 20zl edsaddednnd te rijetare was heated .
obt ai_ hed, the was adjusted to ag’?r oximately 5.5 by

H
t e reflapg for ghput 6 E@Hﬁ-t’qhé Aeghol wasseragyed B digillagien wroiasrarimim
id (19 .8 k Af Lj. 25C |
e ieStelrhealiad o100/ P PR plyo s cap BT oo BF pity
f i 'wi i C ntra | n . ;
rrnd AR P B i G bR YD Enf L BERLLY)

0| URKR briizttiyre s SEREAY ITRESy Gt WialQol(ebiR@ b lkratidi) %238 RBWRith
solution was then acidified to 25 pH 1 with

15 c orate(briderdiaingdedao givecrnde agwethylphiekg)-1,2Af t er stirring
f or _appr oxi mat S’L)% 3..15 WD 2004/ 043920. '
PeYFaRomssioabeoticagdur s at 20-25C, the pal e yel | ow

S ST D e
h ' | f .
LSRR Poot Bt b e paspp st s

A sodisinh@o@fRe Why ddabeie Sortions until pH of at least 10 was obtained. After a
1- (4- et hyl phenyl ) -1, 2-cycl opr opanedi car boxylic acid

20 5 s¢16@onidy} beeh obtagred, theldb wkgddjiated tauppeox(r2adeld 515 by theasutious
heated to reflux and the m xture
addition of concentrated hydrochloric acid (19.8 kg). After cooling to 25°C,
methylene chloride was added (100 kg), the mixture was stirred for 30 minutes, and
then the lower layers discarded. This washing procedure was repeated with a further
quantity of methylene chloride (100 kg). The aqueous solution was then acidified to

25 pH 1 with concentrated hydrochloric acid (70 kg). After stirring for approximately 3
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held at reflux until the reaction was conplete. On
conpl etion of the reaction period, the solution was
cool ed to 80-90C and washed with water (69 Q The

| ower aqueous | ayer was discarded. In this way ()-i-
(4- et hyl phenyl ) - 3- azabi cycl o[ 3. 1. 0] hexan- 2, 4- di one
wa i.,ned as a solution in toluene. 10 The tol uene
soﬁ’t???%@h\?vzﬁs heated at reflux to azeotropi cEBCTYSHGMAEHY

vat iirsabbd-bsecanipis of .<0. 1% was obt ai ned.
The( ‘?(gll ution magpco%#é‘gs@@%gg%r%nahe t yVasgershed withgvager
kg)(2wago bliobd drisd Diayud @ 66T 20 leadt 921 reactjon
exgﬁtgh rms to approxinately 6?0(%?. @%ﬁ%ﬁ@t%?%rﬁmg?{eg'ﬂé
ad dB O} o%4; methdrhesyi-satcrclaprofnhelictogliokciger e heated to
955C arkdmrrai ntai ned at that ten})erature until the

react i ohWaLe YSupEsh-@rraethylgheayl)-s2atclopyppanedda G ichbie

| ut i f di
Ty ar o B S B e al P e Fanbeeod  eor ndshomiare

pe held dt reftuagiil @k ks + t he | ayers were, )
separ at ed anof the | B%asg%nlpé%gs’o “|°3’§78‘F§%/€b<§“bﬁ TeychpRipeyiod,

Théhe selngemivas cpriaize Su@s°M@mHashedii iRk & 1()?’[‘&?51 R Q
The | ower aqueous |ayers were di scardeg and the

or BRI lqvasuas disgardetk: Iretdiisame Gdno@itahfiyhadA izl t he
rmgz%.w% cocaéent 20, was <0.1% After cooling to < 20C
t hER QP45 O} A1asran-2r dipnegyps ahigined asatseldtion inoluarehy dr ous

{ ) 10%dr OgfI: 51 ’%rs.bﬂﬁoy‘%siq%ﬁteggﬁgtﬂxd an aqueous extract

15

20

s s6.5. The excess ErissatPPisyhstsarors wagenwintih

Ni 4 heigeR cBRtentlo €0 .59 tirred for at east i
hour at about. 13%%%%%%@?&?2% sg{ug%rhww(’? P fora9t5° Grand

THétrigle Fi(186.6MgPwid ddHET Byl : washed with

acetone (2 X 25 L) and d)ﬁEE,gn tfotrflﬂ)\%lgéngg Ghe’ wri%\é\ghermsm

NOPBTOKImateh@ oND). 06 OeinfldRMAD e eddikse? BR3603R0 9 he RAREENL e
s :5 3% The yield was 31.8 kg of crude bicifadine

ﬁ%wswe@#a"e engBainteinsifat thattermperatpesingl the RQcERviad. The

cr udel bi ci fadi ne HO was added to isopropyl alcohol

( £OBPIRYG) Afterproling lo2et1056, the hetahves wdisd Healyesla kduimngent | e

reflux, The solution was treated with 5 activated
c gédé%‘% h’(déF”ﬂd%‘_!ﬁBu‘éﬁA i weader (418 L) 3\fver kefiort pEied efakitdtionnt Was

refl f 1 to 2 haours, filtered to renmove Celite
aﬁg lﬁg‘ggb‘ﬂ%ﬂﬁ %Bﬂaﬁﬁaégi e PoWerAgYerus lagervas idiscarded. THhe

S eebitik , t0,<20C.a | d at that
© it bt I £ 2K 0 1Bt oyt v woye

T_ i)iilsdaalr‘]d:ﬁ amdithe WERAE Sy b AR BedtRBREBRA Bk GO0 e L2415, 23
was <0.1%. After cooling tg < 20°C the dry toluene solution was treated with
anhydrous hydrogen chloride until the PH of an aqueous extract was <6.5. The
excess HCl was rerpoved by sparging with nitrogen and the slurry was stirred for at

least 1 hour at about 10°C prior to isolation by filtration. The sturry was filtered. The

cake was washed with acetone (2X 25L)and dried in vacuo until the moisture

16
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a5

finally acetone (2 X 23 Q The product was dried in
vacuo at 50C to a noisture io content of <o0.1%to give
approxi mately 24 kg of bicifadine hydrochloride as a
white to off-white crystalline solid. This solid was
used in Exanples 7 through 9 hereinafter. Exanple 2
Pr ' of Racem c Bicifadi ne Hydrochl oride 15
Eagﬁﬁg(?k?\%’ 50 L flasks was charged w th 12FPCTg§2003/035099
t ol ¢onngs wadQQ%, Ghel; - chlaro-p-tolylacetate
and 1300 g(}%?6 rre? ;%C%?R efFruE%lg‘Flgﬂ'F’}?%‘ﬁﬁirPﬂé?r‘@é%ﬂ off-
m nelriglerystailine sofid25 g) was added to each flask and the
resulting slurries were stirred at room tenperature
for appFhgxiudableifadi@HCliwaktesed td REpbEAGLbIY }ﬁ@i e
were cooled to - 10C. Wiile maintaining a % nmpérature
of "SHPPLRIHIE Washeated ) 2 $88e wilwo MTherthRholas SR WAS

dd each fl.ask along with 1.2 L of nethyl
er ?t% 6%: f/:?rg%l% %@rk.g? ﬂﬁjgceﬁt—*?g@-ﬂ K@nTheyplytion was refbred &t i torzed

at Ho@eMmilikR for .a mni of 12 hours. After
observi ng tﬁ.ﬁi{eﬁit‘i)ﬁ{e@eﬁlteeaaglfi icgﬁ‘él}r?@tg]?’b@s%eﬁéﬁ‘@égk%@m fiter.

gr ate lutioh Wat @oRd & 2584°cQ ution and confirning
that the starting nateria Hegmi%tﬂ?aglteg%emff%%er’b‘ﬁﬂvﬁteer

wagrodadt desistlated BB @S WashddRitiiok ; [ igr

for an additi onal 11o ?}?nﬁi es. tﬁ&ﬁl%fg&;ﬁgﬁog@)&sﬂ and
mi $pally eestane 2X e b The gradnétovagdsddngh@ud e doo8 RPALBLALY
fugnel and the 17 WD 2004/ 043920 PCT/ US2003/ 035099

aqueasuseatd 3P g rRPresp el 20kg of biifidivelg dt@hlsEpaisatvite

Eagh. r rai.ned into one of two 5-gallon pails.
The gﬂqﬁgtgﬁ? 59%?0%\‘/1\@ "FBB‘%‘@W useddip Exammles 1ibravabar at or y

f Ulpehafidnd extracted with ethyl acetate (2 x 2 L & i X
1L). The aqueous |l ayer was discarded. The organic

| ayers were conbined, rghmpieed to the separatory
funnel and 5 washed with i L of water. The organic

| ayer was dr direpseition ofRacahicBigdibSHjBb@Idae WO

5- gal ll%a? pails. To each pail, 250 g of charcoal and
250 g TR plyRee T flavks wes charged with = ladddslderbooleyf et iLye
V\qﬁb%t_i_gorﬁd until well mxed. The material was
fiTtersfYaeaaesnd naqp saf methyl deplate Sediatenyfidde; 66%Giiajneral

The, | } xturec was concentrated on a Buchi
Rt Ay e e e iR rlingelugties werp@irosdagroom

S odmetaBite YR SpprbaRat a 22 L.flask and p| aced
in a cooli ngp%rat h. e@ﬁoﬁgn{s‘,@sﬁ ?‘ff?el rﬁac,%o? grturss weregeledig s

adef€d While maintaining a temperature of approximately -10°C, 636 mL of methanol

was added to each flask along with 1.2 L of methy! tert-butyl ether. The reaction

mixtures were stirred at room temperature for 2 minimurm of 12 hours, After
observing that the reaction mixtures change from a gray slurry to a clear orange
solution and confirming that the starting material was < 5%, 1.6 L of water was
added to each flask. The mixtures were stirred for an additional 10 minutes. Both

reaction mixtures were combined into a single 40 L separatory funnel and the
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and the solution was cooled to oC until solids began
to precipitate. The solution was then cooled to <
-20C and stirred for approximtely 1.5 hours. The
solids were filtered onto an 18" crock filter using a
pol ypropyl ene filter pad, washed with ethyl ether (3

X transferred to Pyrex drying trays. The
di ﬁ"eﬁg“?}’q M4 15 PCT/US2003/035099

met hyl phenyl ) -j , 2- cycl opr opanedi car boxyl ate was dri ed
e it i s s e ghoAdp spees B hayensens oo

i r 2250 f dimethyl-i-.

( okl i S il e Bttt e sepsi
2. 88n a 9 ' F 9%l

Lo bt AL OO0 00, e
r edistarded. THetgun3ayeRoatce8mbiaed Adufel & tad serpﬁféa%dﬂf(fu&%‘f and

approximately i hour and 15 minutes. After
5c OWFﬁhFW@ 1 L phwaternEhe organic layer was drained in equal amounts into the

di pet hyl - | - (4- et hyl phenyl ) -1, 2- cycl opr opanedi car boxyl
at QF%%%’EIO%P b5 To et nagl 5P B Shrhareetl ahé 85qeefanagnesiumetifate

i 5C. Both. o m ]
£ PG EHATPR i e P30 Bt R 30H o P et o iere
adgRdvaBRed Wiflfuthyl SR3ktd JQ? g%rﬁlﬂ)li e fé%gfloﬁ%ﬁh%e%ﬁs Qicentiled

m xture was acidifie usi n

C omcelichBR@abaPyids @ Ggt: fillow od el 6b e the biNesohitioh Wadhrkifer@d
m ni num of 30 mi nutes. The 25 solids were filtered

10 orfp @ 28 Ldlegkcandiplacedsin agpaling bath.iwhilerstiprirg, 16Thef eftiet wasraddeak e
was ?%ss Ived in éZ L of_etQ&& acetate and the |ayers
s Ao Rltonwas eppled iy C Y splidshesate pigcipitath The solupion was
2 P 034 035099 . nesi um sul f gt e and
1R i o e R PP eHmar D g, B ol erer
f | Bifeked chitfan 1 ' { ' |
ROt Bo kB e W GODERRPR A (8] RSy S
heetleen €3 anil) adataesteintd th Pk ﬂﬁn@&a}@%im@ﬁﬂ-ﬁﬁl— ids were
filtered and washed wth hexane (3 x 2L). The

15 | -niethylghenyl)-phengioprophpliayokdae epadediac age o yhée, aci d
was 5 transferred to Pyrex drying trays and dried for
a ni ni ¥ashobivors Liflosks wergtch®sa with o L efowater, 225508 0bdinkthpl-22

L flasks ,were charged with 14 L of_ 2-methoxyethyl
et(ﬁg}e%hY?q}ﬁeayI%;h%]c)’fcﬁg@aréed%PrboxyIate and 2.25 L of etthalcohc))/l. A 50%

i = - - - di ], id

A R P,

appatedioBRE Bk afl Rftéx hPdppRkkinl #8351 hokd i':uté(f’lst}f?iﬂﬁt%s. g‘gtet' er
9

confirmng that the starting mater was s bot h

20 r eafirindng tl‘rixt)theudli&mthy}ﬁ@(laanéthﬁ;ﬂféﬁﬁy-ﬁ,Qdelébr@paﬁ&ﬁé}i@lgdxﬂE‘te was

crock containing approximately 40 Kg of ice an
< 5%, the reaction mixtures were stirred at approximately 75°C. Both reaction

.mixtures were transferred into a single 30-gallon crock. Ice was added and the

reaction mixture cooled to < 10°C, The mixture was acidified to pH 1 using 4 L of

concentrated hydrochloric acid and the stirred for a minimum of 30 minutes. The
25  solids were filtered onto a crock filter with a filter pad. The filter cake was dissolved

in 12 L of ethyl acetate and the layers separated. The organic layer was dried with

18.



cooled to roomtenperature. This m xture was dil uted
with water to a total volune of 100 L and stirred for
approximately 4 hours. The nmixture was filtered onto a
crock filter (18") using a polypropylene filter pad.
The solids are washed with water (3 x 2 15 L),
tre’g{sferred to a 5-gallon pail and dissolved in 12 L
of 2ﬁ‘§f(0433%°et ate. The solution was poured PET/ES2034650$9
rs were allowed to

separ [ nel .. and the | ay

5 on B nt s A5 i GGnioleh o P sl ncribteedihs The
dr alafed Wt -gal | o ils. and__the .
aqu cous | %}f g?&%ast%lgﬁﬁggﬁ Blg &’{%V%{OE ?ci He I”%eri’g? Lt ‘g]ﬁ‘Vd with

f UnOEbf Mer@eanl bool@Svi@iF RSt C, Whi bi; liSrabizaX
1L). The aqugoy% | ayer vf/aﬁlg di scar d%gggﬂéé‘lgpﬁ%g%%ggﬁi&%ed
| ayith bexaBe (ondli) e 1-(Ghersimbn BOS c@lop ARG LARABES LR was
sulfate (500 g) were added to the organic |ayer and
5t hBapstartadite Ryyeshdrxing treyswad diidd for cadinitmirh bf 1aeohrs B 360C! in
The solution was filtered through a Buchner funnel
(1%‘?%‘0'011) using a Whatman G- filter pad and the

lid ith eth t at 2_x 500 ni).
The 11 Faor sERRbliet G REE Mo eenromotabapor
i imat el.y .6 i1t
2o T Ao G el PR R i 4 ea 103

weef upeahTieresttion Mectre Shsistrel EQUBpEdtnatelf RREEHE #%aLtQP was
transferred to a 5-gallon pail and stirred. The slurry

10 \ghougs. |AfierepnfimainghatibOst4:6ia8 A RrRGES Y320 Bath BRERAInixithdsh

15

20

25

12 L Pfﬁsﬁeexgne and stirred at roomtenperature for 2
hotlF$ FaarEreS 41 # ehsealiet @ockicppipiaingarpretioatelorodteof fce htder
(184 ' l.vpr, l.ene filter pad and washed w th
hexabd 3R Gl SRR ran Tk hFh yor wpdpoplams of
[ 30d LGhd BT o rred.t o Pyrex

dr 3(/) ing trays gﬁagﬂadﬁng%%’ a%%%ﬁ%’ggrﬁg%? g‘ﬁtergﬁiﬂt‘h? Fradh
offile(18”)nsiug & polfzacylent fikePad Ohb sdHIRSE a MRl Sith NateD O 2
with 12 L of toluene and 1250 g of 1-(4-
mdo-HiAnpleeed /o azallompril eyd Hissolvad in RIL dfietkpinedtatd: T 6616tion
Sodi um b ,sgz- net hoxyet hoxy al um num hydri de (5700 niL
ofw%%r?é‘a 94 4° hnpepargigtydunneh and g l4ypra wkreaowddite separate.

r ' ' wer e hea ) S
g BB bHa B8 105 Ve el ifip e srdve b eallonagis, and

5%e aqh&uk i ] led to,< 60C usin
an ea:qc e/uvvagt?grwagg?dg.ba(ﬁlagw 2&3%?%‘%?%%% @P%% pherg i vfag 8’%95% r

mivith ethe] debtath (K91 VAT aquébuélakh via§ BkeardASing BRUE
2.2 L of sodium hydroa;(li de, 50 fﬁ)so(lzalﬁti oﬁ gﬁﬁﬂg‘ﬂﬁykﬂ

t g}ftp}énqﬁ. hereoal (500 g} and magnesium sulfate (500 g) were added to the

gld,to reflux for 3 hours.

organic layer and the resulting mixture was stirred until well mixed. The solution
was filtered through a Buchner funnel (18.5 cm) using a Whatman GF filter pad and
the solids were washed with ethyl acetate (2 x 500 mL). The filtrate was concentrated
using a Buchi Rotavapor with a bath temperature of approximately 60°C until the
first crystals were seen or a total volume of 5 L was achieved. The residue from this

concentration was transferred to a 5-gallon pail and stirred. The slurry was diluted
19



%,
N

adjusted to approximtely OC by adding ice. This
m xture was stirred and both reaction m xtures were
poured into it. The tenperature was |owered to <20C by
15 adding ice and the resulting m xture stirred for a
m ni mum of 2 hours. The solution was transferred into
a 40 L sezgaratory funnel . The layers were allowed to
seﬂ’grzgl"(‘@“ ®nd each | ayer was drained i nto oRET/B$003ME5099
gallon pails. The aqueous |layer was extracted with
et h*gﬂlh 1&&-@?@@@&(@& xtnzedl_a) r@ndenperetarafed; haund Thheolids gani c

flit és are conbi and washed wi th vvater (3 x 2
°%Faaé@ﬁ%ﬁ%m&%ﬁeolmrgesé%é‘l&fer anchyeshed with

2- f_.wat.e diumc Joride

m%@*;‘hé’@a&aﬁf PR Yot B Lo S s v

( bﬁﬂaﬁﬁérred £ r

(3 et T B Sy Ee bl By e@?‘@s @?@E?@sﬁ%@%ﬁ ik

501 Gduirs.C Iayer was drained in equal anounts into the

5-gallon pails. 250 g of charcoal and 250 g of

magnes iEach o thd sut eflashewee edeled with 12 Befroaind and Aghotgve 1-(4-

resulting mxtures were stirred until well mxed. 25

ThE€RYPBeyDr arabigisiod 3 4.pl hesrea4tdigneyu Sovlivm BisGHmeshoxyethors)
ad. The solids

(o Pt n%ﬁ"%%"\ﬂ;?f?"a{%%i‘ia%‘) Vt%lé‘ﬁ&dége%hﬂys Foadie e
b orabihnials Wk ARG B IARA I SHLUNCRRI Y R e

10apftanixg Matepiblvab 2 5%, Ble réactidrEiRAF &twbtScofled BRPEP USRS & Y
60C. The 20 L Buchi flask was transferred to a

c otsk/vater bath. Terackosgatlonw erocky apicedivyter Mividre (Gxpkgwandr . nkE ige)
tenperature of < 20C, anhydrous HCl gas was bubbl ed
i nt'es Dprged wiglh -2 biof sadum ydraxide, 0 % sqhriopfand the tanpesasuis

Th f dd I
noap et femp e healresds s pibSHe el Y bk
t hQBetibg nﬁﬁwﬁé wer-glf)gux%&’ lnltwﬂ? T\f\'g{e?nﬁe{'ak&rg Pgﬁdlgwggrgc? to <2%E(%: K

filter using a po

15 Wasddeg i elah& Ehe\dﬂhduﬁln@@@iﬁﬁﬁ stifedfora fainiRBR ofb Bc'.ibrs aﬁ@%&ﬂﬁon
(3 x 2 Q The crude bicifadi ne hydrochl ori de was -

t reasdfapsfemzel] intw aRrlesepatatpivifannel. Thyhyanderaiallovdd tedpirate a
m ni mum of 2 hours. 10 Each of four 22 L flasks were
c hedgach layer wasadspinerskintosme ptwe 5&@11@ rofls. Theiameousilayeifwagi ne

TR ME AR TN N T
i PR
20 Stinfo280gA8h pail containing 6 L of water, sodium chloride was added until the
solution becomes saturated (brine). The organic extracts were washed with brine (3 x -
2L) and the aqueous washes were discarded. The organic layer was drained in equal
amounts into the 5-gallon pails, 250 g of charcoal and 250 g of magnesium sulfate
were added to each pail and the resulting mixtures were sti rred until well mixed.

25  These solutions were filtered through a Buchner funnel (18.5 em) using a Whatman

GF filter pad. The solids were washed with ethy! acetate (2 x 500 mL), and the filtrate

20
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approximately 1o mnutes and filtered through a
Buchner funnel (10"), using a 15 pol ypropyl ene pad
with GF filter on top of it, intoa 20 L filter

bottle. The resulting filtrates were transferred to a
30-gallon PE crock and stirred at roomtenperature for
a Wdy f 3 hours. The crock was placed in a cold
rog%??gﬁqgﬂhininun1of 12 hours. The sol i dsPaFES2003/035099

fi Ik o a. | o ato a" . i
ol oAl of B Rolalpeb B o Bl Rl herosrmatees e o

2 Itgmpeddngre pf apPttiimAdly §4ve, L |

hydrochl ori d:g@ 20 was (gr@i %@%L%@éaﬁéﬁﬁgﬁﬁrﬁﬂ*aa

| oseolioptubirapd styredirapidlpowiek neohtkiam@d temffoiu BBl £5dopl  Was
useo&yi n Exanple 6. Exanple 3 Conversion to Bicifadine
Hy AP FCRas pas bbledintetiii teatticpiniismenmtihysh o awdsde

as Lxture of polynorphic forms A and B, 25 was
Sad éﬁgﬂ{pfi'ﬁ"iﬁ%’ﬁﬁmﬁﬁ stirreddprom aflditignal g hoyre ptene°Colamplated i @

fo I The, sl ur, 1 WD _20041043920
PC%%@%%%]&/]%% g58 gze hepiess T@% B?léé Ve ﬁftﬁfe‘églilttn agrogintiltes (8H as
m i e&hm QC. Aft ny

day, @hpg@gi%ﬁuct B P8 a8 53%?1? e (5o L e
at acBOE: (3% ALACTHe ctidh bieifddEShyd QB &6 X ;
achi eved. The materi all pr oguced %ﬁ%fﬁ#ﬁé&#‘}%ﬁﬁ'eang
hy@#e &l ak dried forpanipimompéfishofer m B. 5 Exanpl e 4

Conver%i gngf 0 Bicifadine Hydrochloride FormB Twenty
gr ans o PHEER2L fisksiviesrnhawzedyith eppoximitele 1500 gof oiuwdé Ur e

Of hiei |Gigl oL B nd B were added to 60 ml of

} sbo pﬁ?ﬁiﬂ%@gg gf'ofg@r%q@h?a?c???l (e ml—é@df’# %%éiiﬂlﬁ.r red
Qhat@fhlNeHeS a e r or BRQUL . The _,

product vvasé 10 lilegtola gdtlggﬁ)ﬁyﬁf ?e? ‘?é at (fq%th ﬁrc?g'd’f Yasfchipved,

v ao0g of chagroatatag bddel td¥aBHGR ThYesuthing Wiad 1%51 for

hydr ochl ori de pol ynorphic formB, wth no detect abl e

pregerérgatebf1opmaihytemand filteredl drrongh/A. BuBlsRiTgel BotHudify a

Ex | e 5, bicifadi ne hydrochloride in its polynorphic
15 ¢ gy

20

25

PrieTtaf wHRCT fitier qavtemefiitetitaazd Lfiljs battle. Piededulting
a(ﬁﬁl'a%gwefé tl‘a%/strér%gcv t%ra]i%lo-ggﬁo S e QL i Exanpl e 36

n PE crock and stirred at room temperature for
a minimum of 3 hours. The crock was placed in a cold room for a minimum of 12
hours, The solids are filtered onto a crock filter (18") using a polypropylene filter pad
and washed with acetone (4 x 2 L). The product of the step, bicifadine hydrochloride,
was dried at 50°C in vacuo until a loss on drying of <1% was achieved. This material
was used in Example 6,
Example 3
Conversion to Bicifadine Hydrochloride Form B
Racemic bicifadine hydrochloride as a mixture of polymorphic forms A and B,

was added to isopropyl alcohol in a sufficient quantity to form a shurry. The slurry
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of U S. Patent 4,231,935. The bicifadi ne hydrochl oride
in the sanples, i.e., sanples 1-5 in Table 5, were
recrystallized by evaporation as described bel ow. 20
Evaporation The foll ow ng vol une-vol une m xtures of
acetonitrile-nethanol were prepared: 9:1,

2: : 2, and 1:9. Weighed anmobunts of formA

bi c%:‘fof]zg‘iclﬁo%sé% ‘hydrochl ori de (approxi mately goPREYSR0a5099
tr .\ aliguots of a solvent mxture wuntil a

o1 S28 Sl B B o i ot L GG e 400 At

th 1 CT. | 5 . I nt |
i S, e o el e QY Ao S0 iR G i ot Loss

i 0 PCT/ 03/ 035099
pebh iyt 89 fd ac %emgr@agérgﬂ%g&ﬁeg \aastbgc% pg&ydroc?ﬂ%ride

pi nhol es and pl ace 00

evaganaphioform@en t he sol vent had fully evaporated,
the solids were recovered. The results as to the

Spol ynor ph obt ai ned are giEsampled Table 5. These results
wer e obtained by using the X-ray powder diffraction

t echni que ( XRPDveriaside Biséelindlbwileriddahineg 5 Sanpl e

No. S t Rati Crystal lLizati XRPD R |t
Urcet oV e m iR rdreaimi o rochloE(aan a TR f: 1 Eva |
A olyxr;o lﬁﬂﬁorlﬁl A erdzB, Ev\é?e a fl?dot‘o %% m‘? of%sopl%ﬁleakrgﬁ?}@%il{lr%f The

Table 5, sinple recrystallization o

Exshirpl veas 8ifirddiifoldqhoursRel RitpedtiRSdbaBan 3b§ ?@g Blrfgﬁ:rt] Qs

with the procedure, by evaporation produ

10 j igglateghiyrdidiratipo nud driedrin decub. OTHa s terEX poMiced @as bicifadine

M%%mmnmemA
hyrochloride polymorphic form B, with no detectable presence of polymorphic form

A,

Example 5

15 In Example 5, bicifadine hydrochloride in its polymorphic crystalline form

20

25

was prepared and crystallized from acetonitrile/methanol as set forth in Example 36
of U.S. Patent 4,231,935. The bicifadine hydrochloride in the samples, i.e., samples

1-5 in Table 5, were recrystallized by evaporation as described below.

Evaporation
The following volume-volume mixtures of acetonitrile-methanol were
prepared: 9:1, 2:1, 1:1, 1:2, and 1:9, Weighed amounts of form A bicifadine
hydrochloride (approximately go mg) were treated with aliquots of a solvent mixture
until 2 clear solution resulted. Each solution was filtered through a 0.2 micron nylon

syringe into a clean vial. The vials were covered with aluminum foil perforated with
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Bi ci fadi ne hydrochloride (20.1 g), as prepared in
Exanple 2, was heated and 15 stirred in isopropyl

al cohol (365 nmL), resulting in a clear solution at 80
C. The solution was cooled to 55 C, resulting in a
slurry. The product was filtered off and dried at
anty erature to give form A bicifadine
h%‘?@%f@?%e. Exanpl e 7 20 Preparati on of EEFEFAIIA35099
me f hanol . (1.n) was, saturated with
by e e PADRAG0 § P0ditdvad B b s savent hed
cr Yallyabdpbragedsiab idligk ReExapRl& 1. was placed in a vial
on a heated stir plate set to 80 C. The solution was
filter e gsulz@s toythé PelEn@pY bithinedSar€ QR 3h Tindgs. | THke 10t
tol uene cooled to -20 C. The mi xture was placed in a
- 20ye%e obainedipy wiEAh 04 392OWACTHLS200 BLRBLRIIRPDY @8 &RYd
5fog‘b %85 m nutes, resulting in precipitation. The
prod’uc‘t was filtered off and dried under reduced
pressure at anbi ent ten‘perﬂ%&re to give formA

bi ci fadi ne hydrochl ori de. érrpl e 8 5 Preparation of

For nj BiampleMoA DI CT EaiviniRaay drocbhoGinte{3r39%6

or od éAgerpaitrile:Methanini|d | Bites anp| 21 VAL
heat fed—arg—stif+ed ingiisnprnp\,l al Bahol (b0 nfa) .
resul TiMig T g chear—Sotuti-of—at %23;5. The—sdi-utign
was lcooled to Bnhi ent ieenper afur g, mhagsuttng—i—a—30

t hi ck—stdr+y—The stitping medhan| Bep-was Bhut 7T, jand

the m xture sat at anbient tenperature for two days.
The sold;fls [ to of f-whit | ades, were recovered
and air- d?bliécle\g]d Si%ngﬂegrle\c/rém?l %ﬂ?@%ﬁ%‘?’?‘ﬁ’&? ¢fdxample 36 of U.S.

h e . | f.FormB . 15
P b kg XA, 10 S e

adi ne hydroc
10 ¢ rbjedfadihd iydeochlotidekoira AEXanpl e 1, (approximately i Q)
was charged to a small stainless steel cylinder. A
stainl ess steel rod wasEstages and t he cylinder was
capped. The cylinder was installed in a
) Preparation of Form A
Bicifadine hydrochloride (20.1 g), as prepared in Example 2, was heated and
15  stirred inisopropyl alcohol (365 mL), resulting in a clear solution at 80 °C. The
solution was cooled to 55 °C, resulting in a slurry. The produet was filtered off and

dried at ambient temperature to give form A bicifadine hydrochloride.

Example 7
20 Preparation of Form A
A measured amount of ethanol (1 mL) was saturated with bicifadine
hydrochloride (97 mg), produced as a erystalline solid in Example 1, was placed in a
vial on a heated stir plate set to 80 °C. The solution was filtered directly into a vial

25  containing 1 mL of toluene cooled to -20 °C. The mixture was placed in a -20 °C
23 |



SPEX/ Centriprep Moddel 6750 freezer mlIl filled with
liquid nitrogen. The sanple 20 was mlled for 2
mnutes at a time, with 2-mnute interm ssions for a
grind time of 6 mnutes, The tank was refilled with
liquid nitrogen, and the cycle was repeated, for a
tof‘ﬁ;m&rﬂ;‘ % time of 12 mnutes. The process resulted
in corrpfe € conversion to form B bicifadi n&@CI/US2003/035099
hydﬁrwochl oride without the detectable presence of any
f or THEEET (AT 45 i resying b BYeripitation. T pEsdastpvas filtered nf and
I ns L] Form A on .G indi ng Form A_bicifadine
ny o B il YegBber 75 e s ook Rl o e i A biotacine
st aliyaloemsridest eel cylinder. A stainless steel ball was
added, the cylinder capped, and the unit 24 WO
2004/ 043920 PCT/ US2003/ 033@8ple shaken on a Retsch
Mxer MIIl (Type MM 200) at 5-minute intervals at a
$requency of 30/s forPraparaioalof &frmB0 ni nutes. The
hen renoved and anal yzed b

mlled materi wa ) y
XRPD. 1‘%2‘“ Brb&i‘%g@e F’é’tgﬁﬂh@ée {3PoBapradared s A prvptellionsalig in
for I Cj [ rochloride.. .5 ample |1 The
Sta .'FF%Q W&% E@ﬁ%“@xtgrﬁe 1SRRFPRe a‘&a}pﬁ% B Fopiippi0 2 clear
hy dbiagdt £8% &€ Helst ing i
stainless st eele Sglgﬂvéég?&)l%}g% Iglgin tteté;hslf?ﬂsrt ggél’ LQB%IPPE Was
1caddiick shitriye Thystirridgmechapiontras stin€oft, A6 8 infixtked sNAKRBieRN
a Retsch Mxer MII (Type MM 200) at 5-mnute
i ntt@RREEAtYre for tip daye Jlie sadils, white Baffswifiteblades, obmire@ber@Dand
m nutes, The.m | |led material was then renoved and
andlryBiadito giys fogpptpics é‘eﬁ‘ﬂ"il‘]"@’&f’@é-l id remained form B.
25 WHAT | S CLAIMED | S 1. E"A"%:?Fg‘fOSi tion conprising
bi ci f adi ne hydrochl ori de poﬁ )P ph form B wherein
solid crystals of saipdeARki¥B 3, or m B have a
15di stinct infrared profile characterized by one or
nor e offong bicifadimiydhehiaidy, plotide@isathrPMtid suid ReRkaple 0,
wavenunbers (cm1): 2108;
(approximately 1 g) was charged to a small stainless steel cylinder. A stainless steel
rod was added and the cylinder was capped. The cylinder was installed in a

SPEX/Centriprep Model 6750 freezer mill filled with liquid nitrogen. The sample

20  was milled for 2 minutes at a time, with 2-minute intermissions for a grind time of 6

minutes. The tank was refilled with liquid nitrogen, and the cycle was repeated, for a
total grind time of 12 minutes. The process resulted in complete conversion to form
B bicifadine hydrochloride without the detectable presence of any form A bicifadine

hydrochloride

25 Example 10

The Instability of Form A on Grinding
Form A bicifadine hydrochloride (207 mg) was charged to a small stainless

steel cylinder, A stainless steel ball was added, the cylinder capped, and the unit

24



891; 856; 719; and 660. 2. A conposition according
to claiml1l, wherein the solid crystals of said
pol ynmorph form B of bicifadi ne hydrochl oride exhibit
a distinct infrared spectrumexenplified by the
foll owi ng peaks in wavenunbers (cm1) 3185 1111 2769
10 2437 963 2276 904 2108 891 1908 856 1804 818
%¥Aa %596 719 1518 684 1453 660 140BCHER003MIUS

580 1305 532 1274 475 1209 422 1131 3. A

corfrken en pRetech Abikeradil GTyie MM 2ad) Ais-hipgtedutehalsiatefrequency

D B 02 2Bl 356 Yl e A S el e

Y RR0A AI S D U M RSB o

t h%ydr@éhll&wb.ng 29 ( deg) 5. 08;

5 Example 11
The Stability of Form B on Grinding
Form B bicifadine hydrochloride (111 mg) was charged to a small stainless
steel cylinder. A stainless steel ball was added, the cylinder capped, and the unit
10 shaken on a Retsch Mixer Mill (Type MM 200) at 5-minute intervals at a frequency

of 30/s for a total of 20 minutes. The milled material was then removed and analyzed

by XRPD, The milled solid remained form B.
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10.07; 20.16; 25.27 and 30.43. 26 4. A conposition
conprising bicifadi ne hydrochl ori de pol ynorph form B
according to claim3 wherein the solid crystals of
s&’TdAB”dS&PM%EIPdSm B exhibit a distinct XRPD profile
exenplified by the follow ng XRPD peaks expressed in _
t ér freonpositibn spamistigsbicHading bydrbihleridapensoiphesmi B(whesein solid

B A W i et L Sty e
S f theGoBdwmeslaist inklrel4pdortfn Phks %@WZ@enﬁmﬁgrngn-'):
19.64 4.52 W 28. 1é 4.40 M 21.964.05 M 22.37 3.97°S

23.16 3.84 W 24.00 3.70 WIG8.27 3.52 D 27.33 3.26
Ml 27.74 3.21 M 29.00 3.83;M 30.43 2.93 M0 31.84
2.80 W 32.29 2.77 W 856;

719; and

660.

2. A composition according to claim 1, wherein the solid crystals of said polymorph
form B of bicifadine hydrochloride exhibit a distinct infrared spectrum exemplified by

the following peaks in wavenumbers (cm-')

3185 1111
2769 1022
2437 963
2276 904
2108 891
1908 856
1804 818
1658 783
1596 719
1518 684
1453 660
1403 637
1343 580
1305 532
1274 475
1209 422
1131 '

3. A composition comprising bicifadine hydrochloride polymorph form B solid crystals
having a distinct x-ray powder diffraction (XRPD) profile characterized by one or more
of the following major peaks as measured by XRPD radiation using Cu Ka radiation at
the following 28 (deg)

5.08;
10.07;
20.16;
25.27 and
30.43.
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35.27 2.54 Wl 35.64 2.52 Ws= strong, m= nedium w =

weak, v = very, d = diffuse 5. A nethod of producing

bi ci fadi ne hydrochl ori de as solid polynorph B crystals

c ri.sing: i di. . r | Ci in .

A A LR B b A gy ssgrane o
polaith 3oWhatinl thasdlidadrodtils 00€3id peiginonth Hah B sdhilsit ¥ disen@ XRPD

te rature. . .a ich said_slurry is a clear solution, .
aPTo ??i;?“&’i‘iﬂﬁé Qéﬁm gHﬂWtfts X6 nepksa exnspgsed 1y terms of "daspacings
i LRt nQ 9 ol £k SOLWl-P1 A
BRI 7L SO0 199y PRICOLIELRD, oo
time sufficient to|aPl(deg)sai d jpol B¢y phf B tId

crystalliza out in|the 5.69rmdf craystalis fnam spid
sol ution, the solid poljgnprph [B cgystalls haying| a

di stinct infraredprofikl;g characsggi Z or
nore of the foll owng '1553:3' i a'jl‘i'f s peaks
i n wavenunbers (c 1):1 218; 894—=—856-—719-—and
660; and/or having ﬂa—m—éél—nct_x_r_ggép@»her;

di ffracti on (XRPD) ,nrngfg{gg chdractd?i zeld bydonel or -
more of the foll owing ABi8r peaks442 neas® ed by XRPD
radi ation using Cu| Ka 2&dbati gn a#.40he |f ol MW ng 28
(deg) 5.08; 10.07 20106; 45.2408nd | 30pM3. 6. The
process of claimb5/whepern saifd cpghing s garrii ed out

whil e said solutiop M3 3gi tat 60;3&'4 The PLPTES]S of

claim5 wherein saa? ‘:,Zéf Fd St uti%@ = naiv@lai ned at
5 to

L =

a tenperature of A 35Cwh suidl-ect—to

agi tg.tpi on. 25.27 "D
27.33 3.26 Md
27.74 3.21 M
29.00 3.08 M
30.43 2.93 Md
31.84 2.80 Wd
32.29 2.77 \YY
35.27 2.54 wd
35.64 2.52 \

s=strong, m = medium, w = weak, v= very, d = diffuse

5. A method of producing bicifadine hydrochloride as solid polymorph B crystals
comprising providing a slurry of bicifadine hydrochloride in an organic solvent, having a
- boiling point of at least about 50°C, heating said slurty to a temperature at which said
slutry is a clear solution, allowing said solution to cool to a temperature of at most about

35°C, maintaining said cooled solution at said temperature of at most

27



8. The process of claim5 wherein the heated sol ution
is allowed to cool to a tenperature of from about
-200 Cto 0C. 9. A nethod of producing bicifadine as
oI i d polynorph B cryst al s conprising provi di ng solid

h A st al s..of bICfadI dro i de,.. .
ayy Labt e aff Aty L?Q?lsn HW#@&%@% B8P bpiza outin the
g@}to cg@ kromsaid spgltlggnt}}@ pelidspg ﬂn@mhﬁ@fy qqlsAuavmg a distinct

cmﬁmedlp@ﬁlo chgrettyrizeddty @esr ysirabfthetfbléovsiok ntijgahiramd spectrum
Braaky i @henbmbenged-9ti stinct infrared profile
characterized by one or nogggof the follow ng major

i nfrared spectrum peaks |r1891wavenurrbers (cm1): 2108;

891; 856; 719; and 660; d/or having a distinct

X-ray powder diffraction RPD profile characterized

by one or nore of the fol 'O maj or peaks as

nmeasured by XRPD radi ati onb60samtjorhaviter o distiatt kany powder

t diffrdceibh ) gﬁ)fﬂgﬁﬂz}ao@er%d by e Br'inore?Sk (R follo?v'én 1?1&]01' peaks as
afhsud b ratﬂatlo gﬁ: K%z%a&ién&d ﬁ'%?ol%%%%@o g:d%gjs

agitation is carrle

of claim9 wherein sald a |t ion is carried out at a
tenperature of from about 0.590C t o about 35 C. 12.
The nethod of claim 11 whelleitn said agitation is
carried out at a tenperatys@nuindfrom about-200C to
0C. 13. A pharnaceutical cgugosition in oral unit
dosage form conprising solid polynmorph B crystals of

fadl ne 0C ride and an |nert phar ITB.CEUtI cally
E)P&’&F%‘; C&&?@‘P’e{ Wg?rel& SF‘I?’eﬁﬁ’P?n% 15 CATTISS| QUi Whele g rsahltlen in
calg}}%tpél s having a distinct

7. The process of claim 5 wherein said cooled solution is maintained at a temperature of
at most 35°C while subject to agitation.

8. The process of claim 5 wherein the heated solution is allowed to cool to a temperature
of from about ~200° C to 0°C.

- 9. A method of producing bicifadine as solid polymorph B crystals comprising providing
solid polymorph A crystals of bicifadine hydrochloride, agitating said crystals at a
temperature of from about -200°C to 50°C to convert said polymorph A crystals to
polymorph B crystals, the solid polymorph B crystals having a distinct infrared profile
characterized by one or more of the following major infrared spectrum peaks in
wavenumbers (cm-'):

2108;

891;

856,

719; and

660; and/or having a distinct x-ray powder
diffraction (XRPD) profile characterized by one or more of the following major peaks as
measured by XRPD radiation using Ci Ka radiation at the following 26 (deg)

5.08;
10.07;
20.16;
-25.27 and
30.43.
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infrared profile distinguished by one or nore of the
followng major infrared spectrum peaks in
wavenunbers (cml): 2108; 891; 856; 719; and 660.
14. The pharmaceuti cal conposition of claim 13 wherein
sai d bicifadine hydrochloride i n polynorph B

L SN I R

pharmaceuti cal conposition of claim 14 wherein the
ol alThe pidcesd @F algén H arhigteirC Ot Ritatorf & @Afviad Obttat 3 erfid of from

of ] rys line polynorph formB. 28a 16. The
c ﬁﬁto@?(ﬂcg?}gbé’%ﬁ%ahi m 14 wherein said oral unit dosage
formis a tablet or capsule. 17. Use of a bicifadine
B nMacureofarmlcmmm for
A ¥ REB of Sty £ RGP AT PGB i P a5l e gfuue of fom
pabloytea td@e] ng a d| stinct infrared profile
characterized by one or nore of the follomﬁng maj or
infrared spectrum peaks in wavenunbers (cm'): 2108;

818l A pBatiacenticd] caisbsGfA in drdvalt dosage Termdcsthgridifcdolid
X-ray powder fllffractlon XRPD). profile characteri zed
S

b@ﬂlﬂﬁ B Farslelsa bigiiadins by Chlgnﬁ}aja B an e pbamaaceutically

{%gééf%tﬁ? o{%%ﬁ ggig‘gh{e?g 8o g? Sglq%g&wl%aﬁé% !éﬂfsfa?s‘jiﬁa@{ﬂg%d@ﬁnct

infrared profile distinguished by one or more of the following major infrared
spectrum peaks in wavenumbers (cm-'):

2108;
891;
856,
719; and
660.

14. The pharmaceutical composition of claim 13 wherein said bicifadine
hydrochloride in polymorph B crystaliine form is present in said oral unit dosage

form in the amount of 25 mg to about 600 mg.

15. The pharmaceutical composition of claim 14 wherein the oral unit dosage form

contains from about 25 to 600 mg of said crystalline polymorph form B.
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20.16; 25.27 and 30.43. 18. The use of claim17
wherein said nedicanent is suitable for adm nistration
of said bicifadine hydrochloride having crystalline
formof polynmorph B in an amount of fromO. 5 ng/kg

t s, aﬂ%’éqng&sﬁﬁhl&g cREh 19Pherdt? said BEal WAL dB8fagh féhis W8ablet or

W?\%Elﬁe..sa' ~medi canent is suitable for admnistration

0 said bicifadine in all unit dosage forns

contai ni.ng from about 25 to 600 np% 20. A net hod of
art

pk b&lse iof g Disifeding & polynpmwhen ghemenitactarc o mediqamenhtor
heedvoehpain inle patieneirt tved thmeofihe Ehpdlpmorph laving andistinet e
%iaﬁﬁ?gémme Eh%ﬁﬁﬁﬂiﬁd&ijﬂbn%_or SUFP t Ef ﬁllerfallcﬂﬂﬁg ﬁﬁjc%r infrargd
Frmn% _.R.either polynmorph formA or
ap%‘]r:n Xt tl?rgg(so%{ 6‘8 yrmret)ﬂ%{dra%' A and B to an organic
solvent to forma slurry >appl yi ng kinetic energy

to said slurry at a tenper&t'ure of at nost of about
350C or for at least a pe¥i6od of tinme sufficient to
form pol ynor ph B crystal s 10; di f adi ne

hydrochl oride, the pol ynorggs. Eh@sdplales NP8y powder
UitdoSh ARPDRPEHLLAHGizof BRLAELERLESS B (858 maor
m)rgfho he Bg%or L akg 6(i‘_pec r%gépoilﬁ sip
RS e b R 0 Tasgfion usgrpCh Keadibtion ot 1be follqying
gdee) and/ or having a distinct x-ray powder

diffraction (XRPD) profil e5d8aracterized by one or
more of the follow ng maj o ompeaks as neasured by XRPD
radiation using Cu Ka radigfjon at the follow ng 20
(deg) 5.08; 10.07; 20. 1(%2'27’311(1

30.43.

18. The use of claim 17 wherein said medicament is suitable for administration of
said bicifadine hydrochloride having crystalline form of polymorph B in an amount
of from 0. 5 mg/kg to about 20 mg/kg per day.

19. The use of claim 18 where said medicament is suitable for administration of
said bicifadine in all unit dosage forms containing from about 25 to 600 mg.

20. A method of producing pure polymorph B crystals from bicifadine
hydrochloride in either polymorph form A or a mixture of polymorph from A and B
comprising adding bicifadine hydrochloride in either polymorph form A or a
mixture of polymorph from A and B to an organic solvent to form a slurry and
applying kinetic energy to said slurry at a temperature of at most of about 350°C or
for at least a period of time sufficient to form polymorph B crystals of bicifadine
hydrochloride, the polymorph B crystals having a distinct infrared profile
characterized by one or more of the following major infrared spectrum peaks in
wavenumbers (cm-'):

2108;

891;

856;
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25.27 and 30.43. 21. The nmethod of claim 20 wherein
said kinetic energy is applied by agitation. 22. The
nmet hod of claim 21 wherein agitation is carried out by
stirring. 29a

719; and

660; and/or having a distinct x-ray powder

diffraction (XRPD) profile characterized by one or more of the following major
peaks as measured by XRPD radiation using Cu Ko radiation at the following 26

(deg)

5.08;
10.07;
20.16;
25.27 and
30.43.

21. The method of claim 20 wherein said kinetic energy is applied by agitation.

22. The method of claim 21 wherein agitation is carried out by stirring.

29a



