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WD 2005/ 023192 PCT/ US2004/ 028736 POLYMORPHI C FORMS OF
3-(4- AM NO- 1- OXO- 1, 3 DI HYDRO-

WO SOSARXIR2 2- YL) - PI PERI DI NE- 2, 6- DI ONE Thi s appl PCHUS04/028736
clains the benefit of U S. provisional application
60/ 499, 723, filed Septenber 4, 2003, the contents of

whi ch apgyr PERHRPEILASORNIS BFCEPAAMIROE-BX O, 8 DIHYDRO-
entiretVy: Ve O

. U n \|V \
rel ates to poISOBNDIOIC-2{YLRBIRERBDINE 2%6-DIONIOX0- 1, 3
di hydr o- isoindol -2-yl)-pi peridi ne-2, 6-di one,
conposi tions conprising the pol ynorphic forns,
met Tigel appslfcafiBk clagné te HeaditraBnps) sroteionsl aplicaminsuisomnT23, filed
their use for the treatnment of diseases and ) L
SepéspRer th 3013, itheceamimniyof Whiech Astingqraenated hygefererice Aevein deir entirety.
di seases, autoi mune 10 di seases, and cancer. 2.
1. BAGRKIEFXAVF DHE ENVENEIN ON Many conpounds can exi st
in different crystal forms, or polynorphs, which
exhTHk invedlibd R148¢ tofo¥sahéphic FERRNGTR(4-a@id-1-0x0-1,3 dihydro-
spectroscopi c properties. For exanple, certain

isoig@oldrishprierididie-3,6cHoiRs @ﬁ@pﬂﬁ?orb@omiéingéhg pflynmmg farms,
' i1Gul I [ 1
me#lrgc)i/sotgfg r?x,rpﬁlérﬂé g{e rﬁ)’o?g‘ﬁé%é?ﬁ f)c/)px’ﬁ%anc{ r%%\%xggsr Sf téglg ’uls%?(dé' tlfijer tlgt_ea?ment of

an otners
disdasd¥bamtlicoaditiohs Ricludinks, bltvest MediteAnd) inflamARBtot¢ disé®Rs, autoimmune
- (1997). In the case of drugs, certain solid forns may
disqasesppRdcancefavai | abl e than others, while others may be
nore stabl e under certain manufacturing, storage, and
2. bi BACKGROIENDIDF THE INMENTIG@Nparti cul arly i nportant
froma regul atory standpoint, since drugs are approved
by Mgencsrasoids Radexisiia diffentf@@tal #66ndod Golymorphs, which exhibit
JAdministration only if they nmeet 20 exacting purity
diffgyeat phaicab chemical iapd sRacCHRM@PIPropHtese dorterampleg cartainmpglymorphs
LR o :
of L& U?{l?é nfd b%%ore@@%&ful&?%ﬁ{%e 1211 g.rt%ﬁw ggﬂgntﬁ,\é\%ﬁi QPW more readily, or

i certarn so ysi co-'c
may 'cmnﬂ:msk: mgresqasity thgﬁ@ttmrs:)Sq@{ @poe Pt DﬁﬂartmyslpétczﬂL U.%]flm;?al Anal.,
not | t he ready approval of other pol ynorphs of |
48:1%3{38;@%7)9 gﬁ‘ﬁ FRC O%EWW%W@O% ??anscwasabweffomﬁavaﬂable than
3 r fec r . .
oS8 MR 0 U b bR bl g
conflitmos.abhik iis partiawarly onporess froil 4 tegulafory ktandpodntp sinceldrugs are

spP BB P Sl s o a el §: Toodand il AdeiiBaten ou dithey meet
exag(i)rfg;ﬁﬂﬁ{/ i cl%aggcggﬁrizljlﬁgn sthA@4r8{. OfBeed R r@hﬁﬁﬁl‘f Bpr8¥al B¢ ¥he

nor phs o g can provide a variety o
polymiorphtod g eempons], vihickeerthibitsscertBingeBibdity and ghgsi@sdhe@sosl (including

. I .al di scl. - (4- am no-
e AL S Bl i 05y B s rgpymonts o

thatvgiafngl@ofr?oﬁmf ul in treating and preventing a w de
range of di seases and conditions including, but not

| i el gdonpbic fpong 008 conpAE ARCMaysR e Pa@TB@cutical arts to affect, for
example, the solubility, stability, flowability, fractability, and compressibility of the

compound, as well as the safety and efficacy of drug products comprising it. See, e.g.,
Knapman, K. Modern Drug Discoveries, 2000, 53. Therefore, the discovery of new
polymorphs of a drug can provide a variety of advantages.

U.S. Patent Nos. 5,635,517 and 6,281,230, both to Muller et al., disclose 3-(4-amino-
1-ox0-1,3 dihydro-isoindol-2-yl)-piperidine-2,6-dione, which is useful in treating and

preventing a wide range of diseases and conditions including, but not limited to,
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i nfl ammat ory di seases, autoi nmune di seases, and

cancer. New pol ynorphic fornms of 3-(4- am no-l-oxo-1,3
walRtvgae39t soi ndol - 2-yl ) - pi peri di ne- 2, 6- di one CBEIT/US2004/028736

further the devel opnment of fornulations for the

treatment of these chronic illnesses, and may yield

. UIer.o i F £3(4-
oAb .l s R0, 30 BISRORRE s of 3
aminBIICOHTPRHS ﬁﬁ%ldwﬁsybmﬂoﬂ)ﬁwl)}fnpﬁﬂdmeiﬁﬁ -dimok cex furtheg the development of

di hyd dol di ne- 2, 6- di
formeleipe " e BT oF ek S BRRICO PG R OBV RSt

t as forms A, B, C, D
form aﬁgﬂ W?Wﬂgd@ﬂ et h|&lﬁ g%r%ita?%ﬁ&fgls SO enconpasses

! further enbodinents, this
) REeheds of making, isolating and
charact eri zi ng the poI ym)r phs. This inventio

pr@kﬂﬁ RSP HREIASICE P YERITRRSOL - Bhamipg! -9 ¢ig Laifrp-isoindol2-
yl)—pgm(@gler% & (a{c{r%oxo%déﬁ LR, AREWIERGBA pRfvides polymorphs of the

comptuinddrtifis@hedal asfoythy ApBp €L DY ENE; G2ar8tldi Ghe invEntion also

i nvention further row de rlgtrho s for the treattma nt d
enCO@maﬁﬁeéVéﬁNeérﬁ’f (t.hes%. orngy LR yrt iments. IHyyFuiypryrogides

metlﬁ'g lhT@? E[E gtu?ﬁdgﬁcp&ﬁfrﬁér%gt e 20%&6&1 in need of

or prevention therapeutically
ef frﬁistmmueﬂalsntprmﬁdes mxah;amnptal ebmpogioryrndsingle unit dosage

oxo0-1,3 dih ridine: 2
form CoBRHERE BESLRNPTH K &mexﬁpsi@vﬁééﬂé‘(g Pigo gbag Spiperidine-
fréhtiehtes; tion of
2,6- @h hﬁ’éalgﬁ ffgﬁlﬁ% rQﬁ%%H‘%?ﬂh%%ééﬂfi tl’g!r o%ﬁugles arqmenl ofa

variétg pf disentaariddisotderaywhishaemprse sdmipistesing tRABjieHnNgpthof such

treatgr%:@;:gq?[g}%nﬁf%l‘tmgg rgpeutlﬁ?@/jﬁge%vg Ia%g) teosfe a apsoéﬂfljn&%h (ﬁ;3 (4-amino-1-
oxol1 @ﬂlﬁ?(ﬁﬂh%lh&ﬁ-ﬂ%ﬁbe‘iﬂﬁfetl grgice. For m A, FI GURE 4
provides a representative thernogravinmetric anal ysis

S KWN@S differenti al

pogT am of Form A;

i des . resentati,v
%ﬁ@l@ﬁﬁ Pgﬁ? IHV?@E%@P%C ShltSip it fygqee go the attached
f1guEer sovi des a repr esentati ve XRPD pattern of Form B;
I'GURE 7 provides a representative |R spectrumof Form
B; F3GURECURRVEles aaeprassntative Soraysrandst AifEagigpd K RPD) patten of
spectrum of Form B; WO 2005/ 023192 PCT/ US2004/ 028736
Forgi A8 RE 9 provi des a representative TGA curve and a

I eHIEERE 2piovilePaGeprefitabg MR¥pedtrinooNF&m A;

FIGURE 3 provides a representative Raman spectrum of Form A;

FIGURE 4 provides a representative thermogravimetric analysis (TGA) curve and a
representative differential scanning calorimeter (DSC) thermogram of Form A;

FIGURE 5 provides a representative moisture sorption/desorption isotherm of Form
A;

FIGURE 6 provides a representative XRPD pattern of Form B;

FIGURE 7 provides a representative IR spectrum of Form B;

FIGURE 8 provides a representative Raman spectrum of Form B;
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FI GURE 10 provides representative TG IR results of
Form B; FIGURE 11 provides a representative noisture
w@ooop2as? desor ption i sotherm of Form5 B; Fl QEREUIN04/028736

provides a representative XRPD pattern of Form C
FI GURE 13 provides a representative IR spectrum of
F E 95k&3 ' QR ERRAN RbfesentRAEDSC
SRaTURR o Sl o RS R G SRR b

thernicgpare ®€Fban Bye TGA curve and a representative DSC 10

t her nbgram of Form C, Fl GU rovi des .
r Jﬂﬁéélgﬁutlgpr%deﬁ@ﬂfﬁsqﬂ?éwleﬁé&-"ﬁ f%b‘ﬁ%"g?o‘fi‘? Bre 17
prgd L Y&V Si H/dbiERaasRhdraof F
e O PR M A o Form
B; representative XRPD pattern of FormD;, 15 FIGURE 19
provi des a representative.|l Mg ctrum of Forén D
FI IGGRER B 4 2 proyjelei AT Bres F At i RAECRAE ™ pect r um of

F RE 18I ResZlrePfeattitaldf R {REMGADRFBIN'G; TGA curve
aglﬁdmﬁ%p}rg seﬁt asti\?gfeDSC t her r?ggram of Form D; FI GURE

2 2F} GRE dd pravidespr eprestrdativeeR amiasspgeigum of Form C;

sorption/ desorption isothermaf, Form 20 D F

o7 BB 18 TR e P AR B S GP R PG Ee DSC
therrho Er34rRi@vi des a representative TGA curve and a

r

resentative DSC thernmogram of Form E; FI GURE 25
pr BIGURE 1% preyidesmpteatuitateventPdRuewlis of Fors & desor pt i on

is f Farm 25 E: Fl QJRE 2 L OVI: R
r eﬁi@@éﬁt &tﬂrﬁ’/‘é‘dwpbéﬁ??tgﬁ%e 8 1rs‘glargg alﬁ‘%&g/ﬁ%s?)rqébornrﬁs?};hem of Form
c. FIGURE 27 provides a representative thernogram of Form
" F, FIGURE 28 provides a representative XRPD pattern of
FoFKSCREAISquREdeDa mpesserfatva XRER) patism ek orm Bisc

th for..a s . E 30
or BICURER 18 liof SRR Fuliv A Bt ¥R ok 5D
FI SEERE D 0srovidees reprdsepradscRumtn vgeci@h ofiform Dind a

representative DSC thernpgram.of Form H, Fl GJRE
pr 5IGHRE H prepidese rPESFRRUIR 'BAp‘H{rY%?":‘H ?:)’FGPP%FWF‘%Y%§C

then\{l\%)gr%%oo%%%]ﬁ? PCT/ US2004/ 028736

FIGURE 22 provides a representative moisture sorption/desorption isotherm of Form

D;

FIGURE 23 provides a representative XRPD pattern of Form E;

FIGURE 24 provides a representative TGA curve and a representative DSC
thermogram of Form E;

FIGURE 25 provides a representative moisture sorption/desorption isotherm of Form
E;

FIGURE 26 provides a representative XRPD paitern for a sample of Form F;

FIGURE 27 provides a representative thermogram of Form F;

FIGURE 28 provides a representative XRPD pattern of Form G;

FIGURE 29 provides a representative DSC thermogram for a sample of Form G;

FIGURE 30 provides a representative XRPD pattern of Form H;

FIGURE 31 provides a representative TGA curve and a representative DSC
thermogram of Form H;

FIGURE 32 provides a representative XRPD pattern of Form B;

-3-
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FI GURE 33 provides a representative XRPD pattern of

Form B; FIGURE 34 provides a representative XRPD
weaiseenInf Form B; FlI GURE 35 provides a PCT/US2004/028736

representative XRPD pattern of FormE; FIGJRE 36

provides a representative XRPD pattern of pol ynorph

MRXGWRE 33 BrdviddVREr2éRaAlive SRED hetkira € FoahBye TGA

curve of Form B; FI'GURE 38 provides a representative

TEAGURE 34 pfovides mrépreseRlaGURKRRD patésrn @& Fogm B;

r epr tive, TGA curve of o Fl 0
pﬁgﬁiﬁﬁ‘gggp’foé/b‘}eéééﬁ?%ﬁ%?ﬁéw?@c@ Pgée%f"fggggn%; FI GURE
4Xeraig §@§r&/i&e§ 858 HnRitive SCRITA patkrv &f 9blyperplmariptre;
m xture; 0 FIGURE 42 provides a representative DSC
t HAGRIRE aTiprofidEoa mpBsent@iGRE Aeirpe ol Feras Ba

ti DSC t h f F ; -| GURE 44
oI 38 oS SRS VA EA A KBFRSRFSHdF For m B
FIEdRR 59 RE NI e fres @RARS TG Alclit@ dPFomhalBer mogr am of

Form E, Fl GURE 46 provides a representative DSC
t HAGURE dfhpodviges| aympieptntativet IF A curvesfFoonde: 47

prQvj UV-Vi s scan of. di | utj.o ' E
EALROEE LMol PRl RS R £
3- Kt 1ATE B9 Prodd-alrepreédisttliedSC thermogram of Form B;

i soi ndol -2-yl ) -pi peridine-2, 6-dione in disgsol ution
neciGIARE BB QuREdesa 5prsseniity edDfy INraogkash ook ori Bpg

- (4-.am no-| - -1, )

ar PRt e D8 Rk Ps therogram of Forn B:

di sRATRE43HreadésTepRSeithtBieRBS 6 Ghqymogiaiesf Borm E;

calibration curve for 3-(4-a'no-|-oxo-1,€ - ture:

di FYGITRE46airavides a TEPUsssnipi yal)» o it o kg PHRYIY merRl jagture:;

51 des. a. kA A am: Fl GURE 52

or %ﬁ@%gq‘g Psrngég% "f?{\’l yv%:sﬁsrc e B%%S%?tr@{B@@?I&RE 53 _

pr BIGURE 48provides nEVe Vi ssswbf10.06 mgsil pH3-64-aminB1 44@- 153 dihydro-
~and_ 25 FI GJRE_54 provides. an intrinsic dissolution of
isoindel-AyDipesidiper2-digne SOLESnERRET) ON OF THE

! “ﬁ%ﬁk@'&gﬁaxﬁw@?ﬂ KNS aAST 0.908 nipPhe b3 -ahamint- £9%0-1,3

otherw se "i'ndi cated, the terns "treat," "treating" and
dihydiorieaindein?-y1)Feperidine2 bhiond inalissalition nagdizmyi sease or

di sorder. and/ or, at l.east one of It . dant " .

oy RiteURE Mgrondeti mbRioditClor - BhpEHRL1 3 Bhydro-isoindol
2_},11'_ ?gg@hg_q,ﬁ_g{@,ﬁe;terns "prevent," "preventing" and

‘prevention” refer to the inhibition of a synptomof a

di FEAERECT] piosidesiasolubilitheurye ebBarm Afsel f. -4 WO

209’?&8&%15922 provides a solubility curve of Form B;

FIGURE 53 provides an intrinsic dissolution of Forms A, B and E; and

FIGURE 54 provides an intrinsic dissolution of Forms A, B and E.

S. DETAILED DESCRIPTION OF THE INVENTION

5.1 DEFINITIONS

As used herein and unless otherwise indicated, the terms “treat,” “treating” and

“treatment” refer to the alleviation of a disease or disorder and/or at least one of its attendant

symptoms.

LA 10

As used herein and unless otherwise indicated, the terms “prevent,” “preventing” and

“prevention” refer to the inhibition of a symptom of a disease or disorder or the disease itself.

-4-
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PCT/ US2004/ 028736 As used herein and unl ess ot herw se
i ndi cated, the terns "pol ynorph" and "pol ynorphic

wo eoosi02319ef er to solid crystalline forns of a PORPS20N€028736
or conplex. Different polynorphs of the sanme conpound
can exhibit different physical, chem cal and/or

S RRCHsE@ RERM ndiflBRIdihe@Rise @1&1&&&@ Mhe RBYS I*Séllymorph” and
properties include, but are not limted to stabilit

“polyfrerpljc ford tefztio solid ¢rysteljine Easmsra agiopinonag oaemnﬂéﬁsﬁsf;ﬁerent

poly %”Rwétggtﬁﬁlg 8‘];\1%%%‘1# Ctati\%%{lqudéig%r%ducl’glg{cn'PQHéxg%gpgﬂd/r@)
spect@s&ﬁﬂ@hfc@@hie‘st Differhf fHsRACRSpdrties Bichide] bt et lingsed! tb stability
from changes in chemcal reactivity (e.g

(e.g., i héatpp hght&,l copygirefsitiildty, and density{importang @sﬁsﬁg@ulfaélpmand product

d|
man e B Bt VBRI, Pl G POl o
stabil’ffg ‘éﬁl@&!sﬁﬂ frophai ek dhbingdal fecvity tetd) @tferedtibindNidation, such that

storage as a Kinetically favored pol ynor ph converts
a dosege forardisselovanozarapidlyrihen semprited gieing pekyprorPl fhagathen

com 8t BB R 1 AERUEFADAER PSS 34008 e on

stora @sp@hhét@@llls)ffaﬂ%d/ p@l@ﬁhﬁplf:@ﬁv&ﬁsf ®ahernielyhamicalle asire grable

exa one pol yrmrrI) Iqht be nore | kel )&%&
polymerph) 901 ngﬂ@g gblats gienerolymp@h ars mPes fuscapsibler tojbreskdgyn at high
huml n,p[f)ﬂ‘i%%ngéhgﬁpalf ?k%}eﬁgﬁstzoz ﬁ%ﬁgﬁ’ét . | %?Lf?:gttntﬁellg fpﬁfcessmg For

exard@w bhepsignoiph nightdk yove fikaly ob farnnwlletes @ rmght lbremore difficult to
obt ai ned bfyj a nunber of nethods Fnovvn [ g tthf:
filter op gtgsirirem obENpUTEIes doan ApOHhendue Rotor ISRATPEd <§haﬂ?e<rftS‘Ze

distri%&t%r}’éft;?a}r{lélé?&f@” nelt cooling, solvent
recrysta

zation, desolvation, rapid evaporation, _
r dpolgmonyis iofig, malbaule cadie aigginedblproa ndinbéafi roethodsrichown in the art.

Suchdpeéégcralt nd rpgl(tjle gpég g?cg dneﬁgeﬁxé%@hqﬁgpl:l drﬁﬂgééﬁailﬁlg; solvent
recrys@ARAGH! Ql%sﬁ’v'&tn)na&plcb Dgﬁﬁnhoh | ipidedolifg, sttvl E&ﬂﬁi% y@or diffusion

scanni ng cal ori net ry her nogr avi met r
and sxblimytigrovidielymeipiiscas bg detwtyd (iSigvified, dpssifiasl o mlcterlzed using

wen S e AT gt R PRl SRR E BRARE Moty D50,
therM @2 ANABES (COMR) X-taf bowdadifftRlonseCRIED) PigleRayail X-ray

spectroscopy, hot stage optical m croscoéd/ scanni ng
diffrestasnetrso vibraidonsd epasiros e solusioacelasinesiyy seli Stalg mupiRgr Magnetic

L1V t
el R A ARS8 e
micréic8 P sbdrir@y elebforliSslodtepL(SEMY eleztren cf}&tdllbgra@hy? aﬁd Quantltatlve

or data presented in graphical form(e.g.,
analRigppartiglecizavmalysisdPPA ? sugﬁta: 3R anadysyy ﬁ@,umlg)é and rate of dissolution.

B
IR, Rage@gnd 2EMRSspacta)pdrid urtdess atteewlse indiemddy ticeuserin ﬁpeﬁé refers to a

The term "significant peaks" refers t(g peaks at |e {)
peakir other speginl S¢arare tat gne slafied iy the ayt vul f%@gmﬁ%%%"tlaﬂn utable to
r d
back%{%)‘ﬁn& Rg%g n‘f‘gé géém %ig%ftu%é F?lég EI%?%T% ilot ﬁegkg gtelgﬁsrt ﬁhrhc‘srgtﬁdléﬁ? Size (e.g.,
heiglﬁiﬁbﬁothé\spdaﬁ§ﬁl the spediruanet daed, st leasoédrin2ser 1.f direatlednedian size
e term"substantially pure”" when wused to describe a

of othey peaky ipHhe sPegireBYISlatd means a solid formof the
CORP %gézidhetraﬁ and unless otherwise indicated, the term "substantially pure" when

used to describe a polymorph of a compound means a solid form of the compound that

-5-
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-5 WD 2005/ 023192 PCT/ US2004/ 028736 conpri ses that
pol ynorph and is substantially free of other
weoiogmeaiphs of the conpound. A representati vePCT/US2004/028736
substantially pure pol ynorph conprises greater than
about 80% by wei ght of one pol ynorphic form of the
confpoR@ROaH M oyiforpl 3nd i aibsbeally @&Wéftﬁfhé’ifﬂog}t}ﬁo@ils of flﬁ% ‘compound. A
pol er ably

ynorphic fornms of the conpound, nore pre
repigicatatiae subsiantialp pureq@lybgrpheogiptises grefienthen pboutBFpby weight of
f . d d. | t b 0% b, | ght
one gBbigb Rt SR Ritp B R Rere BT i A o urignt G
polyTdrphip féingy ¢flthy cGhpAIRY, ndoRdprefRaIy g%@%rgﬂe}n"‘ﬁio%%O% ®fy weight of

one pol ymorphic form of the contEound an ess than
one FBLYHOTBIE Byl i compordbangtlpssrtharpaioptrd® fHiycwéighingf thé other

Pl T BB, B B P e (e aBout 059% by weight

of 00@ pPI9OEbIAA thrireEIhé b@ﬁ?@bﬂ%d% a9 % \L{%l%o&fhﬁé other
10 pol ynorphic fornms of the conpound. 5.2 P&_Y PH C

polymegepiic Torms of ihe pempeinds arf] mestneeferablypgregtantiphiabodtdX7fsby weight
- (4- am pa-1. - - i hydr o- .
of o ity AFARE s PR oyl B o a3 s of e ot

polysitarpieit fisrenssdfalidicdigpoud. 15 Thi s conpound can be
prepared according to the nmethods described in U S
Patsent P@ISYMORPHICIPORMSDS, 635,517, the entireties
of which are incorporated herein by reference. For
ex gﬂﬂlisl iayemir?ﬂdis dimperht mﬂm@ghicafen;ﬁa @@B-lwmw 11 -ogo-1,3 dihydro-
. .C tic hydr ation o -(4-nitro-1- oxo-1,
isoifoh 2 spPerNiAf s o 910pFy DCh BRS UF HEUSSIS. pBRDSIOW:
3-(4-Nitro- | -oxo0-1,3 di hyglro-i soi ndol -
2-yl)-pi peridine-2, 6-di{oneg//can obt ai ned by al | ow ng
2, 6- di oxopi peridin-3 foni loride to react
wi th met hyl 2-brononet by robénzoate in
di met hyl f ormam de in tfhe pres cd of triethyl am ne.
The net hyl 2-bronDnetmub-4-niK}obeHzoate inturnis
obtained fromthe correspondi ng nethyl ester of

ni - - j i i rom_pat.i.o

" AHR B Sy S B L BB . Pt
Nos Fip28in2i0pdnsl 96335 (%4 ﬂm‘drmi&}ties O_RW_hﬂch&re incorporated herein by reference.
E di h (iirgbel soi ndol -Z-él ).- pi peridine-2, 6-dione can 25 be

or gﬁslp{ﬂ % ngo&r}ﬂ P %grepﬁlga thropgh eatalytie hydregenagion §f 3-(4-nitro-1-
I 5 Toadhd afgR.2 &l V3t Mitro- V8RN 3 d isoi

o 30 BRI 2 RRLLER L SARE 1 LRS! gy i
2-ylepipttidige-21fedioho @ambnéd)btmiged Ey)hﬂﬂv?ng ﬂf-d@oﬁ@eﬁiﬁd@-%onium

di ssol ving.a wei quantity of 3-(4-am po-I|-o0xo0-1,3 .
chlofyie P T LS5y Eah et rfiohenisse i hmety fomartide in the
presRE bPHetlRiBR! ?h@%&ﬁﬁ%r@&ohﬁ%ﬁ-ﬁ%iﬂ?ﬁ%zoﬂaZn furn is obtained

n be tilt an

sol utions of the conpound can t ere
fromghe eqraspendiey astrvheserof tigo-ortho-aeluirpeid by eofvehitidMal bromination

with A BRInDR I infie Lrides B inflaShes Of light.

Polymorphs of 3-(4-amino-1-oxo-1,3 dihydro-isoindol-2-yl)-piperidine-2,6-dione can

be obtained by techniques known in the art, including solvent recrystallization, desolvation,
vapor diffusion, rapid evaporation, slow evaporation, rapid cooling and slow cooling.
Polymorphs can be made by dissolving a weighed quantity of 3-(4-amino-1-oxo-1,3 dihydro-
isoindol-2-yl)-piperidine-2,6-dione in various solvents at elevated temperatures. The

solutions of the compound can then be filtered and allowed to evaporate either in an open vial
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(for fast hot evaporation) or in a vial covered with
al um num foil containing pinholes (hot slow
we@aporHd: on). Pol ynor phs can al so be obt ai nedPET/082004/028736
slurries. Polynorphs can be «crystallized from
solutions or slurries using several nethods. For

(forTAR Rt @vag@raﬁ%%ﬂ iR \951?‘10 <d vﬁfh %ﬂﬁnﬁer egfﬂegont ifli)rllg {pinholes (hot

t enper at qui ¢
slovakvapeeadiond Etnigamorphsroam alsb beebptcalt fusie sludiese Rulymophs can be

cry TR e lusons gt 4168 seveesl athadsy i example, a solution created
at afeleQhR@tdnY Rk urel (P %I"i%gl °:¢2 cAf'Be 1ﬂ@reﬁq]at§ék§§!ﬁeﬁ 9fRb&Hdd g&’cool to room

di ssol ving the a sol vent I NnCrease
temp@ﬁtmee! aDuoeeeat feory tgmpkFatiife, @)e faniplomaddidynoc ogkiatltzeidan de moved to a

refrkgﬁ ?ﬁé ﬁ@l \ég é.}t%%taplvglg? the ga]ﬁggrllqngagp@oc;as%hc%gigtrc]lvbeynélésg{]vmg the
solidliy S19ert %Phrpg@feage&’tle)npgfaﬂﬁé ngs %5 6% ?&%edﬁ%’ égoﬁn}; Inadry

an unsol vated, crystalline r| al at can
lce/&ﬁh'entheth from non aqueous sol vent systens. Anot her
e nt of i nvention encon;plasses Faorm B of
1rperbt)9 e |gvention encompasses Form A of 3-(4-amino-1-0x0-1,3

dlhﬂir@)%'irﬁibl@%llﬁﬂ En@mMJZ)G RioRE! FIR A is2n B gdl%l@d &gsrtéﬂlg’e material

is a hem hydrated, crystalline materl a that ‘ca
thatpe b abldined Sionv neti-aqusous sdlventisysyss.eAnothénambatiment of the

anﬁ‘%lF?ﬁ g'geﬁnn}r@toas%% th }40 nl}:{f gi Ia%rfnoe-i]%ggqaf 31%§ldr%01rsg11n&:ol 2-yD)-piperidine-
2,6-diohy dFernh Bak ﬁ%@ﬂnﬂ‘%fd)/itéd Rirpedllifd ABrediaBhdi @%e JHRAITRIFrbS: various

a hem solvated crystalline material that can be
solvep sypisBg. Anehes e@imeng gfthe davention emgpmpasses fFedmt@of 3-(4-amino-

o T
matérsed ithed 0hn Be yhthinpd pofd shlvertsueh @b, e noFidhiedd, Sceone. Another

crystal I i ne, saqlvated pol ynorph prepared from a
embpifRept ef §i° Haveation FRGaRASsHdORRIR P S /dorie-1enbolds diydro-

1son9cfoz tzhﬁ)mbiﬁgﬁfl‘ﬁlb .- ?ﬁgg R8T BPis A%y MThE s8fvated polymorph prepared

frongla Inyisituce- mfsacetndmhleZmylvaatqm Peafdtibrembddiingit N the ifr@dntiol ehSompasses
rial. . Another

T TR P—

dlhyai‘a(t«é(Ej sPflide rﬁé’t@n&l %nother emboglment Sf gle &nventlon ncompasses Form F
r6-i soi ndol - 2-yl) - pi peridi ne- I'one. Form

of 3aﬁ-arrums~du+0xat %)) dlh(ydgastsainldohE—ytbaplpemchhe-ﬂlﬁahoﬁa nFd&en F is an
ned fromthe d tion,of Anot her
ons B R R B B o Doyl Form

Anotiref émBBAiRRNt oK nilveﬁt &P F. -
di hydr o- 1| soi ndol - 2-yl 1) E‘?Cp?én |assle?1eor2m6G %fS # am}pé)r MEHRS g

dihydro-isaindpl 2yBehiperidine-2/6-dinge. lidrer Gas an tuwal vatalh) chygtalline material

that Gt GSing, B0 i s A B P Sy eRGEh 8 Dprptyimited to,
tetraﬂ?dﬁ)hﬁén erepod 'ﬁﬁft‘ﬁer%?nkfotiﬁnérﬁ 68 fife! ifVe DA LRSS Ses T B of 3-(4-

- am no- 1- oxo-
amingy- h@d@d 3 @bydreosmgdqm;ybmmndmmé 2li¢rediFona. H Box partialiyshydrated

r|aII rystal | i.ne_nat at can
crys G PR @iapnal L B i 5ieRbos B BETLF a0 P relabyecimugiaiy. Each
of theacfdrms i cﬁicugd@asledét@ﬂwwﬁ di scussed in detail below
Anot her enbodi nent of the invention enconpasses a

C oﬁp\@ﬁlﬁt embodimeptr ofshe ipvenmar cpm:ourpaﬁe{ 4campomt-1d)n cotoprisiig

amoxa]yﬁe %ﬂ?f Ifiﬁxgrllor-]g-ozcgrzlai/ﬁl&fg&oper gqlngyl% plperldme 2% dione and crystalline
3-(4iéhf11fé61ﬂ%xb§03 gﬂL?J_hf?oZmaﬁlholpz%fﬁlﬂérﬁﬁn@z,%-ﬂbﬂ)en@f Bfm LB, E, F,
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WO 2005/ 023192 PCT/ US2004/ 028736 G or H. Specific
conpositions can conprise greater than about 50, 75,
w@006/028% wei ght percent crystalline PCT/US2004/028736
3-(4-amno-I-oxo0-1,3
di hydr o-i soi ndol - 2-yl ) - pi peri di ne- 2, 6-di one. Anot her
, | Y .
G o e e e b0 Sbofiffi B 0L A, ERERPRARS PSS TP s g
percﬁnt(atysiaﬂme) 34(4<mmnd:,13)xo 1,3 d1hydro isoindol-2-yl)-piperidine-2,6- dione
dr o- |s |ndoI eri di ne-2,6-dione 5 (e.g
m B n}ﬁ%?ﬁ%‘eﬂ% OB%?R!IHIE}SS“S‘ @ITPOFJGRMCAmpﬁémg at least
i’rfe% I
two gt%?’d“w e R | o Ted BBl SRR 28 e
(e.g-desukiubedf palyhwgphfbess B.add £)6. 7, provi ded bel ow. Form
A can be obtained fromvarious soI vents, i ncluding,
but not 5l2.1m (RARMAL- but anol, 10 butyl acetate,
et hanol , ethyl acetate, nethanol, nethyl ethyl ketone,
andh¥data desgibed heregth fond oamrAs ms ewdindsdor HmﬁﬁF!P—[BI pmré ebtained using

the QxpaiBpisf trodRin EREUEHTn BB 2 f Sxoviabhgos:
14 Faym YPeanltfe Sbtairéli Rom3riodd Sb1¢éhtd 016G e, ARt not hm1t%d g) 1-butanol,

Representative IR and Raman spectra data are provi
butyl acefatgyatleanol ethydi a®tat€2€p¢tbsmit mtthykethjldretae, and THF. Figure 1

har cterl rm ares Ln Fi r
shoy PR Bl RReDlaae iy T dRE Rebetn s ruiined B peats.
fSRbIG, sidnifié phéars, AR iﬁ’ha\t esim@t%ll I | 9ltang!
pre aboé;emgwoc [ g attri Bllb}?ed t%ltydecorrpo& ?ISO%%TQ@ g 2‘3Sd%grees 29.
RepiesanjativerIRradRamamepeesia data are pravided s Figares abmdﬁ 27oc

RSO BB S GO RS B % o

shoWS a gfmuﬂ magm ind2é-88 ip GRblout 190NC, ihdcAhHonalndblviied material. Weight
Equilibriumcan 20 be obtai ned at each

loss F“é‘?"&tlﬁxﬂ) eC iy prihugsd tgidegompesiioie FherASd ciere of Formgsoshibits an
enddt@éet AWPudB@oRerel ative humidity, it tends to

mai ntain 1ts weight such that at 5%relative humdity

| t Representatpieaadibiyrd sosptiomngd deborptiof) dira 396 plyiydindipure 5. Form A
remai nin

art to.finish, Form A is capabl e of
docsgif EFyRbApisigndicsnl eiehosah fiom 5 115 Hageatrepaay o Eastibriom can
be o@tﬁﬁh@& aPach4elativShurfidfly S6H° Asethﬁfdﬁf'ﬁ_dﬁblé "Bt b¥% Wk down to 5%
I nt erconversion studies Show t orm A can convert
relative hmoriditys if tendscto enalntasntsv\eﬂ’ght sr;zh theatrat SGadelative manidéytit has

typicyfly K85 By ARG By el S Finih. Fpim e gpable of
remaifif @ EbyselEnd blidT6r zﬂfoﬁ? e Gﬁys%hé:noé't&’egat SHRLMA 4t5e ggj S 34%

convert” to FormE. Wen stored for a period of
felat%h@ay@ltsunder two different tenperature/relative 30

r emadrlct Veﬁ%‘?{f }Sl?‘;%g{}%'?ﬁ %haﬂﬁ 1%16 om t enper at rel O% aqueous solvent

systemsRindalah )éoﬂ@@ﬁo%hn@ﬁlvﬁ:éionﬁgoﬁeﬁ's §t€fn‘§n§3 R W ends ¢ bl
2005/ 023192 PCT/ US2004/ 028736 fy ol feas Wb stable in
anhydrous solvent systems. In water systems and in the presence of Form E, Form A tends to

convert to Form E.
When stored for a period of about 85 days under two different temperature/relative
humidity stress conditions (room temperature/0% relative humidity (RH) and 40°C/93% RH),

Form A typically does not convert to a different form.
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In sum FormA is a crystalline, unsolvated solid that
nelts at approximately 270C. Form A is weakly or not
why@sosaepi ¢ and appears to be the nost PCT/US2004/028736

t hernrodynam cal |y stable anhydrous pol ynorph of

3- (4-am no- I-oxo 1,3

di o

ot ]!é‘%’s%\f/rg ;Fé) ?rgst)ﬂlh}le ghg@lghﬁég%ﬁﬂﬁ@ ﬂéﬂo ?ir%ﬁﬁé §tc %ar;])r%mmately 270°C.
FornoAtisiveaklyfor nm lmygn(yscspllc\aad tappearniol hecthe osbihiermatynamically stable

l[imted to, . Iuee wat er
anhy Qi goR T egéﬂ% iy ?paﬁyg%lsswd%fwﬁgmpeﬂdme-z 6-dione
zed by peaks at approximately 16, 18, 22
dlsc&'g%ﬁalg ﬁfagr ees 20. Solution proton NVR confirmthat
Form B 3-(4-am no-1|-oxo0-1,3 10
di hydr 05?3% k Fidgyl ) - pi peridi ne-2, 6-di one. .
RepE&S Bdaf bk \oB1aifR daRsin H@a@@@oﬁeﬁ@tﬁ@m [, BIQIWR lindited to, hexane,
Figures 7 and 8, respectively npared to Form A, t'he
toluen® adevaten riigane ‘6rbiows B rmrssep@@wg >§1Pla ppﬁtmwﬁEpén)B gharacterized
d 1960 cm e e d TGA data for
byp@%{sﬁg@pép@ng#éﬁ&m 2? ‘?éﬁé C curve exhibits
engdghui6h protéd Nm%nﬂiﬁﬁtlﬁﬂporﬁﬁﬁ 1& fdRese3 @N-Qﬂﬁrﬁ)- Blofo-1,3
identified as 15 qlehgdr ation and neltin hot stage
dihydﬂocis@sd@p@“}’léﬂpEmdm §-digngr rﬁqu@sppiatlaw an Remap spsfra are shown
1°/voI tiles. up t (
in Figutgy 7181 B spiiipiet STt 2 Brthe HRSbRAERLE P B has

peak@ bt dppRoMialatdly BSES Mid 1o6bhai’.of water indicates that
they are water (See Figure 10 Cal cul ati ons from

TGA
daRepiesritaied 3R apd EGndata fo Eormdirate shpwndn Figyrg 6" The DSC
o EL PR i SO AP OPTRAE S0P B0
dehydaitidnang nsdlangby hotfstapemeicioscogyosxpefimenty piFoah [BytygimaRy loses about

3.1% Blakey b KA 13- Colher AP RSRITHRLY P el ot S hRg Cotmparison of
the Igasi)Ectgﬁhvﬁf ﬂl\éevog%fﬂésd\bﬁy thak at‘élslnlf_ifl:raf@s B gl rtl'leﬁzsaré Gare: 9

Jorelative dity, it ten
Figural O)t ﬂamculatmménogh’f(}mna hﬂaiataahaﬂ%mleB at & bemihydyath. tarl Fischer
ically has d.only about 0.022% by wei ght
wate(r%zgﬁg?elsg@ R?ﬁt)SﬂFI? ci'fsé‘?q to finish. 25 Form B does

NOR 35 Mvetrﬁm@tu?é J&ﬁ(ﬁcﬁfﬁndfdé%&‘tpﬂﬁﬂ Hatﬁép@m ihFig@hkewl. Form B
84% relative humdity for ab ten

typidatly eloesomatexbibirae sgnifica “@lrghh/gamfroméf’/mowi% pﬁlata{el hpmidity, when

cquifiE 1 PyhBenoben g Ry Relis A B BT o5 back down

to 5BYelAve hhmMidGUR @Sls 1S RhMedlh its Wel @ Sudibht ASPblRivedlaiidity it
and 10% water solutions, FormB is the npst stable of

typicaliy hag gpioed aely mhpet G: 2 bzzsfwegh(t fabeyt QOO mp) drom gart to finish.

Forrp:B %%ﬁ %8 SOl ?x?(t)? 8%E%elr%ﬂt eqult)%dnleé]xﬁpseusrg rt]cg% %ﬁ?84%|1§¥£¥§ Eumldlty
for BB®ALY @hysOn experinments show 9 WO 2005/ 023192

PCT/ US2004/ 028736 t hat upon heating at about 175C for
ab&uercpirvassioh sudiss shaw that Bory Bi typichYy eenvees tasFoumn Agp,THE

solvent system, and typically converts to Form C in an acetone solvent system. In aqueous

solvent systems such as pure water and 10% water solutions, Form B is the most stable of the
polymorphic forms of 3-(4-amino-1-0xo0-1,3 dihydro-isoindol-2-yl)-piperidine-2,6-dione.

However, it can convert to Form E in the presence of water. Desolvation experiments show
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A. When stored for a period of about 85 days under two
different tenperature/relative humdity stress
w@emdiozitens (room t enperat ure/ 0% RH and 40C 93R6RB$2004/028736

Form B does not 5 convert to a different form 1In
sum Form B is a hem hydrat ed, crystalline solid that

that [t feafthe OB PAEE for LALEHGO RHANS], FArdB BpRAI5 BOWerts to Form

converts to E I n aqueous
A. systens, and converts to other forms in acetone and

ot her anhydrous syst Form C can
obPHIEREPTES Ehadiraind g@b%fﬁ Sapuen o i FaRsora plative
b
rmf5 5008 SRR oL A O AREASRRLB L 0GR Fyn B docs n
convatteo adifferamtfermzed by peaks at approxi mat el y 15 5 and
25 degrees 20 Sol u

pr ot on NVR cat
3- frusulirifioemy B dspbep ygt Frydrlastager ﬁafar? 1 af dbdlu 26
InteridbiBREdiGH H6aids Sndil Ane FHHﬁ Bcét')ln@er‘tssto'mqg in aqueous solvent L systems,
epresentative | R and Raman spectra are shown in

and Eonyerte® dBerdiodnd & aceempacd bthet gnhydtmsisistemect r um of

Form C is characterized by peaks at approxi mately

3466, 3323 ®HORBBC8 cm 1. The Raman spectrum of Form

Cis characterized by peaks at about 3366, 3321,

1 1EQ1;m Snandebtained fR@rpregm@tmns;/siunrw@ and slow cools in acetone solvent

cteristi.cs otted in
Sy R PSR SRITD <Gt O P gt PyRBR. rhedata are
charhéi@ﬁié@'bgriﬁaki atl spproxsahteBt B35 ﬁiﬁiﬁ dédrees\W. ght 20 | oss
above about 175 is attributed to deconposition.

| d&akutiph pratpe NMR m@p@ws thaisthe B-(Fwpne 1cage- ba dihydro-isoindol-2-yD)-
h
oo PRI S, SBELRER S HiERaman gy e shown i

Flgu@&sm@taﬁﬁ 1af rd@ﬁ@dtivﬁl}r B Ilies@b@tt'tﬁﬁi of Horfnh GLiE €hdrBctenidedrby peaks at
spectral [ibrary, shows acetone to be

aPPrPh@%%X?‘*%@éﬁ?’ a0 3318 sm o iheRamanrpactaum 9f Eamm Ctis gharacterized
by pg&i{s@t 93%11? 3%6*}% Spﬂo\{agrﬁ%ggy)%om mat el y 0.497 nol es of

acetone curve rmC, shown in 25 Figure
15Repichdrvative thexadeil hh;traustemlca arHorth50 aeenglotdibnt Figge C5. Form C

s attributed t

losey gwt BROBH YA B (haboBhL e Eaiafng 1 solfisf e, Weight

loss Tb&Vedbo Y75°@X19 ﬁfu‘tﬁﬁ@& §r debBRipsNEat NRIiAdatidR & 4 olfiREin Form C
is attributed to the nelt based on hot stage

can be(momphshesl wtﬂe fiﬂeﬁemmmwatswﬂilstr@meswm iIBrspeatiim captured after

sor t|o b ance dat n Figure, 17 30 .
sevepg P ReBEAHE SIRPBI 1 TargnF wa iRt ViR D hiibrary
shows icQtd%@% b€ ttﬁtlie‘étemﬁﬂéf{‘ datcvlatibhe RomeTGAl dabi dhe th& Form Cis a

obtai ned at each relative humdity step up to 85%

hemiselvatd (appronimhatelyy0.495% molssf acstene).v EhhDFCdiurye, forGemm €, shown in

S SN TR I A T

150°C is attributed to solvent loss based on observations made during hot stage microscopy

experiments. The endotherm at about 269°C is attributed to the melt based on hot stage
experiments.

Representative moisture sorption and desorption balance data are shown in Figure 17.
Form C does not exhibit a significant weight gain from 5 to 85% relative humidity, when
equilibrium is obtained at each relative humidity step up to 85% relative humidity. At 95%

relative humidity, Form C experiences a significant weight loss of about 6.03%. As the
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sanple dries from 95% back down to 5% rel ative

hum dity, the sanple nmaintains the weight achieved at
wo b@serdonf the adsorption phase at each step POIMIS1004/028736

5%relative humdity. Form C is capable of converting

to Form B when stored at about 84% rel ative humdity

(i .

S DT oAl 00 1 P relett BRI ME S hB: SAifhe weigh
achisp¢d/arihe endsofghe ad&mpt;qm mimbd 3t eacinvep iowh oo 5% relakive husidity. Form

. aguequs. sol vent s n an acetone sol vent syste
C igPTHEO; SHRE S FOUn AL MESH Spieaar a4l homedin
appRIxiHisleR s @hyadol - 2- yl) - pi peri di ne- 2, 6- di one.
Desol vati on "experinments perfornmed on Form C show t hat
updnterdogutrsiog studiesisbaw ttht(RBrmd‘f typiailly cbhwetso Fotra A in a THF

Form C wi || caII ert to FormA. 10 In sum
solveghypiEm agldé-‘/@?%t 1810 Feifh Edh %?wog%w]l&entmt@n In an acetone
IVeR dySteAt F@ﬁﬁmx}ltmhswst bEERfm JraL NGko- ]
% hygStryosecopl c bel ow aboutal 85% RH, @bqﬂagglgﬁ lc%%ovcla\3 dﬂ%ydro -isoindol-2
yD-Fipenidige-316-dibhg h@ﬁSOﬂ‘@Itlan|euperhnmtsjp¢rfc&med5m2704mRCWthhat upon

b d f
neaGRTaRp iAo SR i elrbiis FARE P eich samvee o A
patlh eiid, Bdrnd Q€5 4 eFfyRtallfneS HEWRoIVAtRIsGNA, ewlﬁgh mHi? apﬁ%}%&ately

i s characteri zed by peaks at approxi mat el
269 e gFerasCapnotdyigtascepic pelomorbonngd % Rii.datt ean tdm/brtttch &orm B at

.0x0- 1, 3 di hydro-i soi ndol -2-yl) -
hlgh%r éegartg'g]hﬂ%@tlgs ‘di one nolecule is intact.

Represelglga m&l—ﬁ:d Raman spectra are shown in

Fi gures espectively. The IR spect rum of

5508 DGy AARhBLIB AT YRR b Bl RuRERIGH DRI

repraenmtmdﬂxm pﬂtteixedf thb)fome akshowh iR PIHueX 1 STETRS yat%ﬁﬂf’s characterized
%@ 2297, 2 g and 1150 cm 1. Representative

by Pepis ArapPieRmaly 7|a§ §§38T&FS BbSrmD are plotted in
Fi ol.at
b0 brotbRNIIR ndied S aDRL’ :p i {05 ity IBindol-2-yD-

piperidigis-2,&divne natdoande 5764Gct. éie@tetsemthﬂtceﬂi fuad Hmamgmtrh aRshown in
vo| atiles are

. TG eriments, i te that e

Figulgs 15 el o roBechine, (e IResgeistitaol Bt Bris parestersted s o

approRidaté{ 95@9 2299,/ Rd2286 ciVa e Ratndy s?y%&mm lof FB D is characterized
sanmpl e. A representative DSC curve for Form D exhi bl ¥e

by peﬂ@@t peprazimatgly 394312889.2297 022000 16462 am:l 1Xhenéndot her m

b as ggr%ger? t%tfyg g‘ll %ﬁ\%a‘%ﬁrész Cﬁ%ﬂf Plﬁg‘%ﬁ% sﬁi‘é‘é‘g ‘ﬁ‘lFe dgyebpyorm D

lose€2vRE 6. T80 %lat]ﬂﬁugﬁfdﬁ@oh@l 75°8t 1nd§ﬂaﬁfi§ a $69%tell naterial. Welght loss
attributed to the nelt based on hot stage experinents:

abovembptol783€ it aitribueedntei @mnposstmmtT@ﬂRamgemsms ptdicate that the

slafft PR ST 22 R 085 GRlgpoutone mote o

watef 69 lﬁESemanhhmsﬁhlBlh! WheBres@ftativel DS € YitvieFoPPE R D%Qhﬁ)tlts endotherms
each relative humdity step. As the formdries from

at abgybd 17 abgut A7H°Godbe @ng.tb«znmwabojszmac doguisited to loss of volatiles

based on observations made during hot stage microscopy experiments. The endotherm at

about 270°C is attributed to the melt based on hot stage experiments.
Representative moisture sorption and desorption data are plotted in Figure 22. Form
D does not exhibit a significant weight gain from 5 to 95% relative humidity when

equilibrium is obtained at each relative humidity step. As the form dries from 95% back

-11 -



10

15

20

25

30

down to 5%relative humdity, it maintains its weight
such that at 5%relative humdity the form has
wa ypsozdiby gai ned only about 0.39% by wei ght (BODUS2004/028736
0.012 ng) fromstart to finish. FormA is capabl e of
converting to Form B when stored at about 84% rel ative
dowﬁ W5 G Ire}éu(@ﬁum RphdTRk s3{ts %}ﬁ%ﬁal that at 5% relatl hum 1ghty the
I nt er conver si on fudl es s ormDis capa
fomchas\lgpltalbgmmadﬁuﬂyrahbut 0. 3@% Eyl@esgbit Yabout 8.932 eny) fiom Ealrt mo finish.
in an ous sol ve stem and to Form C
Forng AL AT PiRerty 5 B Bovbimsoreat Sxest haladve humidity for
apprBf?l 9% @fysForm D show that upon heating at about
150C for ab ut five mnutes FormD will typically
co Inlalcon‘tems i stodias shaw shatFofo Dhis Ibapzﬂ)laotcrqmbmhlgitm Form A in a

THPS :l ; sol vat% W:Et . both wat e[ and acet oni t]ESI’ C

VTR SYBEE P £ QIR E EBAguPetel Mpnsysiem. paf i FprmC in an acetone
v e TR SRR ot Bl o
abouﬁ dﬁﬁ)‘tﬂ farebout3ive. rﬁlﬁﬁ@RHpﬁnEbwuﬂi E/puxaﬂy lon vt @i Foeoh Ay

o1 Bt & Asnaite bt epatrg Wi otigis and acetbotile, which
melt@‘d@%@hhlﬁﬁl}oﬁﬂ)?d FoRm % diteX edid of hBVE, g?osc&%c but will typically

i soi'ndol -2-yl)-piperidine-2,6-dione in a

conveitso Eormib when steessed ashighisorelatbehuadéitione: wat er .
representative XRPD pattern is shown in Figure 23 The
data ar 8 2.XhHORMIE| zed by peaks at approximately 20,
24.5 and 29 degrees 20. Representative thernal
chEPaR Eejap deioptingd byoilyrrfing o4 mngned doxonl . Fidgwideo-isgindol-2-yl)-

. i.l e

plpeg girngb%l %faoég Hri:@fg e &é&?gg F%prapglgugxg S%Rh 3 1 ?éﬁ(% 1t 5 dihydro-
isoimiei-2+yi)apiperidine e @hdione inghsolVas Syssém aﬁﬂﬁdﬁthb lof BBbut P ut

1. 38% was observed between about 125C _and about 175C.
acetoRer WML | 4 SLPTSISBIREVESRRD pattaen isshgwnin Figugey23.oThe data are

Jolalpgs oIt C ri ments

Chargﬁppor ﬁtﬂﬁg&%rﬁl}c’ﬁ%&%ﬁéﬁhﬂgfﬁ? gggeg%t %egg(%l ght | oss

i nRepssentdtive shatmal Clarawdrestics dhEomep mesplntted inighi®Q4. Form E

) f F hi.bi t dot . af bout . 99, 161
typichlly G50 Bous D Ta e o SRS i PN Lo hating dHbit 1o seldated
materiaP r.&%@&fﬁﬁ v?e'?%ﬁﬁ@ﬁ IJf R BH&tloﬁﬁleabgﬁtdpﬁmrﬁ 0@% r@é%]%ﬁtw%& about

about 122C are attributed to | oss of
125°ﬂ1@deabd@tt Wéreh Aveighdass mgeabcslt dﬂﬁ?@ tsualttenbuted to Hecomgiosition.

1509 5B Ao Wi o

FornFEgsJ a€e t93watér0 'MheFepréfintalveYD SO 8SvE $br IR P b£hiBits endotherms at
ni ficant wei ght change fromb5 to 95% rel ative

abouh@ i filtapd 26R%5  Bageidlantmbsenvatiensabadgi dveing &pt sagﬁhrmcroscopy

cxp e 18 AT A1 S5 R R A B ot

The &idthcites absut TBOTC i Joribaicdhtb trelsslt bikal oﬁthoﬁsﬁa% ;@khﬁfents
hum dity the sanple has |ost only about 0528% b

weRepresenfabiye sroagturetsertion; and. demptz@o@t@ acdotted in Flgure 25. Form

4 onver.s I ow,
e T R YR
wheBy@liebriian & dbvaifred anech relaiveifans ot ﬁB}B AY sHeinpld\dried from 95%
aqueous sol vent systens, Form E appears
back down to 5% relative humidity, the sample continues to maintain weight such that at 5%

relative humidity the sample has lost only about 0.0528% by weight from start to finish.
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to be the nost stable form Desol vation experinents
perfornmed on Form E show that upon heating at about
wa2®S023e2 about five m nutes, Form E can convePCT/US2004/028736

Form B. Upon heating 5 at 175C for about five m nutes,
Form B can convert to FormF. \Wen stored for a period
Of IfiercHRVesibi 9@ilics Wow tHat BHRNTE dABRTE! ﬂérﬁfrﬁﬁ/‘ 4 by Bcetone solvent
hum dity stress conditions (roomtenperature/ 0% RH

systeam andi OCGF @824 Rhip THOF snlent yyiteral Ny agiwess swvent systeres, tForm E appears
a,different for Waen, stored for seven days at_room

to b Ll foop RRESORATION eXPRrRCRlD RS e S RV Pl {hat upon

heatin@labhbbut 1959 For @bbteiNefmAfR] ForhfB chf cARER G T8RS, %%on heating
conpl ete dehydration of FormE. A representative XR

at 1758€ tfer abouf fiFe mimres, EnowB ¢an dongert & BGm F.s

h terized by | t imately 19, 19.5 d ..
25 gy Baed 5t o HeclB 26 Bn Anvs GHef et fbfercon et aheleefiie humidiy
stres® CofRfiAArGIR t&%ﬁﬁui‘eﬁ’oqg (R bfd 40°C/I3% REP) Form E typically does not

representative DSC curve for FormF exhibits an
convgrido eiféffercatt forho Whenao@ed farsevrmidays mtmohytenippratwe/0% RH, Form E
r _end iI—Tdi cative of a crystallized form
-3

can GRg e SR Ao i
di hydr 0+i,s0i - 2-yl)-piperidine-2,6-dione. The DSC
t her mgﬁ?}?ﬁ)dm show any thermal events prior to
th t [ Lty n.u | vat e .
ot 25 o0 B35 T lhcak e b B3t 2R peppesspraive XRPD
pattesh of Forinng, Shorisin Bigunel 26, ib oharklteAvddesyr eaknitabprxintiBly 19, 19.5

Eitttern of this form shown in Figure 28, is
and ehdegaessel% zed by a peak at approxi mately 23 degrees

AR BREnGERL S ) el B EO e RS inTgure 27, The
représkietativd DSGaua fer Fetn Esxhibitkan endstheren 41labbiite369P0 preceded directly

Fi gure 29. 25 representati ve DSC curve for Form G
by t) o PR JORER AL SRR iZoMbierm Doy 13oxo-1.3
dihy&f&Bikbind L2 -HYQIdRSS Mo akiord Ottle BSE %ermaﬁltaﬂ?ﬂg@lno?m dny

are seen in the DSC thernogram at |owel tenperatures,
therngalgpyemts iprigr torthe mielt, juggastingribaliviatapdinselvaed alaterfal.2. 8

FORM H Form H can be obtained by storing FormE at

room t efi@et aFQRMABd 0% RH for about 30 7 days. A

regresent ative XRPD pattern is shown in Figure 30. The
pabeen  Gag berphtairaddry sheaying formsge and Etin ThFd ey repeeseri@tive XRPD

ro S A RIS 20 bS8 e 2

degredsaoadives other eakatsiqed Forid G kippet at %%)roﬁﬁfa_fﬁl}HZI 8E34.5 degrees
about 1.67%volatiles up to about 150C. Weight | oss
20. apbove about 150C is attributed to deconposition. Karl

Z%%gﬂgie%? V@#@ﬁ@cﬁa?fc‘ierﬁ%&ﬁ&ﬁ@d}%% ﬂ)lXtt&P ﬂltlé‘ligl?rsé 29. A

representative DSC curve for Form G exhibits an endotherm at about 248°C followed by a

small, broad exotherm at about 267°C. No thermal events are seen in the DSC thermogram at

lower temperatures, suggesting that it is an unsolvated material.

528 FORMH

Form H can be obtained by storing Form E at room temperature and 0% RH for about
7 days. A representative XRPD pattern is shown in Figure 30. The pattern is characterized

by a peak at 15 degrees 26, and two other peaks at 26 and 31 degrees 20.
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(about 0.26 noles), suggesting that the weight |oss
seen in the TGis due to dehydration. The 5 DSC
wa b@soegpam shows a broad endot her m bet ween abpait/USDE1/028736
and about 125C, corresponding to the dehydration of
Form H and a sharp endot herm at about 269C, which is

| s OS0S AT8) ERLSE, Mo s s

1.6760voletiles tip thaimmI HESO‘WJ eWeiphuloss alsbvierabdutHl SOFQ ﬁm&iﬂﬂmd to
acet one,

deccFRA o0 FIehs RERANEYS 13t Eefy HEGPIGRRY $amging about 177% water

abopL b B e (R B LB e SR I Roiggon. The

DSietdBgrAdSh S BRI Shtl GRAErTBMREEh Ibémlsm@ah& absuy IlQS‘tG

t he nven on, exhi bit_ physjcal characteristics that
correspgndiBR it ff@ dzhyqrgtion g camié and Asharprafethemn af ahgut %@9 C, which is
likelyS8e té%h ne0! ynor phs of the invention have utility as

g harmaceutically active ingredients or internedi ates

t h&Ylemfslurfied $n watee mtlh(mthemﬁm‘rmaﬁs seEB, aftirhabast 1@ days Form H can

con\%ﬁgg ygﬁg]fngﬁg L\;{?a%i n l—%ﬁé g-\f gf'rll’ll ggr%(lert to Fgll‘nsl %a.ls\%?len slurried in
acetdid FofH &l coﬂ??&"tgolgorﬁ'i dydro-i soi ndol - 2-yl ) -

pi peridine-2,6-dione. In each of the nethods, a
t héx ape,LEoruaHIlg/a orystatlophyplid.dtyidcaed withfabewttd. 2emals of water, which

ampunt of e ound is admnistered to a patient in
meltﬁgg%ppgpmgﬁ}:aﬂygg&gfnem or prevention. Exanples of
i caMETHEHE SEPRIARE %B.[[ i f@&i&&bosmws

an 9' o%kﬂ ?':‘P thé %R/%Stlon( S%L%)lfé% aa?%ctg l th&? g gwggeéﬁclal for

drugaﬁdmfmmestdrage as a& ﬁxmhﬁspmfof@wm@éﬁlcﬁmﬁve gty as
cancerous conditions include those described in U'S.

phargieaifiicaliy activs ingredienty of ipfemnadimesshoreph 25 Ml | er et
al
o TP RSPl RL EDEAEEN, 8k ey o
dlsezisi:s aﬂD&ﬁlthTomalslllgrlml}oﬂorwmftﬂi(éswnaﬁi-l-oxé%lrﬁddmy&)o-lsomdol 2-yl)-
pipes %?8 gty F"‘)Ch emtheésg %?fh‘?r;é%l%tﬁ@ 3 or &ffp Jersialy effective
amo trcﬁ WESHh &fnd%/%rﬁﬂ'is@éréé & &pdeieft @ READESuch sl %? ¥ prevention.
of ot her drl)seases and di sorders can be treat
Examplep pEsushtdistasesandgconditions lrtcludnsblnfard et lirmivegrto] (hSBaaes&lssoaated

Wlthém%‘i eg%gg{oge@sm 26 gg,lsslgllglaﬂ@ Pfsqg?i%%négts%ﬁfs inflammatory

dise®0f)aufoiihRMe diseas’s, HdSmmund Qllls*égdeg 9 EX S @l%§ of %cexfs' an@%re-
Cct'ober 23, 2003 (Treatnent of Pain Syhdrome) and

cancemue QQHdLB‘ZInS lm@uQ@wB@Q@tgﬁemﬁ OSpaen/m028%,3%1,230 &d 5,635,517 to

Ml B i g AERS UL RGP TRLcoat &Ll A APplicaton nos.

10/43pBh9,Gakd Apsil ¢1,12003 refetintent 8f MYSRIIRPIALE S yBbRIeN 10Y438,213 filed
reference. Depending on the disease to be treated and

Mayt HeZQ,QﬂoﬁT@@atrr@nmfn\dmw@ , ypmfﬁ@mpﬁsmﬁl 1,626, filed/Apitil bl 2003

e B e R D s st

can lbd'\tfréa@egd &{;ﬁéﬂﬂﬂted WirCéonSosRiont bf thelidventishl Bfeted@fdSn U.S. patent
i nj ection,
nos. 6,235,756 and 6, 114 335 to D’ Amato and in other U.S. patent applications to Zeldis,

including 10/693,794, filed October 23, 2003 (Treatment of Pain Syndrome) and 10/699,154,
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i mpl antation), inhalation spray, nasal, vaginal,
rectal, sublingual, or topical routes of
w@evsi2HP? ati on and rmay be fornul ated, al one oPCT/US2004/028736
together, in suitable dosage unit fornul ations
cont ai ni ng conventional non-toxic pharmaceutically

. ' ' n vehigl es ..
e o1t 007 [Tve i BEAMKAR) D@yt Py of gac of e
patentscindipdteat appdicgtimispiied hatetn &Gncbrpdreted Mbresh b adfedehe),

st 3}! lity, and ot her pr ogerti es, the optimal polynorph

us FPERCIAR PR SRfsdisesse {1 bayreasert angeie gehyeqis aondition, padymerphs of the
. . | bH Sdhitd %mgp . for. t hat , ar.e, r eadi |
lnveggf)ﬁg{ﬂe&% n aqhsgégg% bgg}:a&’t [ onsérglr(g'gﬁr e %‘P%%‘i“ly%%apﬁf Onéél’
intrgpvenaisdBCV ) igtracistenmb ggediion 18 infudi6i, 8B cutdrols irfjétdion, or
. xhibit great thermal stability may be preferred in
lmpﬁﬂ@tlﬁ% OREPEY. BaRl yagipdlatrtal ryblinsueb o fopieal owesof

; u . . .

o e T TR ———
containfirgetontvergtional bomeoxdd pledpinbéduyicalynangaptable fcatrides, adjuvants and

.p‘%l ym)rglgs t hat 1gmre thgr(fp_euti cally or . .
Vehlﬁ 6_6?18?9 ittp &og §agh reupte @ g.rgl:éuqtrﬁtlgnh £GaHsR ngldqﬁl polymorphs have
. I . . .
S B0 7 PO b0, B30 g g o
of treatmertiney lepmtion therare dfadmieistradomeRdrexafple forms that are readily

i pvention ol ynor is admnistered orally and in a
Solubﬁda paueous a‘?al\‘}ﬁafé%ma QFE&W é@g& foPravids diagidsinsecoforms.grereas
forn®RAlexRiblirt A R shBRityBAHBY preférrdd i3 ThERAHfattutLof solid dosage

about 25 ng/day. In otHher errbgdl nents, a pol ynor p?} I'S
formgdmignitahless end eapsnlesht her day in an amount of from

ab .10 to .about 150. ng/ da or fromabout 5 to i

abotoush i RSy ara R S LrRioRpGBe & o cases, affect thir
bioaPEbileg Sathdiidd oCBEPOR/mdrAShaANS ﬂi’f&fﬁkﬁ ichllylor PASAY Bicti
10fprms tyhat canobeggsggﬁ.ir%ﬁnet ho%ls.e.o ttrlea?noé%t aggdcncauy
effegiive e Hiei teagtmeniof tyariowspdipesse andeconditions ean b&raadily deterhised by

thos§bf qrdinary skif in the phagmagy, 7 pedical syt cesafp qmbgdimentg phibe

inven@orf) adiobyitorphds afrhintutatd Yrallp@n@ in A8iHEledF Wil da5lyQoses in an
di l yents. Specific_ conpositions and dosage forns are

amopntQf Tros abqul Ot 10tonhpwtol 3 meiflashos framuabeat &t about 25 mg/day. In

L eatians.i . i V. f 2 . In e
o0 B O N B3 TSF by o
0.10(te abput 150 mp/@y, onfram sbooufto aboiit 2Haigrday, 10, 25 or 50

rTgT WD 2005/ 023192 PCT/ US2004/ 028736 6., EXAMPLES 6. 1

POL YR /ERERH S PREPRIPASS® PY#rBIR P ek cmppas sioge Aed singlerumit dosage

i | s - - i -|.- QXO0x.- .
fomigitllﬁq{} gfngﬁ% g%e:a nlg g?gtgédiﬁf ?%ﬁ%lee%l?%@&ﬂ_@ge’ﬁé{o | gllﬁléch\?;\:aognprlse one or more
polygmrphised 3e(dtamaisoflobteis-dibydoimimlobd wWRpipesdink-2,6-dione and
.3-ﬁ4- am no-| -oxo-1,3 . . s

OPUGRHY GRBOT LOFHRSIRIZ 5 difieplsy iSEPribic sompositigneand dasage fprms are
disciBRUh tHOvdF s PaGnfs fﬁé?ﬁﬁnﬂ;{?@cﬂidng Wo?p&gte{llgﬁréﬁrg@ar&&rence. In

solvent. Solvents wer el ther reagent” or
one &hlgodanenfyu e simgleetasagesivai| cpmphisesta @IPmbrphRetgvydForm B) in an amount

addL tiopns, he m xture was usually shaken or
Ofab§8ﬁ$’c]r9t 25.‘“%81’31 he solids dissolved, as judged by

visual inspection, estimated solubilities were

calcul ated. Solubilities were estimted fromthese
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10 experinents based on the total solvent used to
provide a solution. Actual solubilities may have been
w@e@anzI9l han t hose cal cul ated due to the use PET/US2004/028736
too-large solvent aliquots or to a slowrate of
di ssol ution. Sanples were created by generating
6. soEXAMPLES syally about 30 ng in 20 nL) at el evated
tenperatures, filtering, and allowi ng the solution to

evghor apprwRicRPH SCREFNEN 15 vial (hot fast

evaporalton) or Tnmavial covered with alum num foil

COR! Yl M BEhRCREA k& Serlehitt thediff¥reBVAINATainhOY) 3-(Hlaiihy-1-oxo0-1,3

experinments were al'so perforned. Usually about 25 ng
dlhydro 1§@1md@|1 MB mpqtsbme -249-diene Way caried o agifolldwss ol vent .

biital .s
SRERE U 8 AnEdriediT aRer e FroR0Ge D Bherigne- 2.6
dlon@(l\iscélﬁ hwﬁtlomg; WiRItReaR@N e ﬂ&ﬁlot’ssdfrﬂﬁle Rt oDt COOIvERE were
met hods. Solid was dissolved 1n a solvent at an

citheg rengapledt HR¥Hp eradeurThe eHagots wawualaoalwpt 200 ulerbegween additions,
the a{xkure E\gall lsh@&% or sgmcg °8| V\z}ﬁ ! &ldg RoRE 4.2 apﬁlﬁ%eg%y visual

Foom ¢ sanrp &s At di cry
insp¥é&ioR, esﬁﬁm&szli S‘omballtﬁésfvfférl ehlatlated. Selubilgiedvete eqiimatedifrbin these
filtration or decantation and allowed to dry in the
expegimentschasechor Bs1 tatalaluens asediomsenigs a solyton vArgakslubilities may
I
havEB ot Gl Bk ARFRSE i ERRUTRM Ged Sl s or 00
slomt&bfdlédymloﬁcopl city studies were perfornmed by

pI aC| ng porti ons of each pol ynprph in an 84% relative
%9 verarseEd Py nge%%ﬁfrl%éq{ﬁtoélﬁ Jusyaldy gt 30 mg in 20 mL) at
B S T

vial @bt Fast evaporavienyomin acviglarovamed twdthvdnminmar failesbneihinp pinholes (hot
I rrakln slurries containing two forms in a saturated
SIOW:91 ol he slurries were agitated for approxi mately

7 %Q;rﬂﬁéf@eﬁﬁleﬂi@ w020 %%%ﬁcﬁsgaqﬁy QP28 Zﬁ?o%’d% placed in

__tenperature. The insoluble solids were recovered
eithdri3| arrSaml of selventa Tdlepawyles stengthexX RRLed 60 QerHREQAMFIaONther

ambx%:ltg(l\( |OI§QE y%%b%'t solid forms of

di h)‘jib’télhta‘ii@hﬁ dete perforne® ubiag valiiR-cdofing Mmefods e SYRA §as dissolved
prepared as descri bed bel ow. Form A was obtained b

y
in a golyent at 411 elavateshtemperatura (. @u 8bon 60 a@@sefdtﬁsect@luolémagd allowed to

cool at§ g(% n? i:errlxgperzgt%ah(tg?ncg Iat Fﬁ)%ﬁ en pﬁ:gal?ﬁr iaglrp esr@% adld St crystalhze were

moveétd aitydieritor. aSolidsavere Eema&daiyﬂtr@tliﬁraw&dmhytlon and allowed to dry
crystallization fromthe sol vents hexane, toluene and

in thgaire praMSqu@e@de@ddlﬁ%Wgwﬁbm@t qobwgt at an increased
tem erzH{nre r%g 2' Bo m4§| llgw&i]g}? SHEhe Q% f)ce)/a%gt%ne bath.

al ne evap at’i’ons i n
ac glygrustepitiey ﬁ@(ﬂl\ie%re Feyfoisd by pReig povishs @ eadtingdlymorph in an

84%2{2]3;;@‘; ggg{cﬂ% c?lzmﬁlerufro; %}I)pnrgm?nage?y grrlré \r;/gell “oxo-1,3

Desolvation studies were carried out by heating each polymorph in a 70 °C oven for
approximately one week.

Interconversion experiments were carried out by making slurries containing two

forms in a saturated solvent. The slurries were agitated for approximately 7-20 days at
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I soi ndol - 2-yl)-piperidine-2,6-dione in water. FormF

was obt ai ned by conplete desolvation of FormE. It is
w0 ousmi211e2 be an unsol vated, crystalline materiBCT/URED4/028736

melts at about 269 C. Form G was obtai ned by

slurrying fornms B and E in THF. Form H was obtai ned by

' 5 4 % :
amb ey TG R 0 R s RBHBHE DG AR o S dahiged wsing
XRBIZ the desired polynorph for the active pharnaceuti cal

i ngredient (APlI) of 3- (4-amno-|-oxo0-1,3

di 6yXir o PREFARAIHON OF PORAMORRHIC F#ORMSe. This form
has been used in the formulation of APl into drug

pr &dght solfidforus ioh B dAaminordiew:- 1,3 dilgdrd abatleb 2vé)r-piperidine-2,6-
roduced 2 t mxtures of polynorphs in the

diorf ST PEPBH 28 8- ABPELPESY 4 i no- |- oo- 1 3

di Ipyeth o %Qbﬂgﬁled By )Sfﬁsta‘l’lhﬂﬁbh GoRev2idis HbRRGueous solvents including
Devel opnment work was “carried out to define a process

1-butdral, hmmaQetgtenqhmoé, qtiaylypoetaishmethanalnmiettiys etiiykketore, ahd

0 [ cou enment d for_.str
tetraf QB P w0 ooty OEP et Gh SB s veptyhexane,
toludriét st Qv 1B %ﬁﬁ@%@thﬁfne&\?ﬂoni)&va%ofa‘ﬂmﬁé“sﬁﬁnés’ ax@s1bwkools in
di hydro- 25 isoindol -2-yl)-piperidine-2,6- di one.
acetmw By sEeams. d?vrme p‘@IS @htwrpﬂdl feomn vargmel i @@tmmltn gplvent

sySt?oIE ocedt %ayvsa% aﬁ{% Bep%lbly 5 or IWéng 3';{?“1%%%9 @xo- {3 dihydro-

1sonﬁfo§‘»ﬂ%ﬂ)ipip@ﬁdlﬁé ZEGDHﬁhEm Reley."B6IF was Btadidddy dﬁﬁ‘@plete desolvation
ared in order to carry out a conparison wth

of F@@m Emﬁ isHownddp by ap ussRlrated ey ine mategiak thet weltoat about 269 °C.
Fou 78 Rhs ol ST P R P 0 o gty scsin

FormE @ roont temperathirenoldy0v REhfori7ndags. of water was stirred
at roomtenperature for 48 hours. The product was
col I ect &2.by SYNTHESIS ORPOLNVMERPHS I5A8D Br 24 hours
under WO 2005/ 023192 PCT/ US2004/ 028736 vacuum XRPD,
DSEprii BAjs thFdeaived piblly@oaptafoy slesactive pharmadetival mghzcehent (API) of 3-

o o158 85 25D R .o o, PG I b s

the t@fm@laﬁbﬁ(bﬂAPI Rio did@/pYSRIcPIst cBhicar dtddiadl Tied bR lwdre produced
di hydr o-i soi ndol - 2-yl') - pi peri di ne-2, 6-di one wi th water

as appagant [ligfires efpelymarpks in7he @n—ﬁmromﬁeéAPé afi3d4-pmined-oxp-1,3
ure of pol ynorphs excl usively

dlhyflro'lrSBIr“ﬁln]B?'ygéglg?ré(*me'g:gc IpRe paraneters were identified

I NDewélopgentt vedR eV Rtodfred i@k @Fine\ylrbEdRs eHad wdtd g&erate polymorph
par aneters (tenperature and vacuun). XRPD, DSC, TGA,

B frog this nikpreoinedyypephs ord eould bel lm@lemnatned geresittict@olrhorphic controls
in th% lelgﬁio%%%tc‘chgﬁlx}deﬂltu(fg %nﬁfac&%lng L A1 gb;{% é%t}%%mc\)’\)%)%f% dihydro-

rocess was sca
isoiridal- Qeylj pfpSruﬁfle-IQS diBhe. Chafh&erlﬁdtid)dlo@@o%{cﬁplﬁéﬁﬂnﬁcbr@&ﬁced during
at 20 C, 30 C and 40 C, and 65 C wth a vacuumof 150
theW&aSmﬁOkaW&%%deﬁ Tabl es 1 5. The

¢ .O% y%rﬂges?g%s H@B l%géi y[f))e)%lrfop ﬂlsé lgnfga-.%ﬁzéle E?e[;?a%? gn 89 Eﬁ W rEy Polymorph

E mﬂb@ﬂizﬂ \ﬁdsqfﬂd:[%d:d ihfoedexe emyreﬁlt @¢onRPiesRivith Yollahdiph B drug product in

dgest S, that
capsule ssolution testing of 3-(4-amino-1-oxo0-1,3 dihydro-isoindol-2-yl)-piperidine-2,6-

dione. 150 g of a mixture of polymorphs in 3L of water was stirred at room temperature for

48 hours. The product was collected by filtration and dried at 25 °C for 24 hours under
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pol ynorph B seens to be formng first, and overtine
equilibration to polynorph E at RT 15 conditions

Wo@e@ans31vl heref ore generating a m xture of pol REDURINE4/B8736
and E. This result supports the fact that polynorph B
seens to be a kinetic product, and that prol onged

vacin CERPD) DS QMG A OKF @hd SPLICRariyses t@ifirhied fiedt Yieompteril isolated
resulting in a mxture of polynorphs B and E. A

was PRbERYPBEy procedure was devel oped to excl usively

r , f 3-(4- 20, am no-. | -oxo-1.. .
i 1§ A EERRMAE R, fhy gl B g R0 Pedsitn of a miscure of
polypcplesion B (4-BeliedEsxé- 1, 35dihydreds iBdoIa-yIyeiyaidaie- 35 Wisne with water

at -- 75 Cfor 6-24 hours. The follow ng preferred
at high deraperatups(73neD Eprnieaieaded periqdefiiime penyerted thipmixture of

ro B AR08 e o AAR A Ectuamg

temjpirpard, dolventd;oburtld aEd@ingGiarathetérs (2mpe¥athreGind Rd&Ium). XRPD, DSC,
vacuum at 60-70 C is preferred for an efficient )
TGA il oad FPLC aabsenyeiratsed tq chascterizg sl the batehes. After completing
-2y Ve i S o ke
e g 08 e OS2 )RR ot o
APIdChyihgatudias wete lcaiZieyt lopit RR0PC 80 Pdiané 48 °6; AidwF°OWith A& acuum of
e operation, The use of efficient

1502‘8%‘:0 : grsgﬁﬂ%dtesl '8 35 Reparindgblepdent is pr eferred. -18
mﬁ@%@é%&%&@g_H?%&&%f%&-ﬁﬁin%:1ibgd-g,:3@%$§§li%§do‘?f2-yl)-

wat er -wet cake o 4-am no-1| - oxo-
piperidiertioldiche\slyrrypwerersihudiietk - TheGexgedmentat lakératuirg deta stifgasts that

R Ao S B g B
condBER 0dMBs, Aehife¥eendriting A nlMfSo(pdy &e}g%b?]a%a EMii %esult

11
5 Pol ynorphs B and E were distinguish t he vvatle
supposts dhesfagisthaepad ymephld sdcmsan dbe AkAnetic Tneduck fapd ¢t rolonged

sampl & of pol rph Bis mcronjzed ARPl..In order to
proiEREe ot o™ B ALB PR S Satline s asofielymorphs B
and @r i nded before subm ssion for analysis. This

increases the clarity of the identification of the

poAykebeigtary prasedire Ayas devglppeskiogselasivalyairgdusd polymoxpieB, of 3-(4-

. e L nd HPLC 10.Table J: Prelifqinary .Studi
amingbond T3 A5 L IO ) iR s A Ol Dot es o
stirrgI\Q eslumetwatdGIIRID, 7DRCIR@- 3 B6uRE Ehd followhiiy preferred process

parameters have been identified:

1. Hot slurry temperature of 70-75 °C.
2. Product filtration of 3-(4-amino-1-oxo-1,3 dihydro-isoindol-2-yl)-
piperidine-2,6-dione at 65-75 °C.

3. Drying under vacuum at 60-70 °C is preferred for an efficient removal of
unbound water in 3-(4-amino-1-o0xo-1,3 dihydro-isoindol-2-yl)-piperidine-2,6-dione wet
cake.

4. The filtration step of 3-(4-amino-1-oxo-1,3 dihydro-isoindol-2-yl)-
piperidine-2,6-dione may be a time sensitive operation. The use of efficient solid-liquid

separation equipment is preferred.

-18 -



10

25 gwater, rt, 48 hXRPD, DSC, Pol ynorph E TGA, KF 5

gWwater, 70-75 C, XRPD, DSC, Pol ynorph B 24 h then rt 24
whI@s02HR2 1 g9: 1 Acetone - XRPD, DSC, Pol ynor ph RERUS2084/028736

water, Slow evpo. TGA, KF 1 g175 C I hin

anXRPD DSC, Pol ynor ph A ovenT@GA, KF 0.5 gwWater, rt,

hXRPD,  BSEIdia@iny PR &F Wkt %gé))g%-aﬁz n% l%xg_ll GBA\dﬂREro-

pol ym)rphV\ater rt, 48 hXRPD, ol ynor p
isoirdoly2y)- yllpen{blthQl‘,Q}dmné’ at Kb hﬁ.gh)éREHBn Woa)ayaaysenthe kinBtiE2duilibrations

S| i n_he RPD, DSC, No change TGA,
Ofp&i’fm?ﬁlhﬁg "g’éﬁfﬁ’q}%?a’iﬂhéﬁpg é-rperature Ti me and
Sol vent Vol une Anount Amount Water Tenp Tinme Results/

( Dryieg (o Kéorb) Je water ¥os gdurssNnx 31b0tgs (3052 6o ApAurpHe).

Pol}}lﬁbol’;%bsgl% 3 W@%ﬁlﬁggsﬁ b S SR RER D by KF and TGA.

The EKféi/ehJ&QMl@ 38O mORpIUB i iiuiorizeBAART. Thedtlerlto Make accurate
Resul t s/

comparison by XRPD samples were gently grinded before submission for analysis. This

increases the clarity of the identification of the polymorphic form. All samples were

analyzed for XRPD, DSC, TGA, KF and HPLC.

Table 1: Preliminary Studies

Amount Reaction Analysis Results/conclusion
conditions
2g Water, 1t, 48 h XRPD, DSC, | Polymorph E
TGA, KF
25¢g Water, 1t, 48 h XRPD, DSC, | Polymorph E
TGA, KF
S5g Water, 70-75 °C, | XRPD, DSC, | Polymorph B
24hthenrt24h | TGA, KF
lg 9:1 Acetone — XRPD, DSC, | Polymorph Mixture
water, Slow evpo. | TGA, KF
lg 175°Clhinan | XRPD, DSC, | Polymorph A
oven TGA, KF
05¢g Water, rt, 24 h XRPD, DSC, | Polymorph E
(polymorph A) TGA, KF
1 g polymorph | Water, rt, 48 h XRPD, DSC, | Polymorph E
B TGA, KF
1 g polymorph | Water, 70-75 °C, | XRPD, DSC, | Polymorph B
E 24 h TGA, KF
lg Slurry in heptane | XRPD, DSC, | No change
TGA, KF

Table 2: Optimization of Temperature, Time and Solvent Volume

Amount Amount Water | Temp | Time Results/
(mL) (&) (h) conclusion
10g 50 75 6 Mix
10g 50 75 24 Polymorph B
10g 100 70 6 Polymorph B
10g 100 70 14 Polymorph B
10g 100 70 21 Polymorph B
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(m.) (© (h)concl usion 10 g100756Pol ynor ph B

| 0g1007524Pol ynor ph B 10 g100756Pol ynorph B 10
wW@1®8/82319P0l ynor ph B | 0g1007514Pol ynor ph B 10 PCT/US2004/028736

g1007524Pol ynmor ph B 5 g1007518Pol ynor ph B 10

glOﬂRnﬂDnl \/rmr1nh B 10 g1ﬂﬂRﬂ?ﬂDnl Vi rnl*.\ B 10

920B456Am§:mr ph [BAmonnt 3¥aten 3 Tempy\ndiipe | 10Results/

LR R I ol A (8 ) A i idasniok
ot mum Qi 11 onG wer 808t et i nd o Bb 1p. LBBEHER By
ool font (DT, TOTED Clfer ©T TI0U S TeM eofmont B
Condi ti ondTg me Tejmp Coh@d usi on (A (G SyWat ePolyr®rpicB
C p4h2423—25Pelyrorph—B—tgPater—F0—F—F—24
hagp3- 25B9 8 mor phf E Pol0%o h B 2/3wdt eld 4p Polymorph B
£ 150 VA et 3. 0] L4s2 i bePol Yo ph . | OSB!
10g 100 75 24 Polymorph B
5g 100 75 18 Polymorph B
10 g 100 80 6 Polymorph B
10g 100 80 20 Polymorph B
10g 200 ' 45 6 Polymorph B+E
10g 200 45 24 Polymorph E
10g 200 60 48 Polymorph B
10g 200 75 6 Mix
10g 200 75 24 Polymorph B
10g 200 75 13 Polymorph B
10g 200 75 24 Polymorph B

Optimum conditions were determined to be 10 volumes of solvent (H,0), 70-80 °C for 6-24

hours.

Table 3: Holding Time

Amount Reaction Conditions | Holding | Holding | Results/
Time Temp | Conclusion
(h) O

Sg Water, 70-75 °C, 24 h 24 23-25 | Polymorph B
g Water, 70-75 °C, 24 h 48 23-25 | Polymorph E
Polymorph B

2g Water, 40 mL 16 23-25 | Polymorph E
150 g Water, 3.0 L 24 23-25 | Polymorph E
150 g Water, 3.0 L 48 23-25 | Polymorph E
10g Water, 100 mL., 24h, 18 23-25 | Polymorph B

75 °C
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10 gWater, 100 nmL, 24h, 1823-25Pol ynmorph B 75 C -20 WO

2005/ 023192 PCT/ US2004/ 028736 Anpunt Reacti on
w@oemdioeitensHol di ngHol di ngResul t s/ Ti meTenpConcPUBUS004/028736

(h)(© 10 gwater, 100 ni, 24h, 1840Pol ynorph B 75 C 10

¢, 200 200 n

g\later

24h _14-5M x 7'—'\ Cc 10

VAt or

24h, Ameunts pd| Reastion Gomditions () Hppding,| Holsting| Results/
24h, 1440M x 75 C 10 gWater, 100 Lime Temp | Conclusion
24h, 2123 25Po|ym)rph E 75 C 10 g(/lﬂ)ter, 0O mi,
2472 HA0M—x—7 € O— 4h,”"3-""‘"x lu
Hol 18 &g tine a;gb rﬁ@e‘ﬁtr%@bli ajtﬁd it de?é’;
that the mat driAlCshould be filtered lat  60-65 C and
t hdOmmteri al (Wetee2O0Rimh, 246 yol dde of war m (HMix60 C)
wat er. Tabl e |415 & al e-up Expefinents |5 Anmount Anount
1116 7gSTemo Ti nwateRez00l the/ gaH)cl usiign (|L) 23224 h)} PbBnorph E
gl. 6Pol yrmrﬁloda 100 gl 07522Pol ynmgr ph B
10g Water, 200 mL, 24h, 14 40 Mix
75 °C
10g Water, 100 mL, 24h, 21 23-25 | Polymorph E
75 °C
10g Water, 100 mL, 24h, 21 40 Mix
75 °C
10g Water, 100 mL, 14h, 2 23-25 | Mix
75 °C

Holding time gave mixed results and it was determined that the material should be filtered at

60-65 °C and the material washed with 0.5 volume of warm (50-60 °C) water.

Table 4: Scale-up Experiments

Amount Amount Water | Temp | Time /| Results/Conclusion
(L) (°C) (h)

100 g 1.0 75 6 Polymorph B

100 g 1.0 75 22 Polymorph B

100 g 1.0 75 6 Polymorph B

100 g 1.0 75 24 Polymorph B

100 g 1.0 75 6 Polymorph B

100 g 1.0 75 22 Polymorph B

Table 5: Drying Studies
Amount Drying Drying Vacuum KF§ Results/
Time Temp (mm Hg) (%) Conclusion
(h) (0

100 g 0 - - 3.690 Polymorph B
100 g 3 30 152 3.452 Polymorph B
100 g 8 30 152 3.599 Polymorph B
100 g 0 - - 3.917 Polymorph B
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100 gl. 0756Pol ynor ph B 100 gl. 07524Pol ynor ph B 100
gl. 0756Pol ynor ph B 100 gl1. 07522Pol ynor ph B Tabl e 5:

woeopsng1St udi es Drying Dryi ng Vacuum KF Resul t BET/US2004/028736

Amount Ti me Tenp (nm Hg) (1 0) Concl usion (h)(C) 100

g0--3 690Pal ynorph B 100 3301523 452Pol yvioprph B 100
838u6m8t 599 HAtyingr|phDEingo |gdacsum 7PoK¥sor ph HRespits/
WO 2005/ 02319TimeT/ {UsTeop 048Gst Beyi|ng(Tyi hg Genalugion
KF Resul t s/ | Amgwnt Ti me(®C@np {( nm Hg) (%9 Concl ugi on

100 ¢5404523. 4820l ynor ppsB 100 3.482 | Polymorph B
022401523, 516Pol y ph B 100 93401523 67Pol yhorph B
101 g22401523. 28Pol [ynmordéh B 152 3.516 Polymorph B
100 g 3 40 152 3.67 Polymorph B
100 g 22 40 152 3.55 Polymorph B

"Reaction Conditions: Water 1L, 75 °C, 22-24h; §Average of 2 runs.

Drying studies determined that the material should be dried at 35-40 °C, 125-152 mm Hg for
3 to 22 h or until the water content reaches < 4 % w/w.

For a large scale preparation of polymorph E (5222-152-B), a 5-L round bottom flask
was charged with 3-(4-amino-1-0xo0-1,3 dihydro-isoindol-2-yl)-piperidine-2,6-dione (150 g,
0.579 mol) and water (3000 mL, 20 vol). The mixture was mechanically stirred at room
temperature (23-25 °C) for 48 h under nitrogen atmosphere.

Samples were taken after 24h and 48h before the mixture was filtered and air-dried on
the filter for 1h. The material was transferred to a drying tray and dried at room temperature
(23-25 °C) for 24 h. KF analysis on the dried material showed water content of 11.9 %. The
material was submitted for XRPD, TGA, DSC and HPLC analysis. Analysis showed the
material was pure polymorph E.

For a large scale preparation of polymorph B (5274-104), a 2L-3-necked round
bottom flask was charged with 3-(4-amino-1-0x0-1,3 dihydro-isoindol-2-yl)-piperidine-2,6-
dione (polymorph mixture, 100g, 0.386 mol) and water (1000 mL, 10.0 vol). The mixture
was heated to 75 °C over approximately 30 minutes with mechanical stirring under nitrogen
atmosphere.

Samples were taken after 6h and 24h before the mixture was allowed to cool to 60-65
°C, filtered and the material washed with warm (50-60 °C) water (50 mL, 0.5 vol). The
material was transferred to a drying tray and dried at 30 °C, 152 mm Hg for 8h. KF analysis
on the dried material showed water content of 3.6 %. After grinding the material was
submitted for XRPD, TGA, DSC and HPLC analysis. Analysis showed the material was
pure polymorph B. The results of the analyses are shown in Figures 32-46.

6.3 X-RAY POWDER DIFFRACTION MEASUREMENTS

X-ray powder diffraction analyses were carried out on a Shimadzu XRD-6000 X-ray

powder diffractometer using Cu Ka radiation. The instrument is equipped with a fine-focus
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Reaction Conditions: Water 1L, 75 C, 22-24h; Average

of 2 runs. Drying studies determ ned that the nateri al
wG@h@aleBibe dried at 35-40 C, 125-152 nm Hg f orPCBUS®OLR8736

h or until the water content reaches 5 4 %ww For a

| arge scal e preparation of polynorph E (5222-152-B), a

X-ra ﬁ%ﬁr g‘rﬁng l%owtc;lﬁgé %ﬁ(%a““rhperégé"@&ecslaﬁﬁt%ckﬁ'\’hﬁch40 mA, respectively. The

dxve@eﬁqechndsc&mrmgcslhts&vgtb setpit 1 andliheae@iGng skitweas(seb@& (15 mm.
579 nol) and water (3000 nmi, 20 vol). The m xture
lefraﬁgd FROAZTIOR asy 4396%%11 By aelg g&C“ﬂH@HPH deiehiorafidheatyy hsta
4 t
contftiodsoadt Bt 3411064 318, 05010) FRAPIFACrecS 2R 30 dUHEEs 20 was
usedf A ztlhcmﬂstardﬁrchwas ahalymkd each dldyetofchhcﬂetlhe fistrufrfent aligmment.
mat eri al ga lFansferredtoadr tra
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collealedluy sdab timaraky 8 iletastvonbedtatrhege ofel20f b raaakutipm p£0.03°. The tube

h E. F e scal e preparat.i.on of
oIS e 0 0 A AR e R R g wp s
eachfd_ag%‘ cHk f%ﬁ@ﬁﬁeﬁ@"aﬁ?mﬁeﬂﬁ@ﬁy B fopidN Beidvedn 2.5 and 40 degrees 20
di hydro-1soi ndol - 2-yl J-pi peridi ne-2,6- 15 di one

is showolity therfgguresi xt ure, 100g, 0.386 nol) and water (1000
m., 10.0 vol). The m xture was heated to 75 C over
appdoxi FRERVIAAD ANALYSES wi t h nmechani cal stirring

under nitrogen atnosphere. Sanples were taken afte

e6hTeranabses weresamiadatt anrilf Bsiment Tone0r 2889 iﬂ@e calibration

stanti5 0(686\%6&%101(6& ?IS(F 51?818? n&pﬁ%ﬁgﬁ%l? 5I rﬂérﬁ%%ﬂgm % &) }@Bﬂna pan,
accui‘dtél? sWetgheddaddingertbd)ihtaghd Tl“@yfuﬁ’mde dThe sanapleSVere, hedtod immitrogen
or 8h. KF analysis on the dried material showed

at a g @fr 10 Grfmishupdp adingl tempsratue ogﬁp%er AP the nateri al
Wapy s SRS écfuﬁ% d &TEPA 5%6' in{Rfiméfd Tﬁgkﬁltﬁ%ﬂﬁérﬁmd was
Anal’ysi's SRowe e material was pure polynorph B.

indiuth.e Appsulimstebf 2-5meg sangllgssesre placed hwon DIC pamgandthe weight
32-46. 6,3 OWDER . DI FFR

accuifI3 eosBilr TP B O CREa QM Wi 0Py BN -5 Ja g samples

wer@héétyd%qéyn ?8%@&040@& dray *OPRndep 16 hffﬁlm‘efr@e@t&é oB350eC.

Ka radia The instrunment s equipped with a
f [ hbt fskagel mlemﬁdwm@ﬁﬁ@ﬂmwsm&m bay g Ageued erya Leica

be vol t t at 40 kB
Micigigbrigo TR My REIREL S GHproLed ong Lot (ENEE and

scaltg rlhgtauﬁéﬂtst ’?GW(SOS%rfﬂéed]wﬁﬂ 8 NibStet B6® B6M Posdidritransform
was set at 0.15 Diffracted radi ati on was det ect ed

IR smctrapwbmsmrﬂqumpad wath adglpleartsownrce AXTAdS beamsplitkast and deuterated

o G308 ST, A DobhhoP B A e BT Beromer

was %Ia@él@ﬁ’gtﬂ cﬁﬁl&a@ﬂ@hﬂ?lﬁﬂyﬁ}%@ﬁe giyhel iy dTReK while tHeTBG il dthperature
alignnent. X-ray powder diffraction anal yses were al so
and waight ealibsated bisvae ycusuz@ indawn @1 the tesppesgiure calibration. A sample of

approximately 10 mg of 3-(4-amino-1-oxo-1,3 dihydro-isoindol-2-yl)-piperidine-2,6-dione

was weighed into an alaminum pan and heated from 25 to 30 °C to 200 °C at a rate of 20
°C/min with a helium purge. IR spectra were obtained in series, with each spectrum
representing 32 co-added scans at a resolution of 4 cm™. Spectra were collected with a 17-

second repeat time. TG/IR analysis data are presented as Gram-Schmidt plots and IR spectra
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I nel XRG 3000 diffractonmeter equipped with a curved
position-sensitive detector. Data were collected in
WO e@b/0231pe over a theta-two theta range of 120P@Er/Us2004/028736
resolution of 0.03. The tube voltage and current were
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pr édent 1S ORIEION/DESORP RE \
208%4 023192 PCT/ US2004/ 028736 |.i nked to the ti
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Salpigent i fi ed vapor.

6.7 SOLUTION PROTON NMR MEASUREMENTS

NMR spectra not previously reported were collected at SSCI, Inc, 3065 Kent Avenue,
West Lafayette, Indiana. Solution phase "H NMR spectra were acquired at ambient
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6.5 SPECTROSCOPY MEASUREMENTS Raman spectra were
acquired on a Nicloet nodel 750 Fourier transform
woragva2318pect romet er utilizing an excitation WeWEUS2WG4/028736
of 1064 nm and approximately 0.5 Wof 10 Nd: YAG | aser
power. The spectra represent 128 to 256 co-added scans
temprefttite’ & Blukér ﬁﬁhéllAK/P%)%kH+ﬂ1&Er. TRE P RIVPR § ec‘ﬁ%ﬁ?regresents 128 co-
repared for analysis by placing the matertal 1n
addslampkients fvolletwed with apbgsiccipnisengd thhélaxdtiontdery time of 5 seconds. The
spect.ronet er he spectrongeter was wavel h ..
free tiguCtipn,decgy ﬂa@n‘@as PRy n&ﬁrﬁtﬁﬁiewhasﬁgﬁ% kerepfzign line
REniHS Bactob NG irfth vt hSABEH 116 Caitel '
bro mn%lleé §600 Fggir)i g rtr a%ga? (%?%MFER%%Sq@ﬁe@?ﬁ%ﬁ%&%ﬁﬂé}s%ocessed
utilieigg iGRAM Swoftivaee, gemsiar 5. 24 uS aapEHvisr dissebed ph idihethylasuifoxide-ds.
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S BE SPDRSE s fETigH Pt ey Gk e B Ferebesa GRS mpgaded claims.
R T N NS R PR Shinted

] ON A J
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piperidineds-dioset Eqnidibrinst sodahihtysxperimerth svere conducted on Forms A and B.
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sorption/desorption data were col |l ected on a VTI

SGA- 100 6/%01 SEXFERBEVEENEALSYStem For sorption
i sotherns, a sorption range of 5 to 95 % relative

humdity (R a g ption range of 95 to 5 %
RHin 10 % gll—il'%gre Sloti{&ﬁa{ used for analysis. The
S ams8luiBa eﬁ%’ér%rﬁéﬂt? WeR dfied Q3R 3 VARKS) vﬁ%gu%-'f%gs%mﬁon

criteria use or analysis were |less than

appaxeting) pquipredoweitit a YR heatds/circwlatoe.s Awi intninsicrdissohation apparatus

equilibration ti of .3 hours if th ight criterion,
Vg apar R s St e et GfloT nifie iy b B for
1 midRisHlsUh& WS &hs ihehy&aiR! B8ss, Sy o/ sariPidTlrElNe of 0.50 cm?.
BT BN N MEARENENTC KR Sscty & h6i S ous y oo o
A diswhisiongaedipn eopystingefP0anL S buffenpH BB6witkd % sodium lauryl
et t e, Lana. Solutio hase. | .
st e Y5 S BHRITHE TP B R et B VB8 Bt
throR@050.02 3492y 166°Til telS28R 4h @ AT 4iné R AP T, UTIR: Ppatatld wisSotated at 50
nodel AM spectroneter. The 'H NVR spectrumrepresents
rpm forgeagly expegigneat.t AliAvets vese Eligred snmadigielhusingl02eum pylogesyringe

e AN j ti
it S ELAUELRO I RGPRILUITE S SERIdA 4TS s %y povae
diffrattidn (XRPIN). Hz Lorentzi an |ine broadening factor to
i nprove the signal -to-noise ratio. The NVR spectrum
was processeg.8.h2uti |wlvs sof tware, version
5.24. Sanples were dissolved in dinethyl sulfoxide-d6.
ThEgsitibgemablblility ex perénents wenecondeacted tdex $0®ad., thredneck, round-

ref erence to the appended cl ai ns. o )
bottom flask immersed in a constant temperature oil bath maintained at 25 °C. A solid

sample of 400-450 mg was stirred in 50 mL of dissolution medium (HCI buffer, pH 1.8, with

1% sodium lauryl sulfate) using a mechanical stir rod. Aliquots were filtered using 0.2-um
nylon syringe filters and immediately diluted 1 mL. — 50 mL, then 5 mL — 25 mL with

dissolution medium in Class A glassware, a final dilution factor of 250.
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6.8 I NTRINSI C DI SSOLUTI ON AND SCLUBI LI TY STUDI ES

Intrinsic dissolution experinments were conducted on
wo-00502819anhydr ous), Form B (hem hydrate), anPCHU8200£028736

(di hydrate) of 3-(4-am no-I-oxo-1,3

di hydr o-i soi ndol - 2-yl I peridi ne-2, 6-di one.

Equi | i bri um §§I-1:|%| | | m&m&conduct ed on

Fornms A and Al iquots were, anal yzed b

ul Rlsgolugp@@n@ sty SFRRLES SHHIANS TS 9‘131%&‘?9 by HeBeckmagdU 640

s By AR SR Egl S BRI Oz o

228. ﬂl) asokere iuatizdd Thesdeodatdri voas xqedrwiten tevete filed awithi (ﬂldsolutlon
out in a VanKel VK6010-8 dissolution apparatus
med@igi pped with a VK650A heater/circulator. An intrinsic

di ssol ution apparatus__(Wods_ apparatus) was used.
Sarrpl es were® cﬁ‘r@reswﬁ&&%ns (1000 psi)
m n u5| t he ods a ar at us raulic
br SRPD ey Vire rr O e b SR A X B K2 porecer
diffr%étgﬁletai" H]lﬁ%f Cvad, RS "l‘-HeHH&m?ﬁen? Q%qm-ppéﬁ]wnlﬂlg Flﬁé foc@g'b( -ray

% sodi um lauryl 20 sulfate, was used
tubee Jthi tld)egmwenamd ampéragerweiavet wod) ld&égaé 40 mfbyesmcuw The

.f||trat th on filt di sk
divefggpid S enEs O edsgt St s eeiein st Btel o B4 mm.
leffaeféufr%la@ﬁmasew@dtw@ b Nabkéifti®dtfoniRERidr] 1Al @ERGWo theta
I medi ately usin pmnylon syringe filters. In

contsmn'les mg@? *fokia (8 ﬁdcd@@ﬂv etgpfk?bmc%S et 20eepusedd Assilicon
stangg WEE Sty ol BIIREY g i EB B 0 RpmPaipg pecked n

analh@fhﬁmﬁ%@»ﬂiéﬁk@tﬁsﬂ[boﬂlﬂ&& mL, three-neck, round- bottom
flask i mMmersed in a constant tenperature oil bath

mai nt ai ggh aRESULISA solid sanple of 400-450 ng was
stirred in 50 nLC of dissolution nedium (HCI buffer, pH

1. &hewésults oﬂﬂfeﬁeosdﬂuhnlﬂyeuuﬂyhtrmsulcfsaﬁce)s arssungmarized in Table 6. Both
chanical stir rod. Aliquots Itere usi
the solubility g gissgintion gmwgeélt% Veregrad %ﬁrdf fiﬁ’CI buffer, pH
1.8, gbxllthlﬁl 1% Idin 1§19ryﬁ§ul a‘t@ eﬁor§1 mwas “fodmi ﬂ&tbe"ﬂn%ﬁble in the medium,

issol Ution nediumin C ass | asswar e, fi nal
conwirtiing fodrorfnde t The seflutibtes G%rm&mﬁl‘ld)ﬁma estimated to be 6.2, 5.8,

and 10, FEROGATS o i iPIOly B QLT SgRs 1 By pgte estimated to

be 0332b ¥4 4hd0/2 P! R Spdeliv&i90  si ngl e- beam
spectrophotorre er. 1 000-cm quartz cuvette and an

anal ysi s wavglgngth qjy. \%3%p@&r#&%ﬂdﬁ@ﬁl@tﬂmﬁﬂ%ﬁq}eV-Enﬁ)ment
detector was zeroed W a cuvette f111Ted wtin
di suVuYisRarboNBe idisdblufio medfhnX(HR@keRoMEhen d?h]é( fcﬁﬁétte@ Rvas done

XRPD anal yses were carried out on a Shimdzu D- 6000
to idgniifyyanyonigdering peaks. A small peak at 225 nm was present as shown in Figure 47.

Solutions of 3-(4-amino-1-0xo0-1,3 dihydro-isoindol-2-yl)-piperidine-2,6-dione at
varying concentrations were analyzed by UV- Vis spectrophotometry. A preliminary scan of
a 1.0 mg/mL solution was done, with the instrument blanked with dissolution medium. The
solution was highly absorbing and noisy from 200 - 280 nm, making dilution necessary.

A 0.04 mg/mL solution of 3-(4-amino-1-ox0-1,3 dihydro-isoindol-2-yl)-piperidine-
2,6-dione was then scanned from 200 - 300 nm. The plot was still noisy between 200 and
230 nm as shown in Figure 48. The sample was further diluted to 0.008 mg/mL. A
wavelength scan of 200 - 350 nm for this sample showed a peak a 228.4 nm with no
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diffractoneter using Cu Ka radiation. The instrunent

is equipped with a fine focus X-ray tube. The tube
w@ows2Hml anperage were set at 40 kV and 40 nPCT/US2004/028736

respectively. The 10 divergence and scattering slits

were set at 1 and the recei Vi ng slit was set at 0.15

gt

intefnecr b SPALATIRA0N: Tl LFLEENB P A N chosen for
analgdsof tt sBlubmt}nalﬂd)dléscﬂmmdxﬂsaﬁﬁﬂat ep) from2.5 to 40 20

was ysed, A silicon standard s . anal yzed each day to
¢ h &KX PRI CARRIARRFHVaPRY epered Bitfnstawgaigs ok ﬂ'ﬁafell%wmgn

;
conBheBAHE: QAT B EIE: 0003 Ighhl 6805 AL 0040 nfl 20,015 my/mL. and
5  0.026tmglinds(NutebowltHi6BrI0Led lineaTytioeffiiedBof R” =t(12999 was obtained as
soJubility and dissolution experinments were conducted
showinFigwigi m of HCl buffer, pH 1.8, containing 1%
sodi um | auryl sul fate, Form A was found to be unstable
|n t he medi u®8-2-€onv o FormE. The solubilities

For est i mat e to be . 6.
Pl fomsieting B 4l S ELEr G TR Skl A SioThtigrumeqipm.
Pam%rérgi@e ﬁas Bt BhRgblkdes] u%&twa%ttﬁ&ntaw Pﬁ 38, &5,90 Oar1*1 50 min. The
and 0.23 ng/nL, respectively. V- Vi
10 consp@@tmuphdmdrﬁefi mg/mbfombb ﬁ)@vem mcmm TAe hlkghbsts:oamaubn reached

ws RS 2 93 B P RS g ST YL  momt
at 13008k &tin288ure s warﬁe %lﬁfs%‘&laﬁ&gsﬁ N fihd) timeOpift Webe and§zed by
Sol utions of 3-(4-am no-I-o0xo0-1

XRER aydifoynd sobeHenm E-ay |s910\rsm plsTﬁihg¢ ﬁeNp Bak ghibused tpdfopinng can be
seencuq ﬁfe &tét%ﬁ% 'tég ﬁé H\lg SrAc%?lﬁ : rengird] é-l}r(%/ ]H;/ atea atc' ? 7 r%g/TJ_O tl'll,ﬁﬁorl}tblhty of

15 Formﬁlmﬁybmldmtmrtﬁat Wi t h the instrument bl anked with
di ssol ution medium The solution was highly absorbing
ané s3e1s consisting 0H401.4 gup Form Ravasslpreied indigselution medium.
Pamgl%cs AR Yot o{?n&lfefffgr(lfauot‘s%{é t82n %t 7, 15, 30, 60, 90, 180, 420, and 650
min. dFdnymI Bodlmmendmiohzhmlemqmp mdndmmA,a@aamﬁg 83 cmg’mm 90 min. The

then.scanned fr plot was still_.
conceTRiPASHISE B8G -hd eSS 4 AL sk fgipondggu 2 i
20 remaliifg SO oitQRolitid BELo b 3 Thile d; SHRcTRiE ot pas gopd
stabifitypimakater. 228. 4 nmwith no -26 WO 2005/ 023192

Cé./r U82004/ %@,%8%? lfb:éﬂttéq%ﬁg g#v%g%ng{bq \é\ggjlé)ﬁnt:; ! sbsl<r)leve§ %f each
tlme%ﬁ{t)égé ghoqfn ihnebReIgURklol ty and di ssol ution sanmples. A
Si x-point calibration curve was generated wth

standards of the follow ng concentrations: 0.001
Tabhe;ﬁ/ r&ummamzfﬁigswts 0.005 ny/ i, 0.010 ng/nt, o 015

(il a¥ o r\n

Ty, V)74 l / " UU JUK .
F ]B'near it éi'dl?)'g?yf ic l oy Fé" L “%ﬁ}s C%Bt ai %ﬂi e Intrinsic
D c Solubi Pissalution utlon Rate
Fomm s g moml S 0.22° 0.29°
Form B 5.8 mg/mL 0.35 0.32 0.34
Form E 4.7 mg/mL 0.21 0.25 0.23

25

a. The Form A dissolution experiment #2 may have converted to Form E on the surface of the disk, skewing
the average rate lower.
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A sanpl e consisting of 449.4 ng Form A was slurried in
Particle size was not controll ed.

di ssol uti on nedi um

wa@\Rdogoz192 wer e taken at 7, 15, 30, 60, 90,

andPABU0S19041028736

The 10 concentration reached 6.0 ng/nL by the first
time point. The highest concentration reached was 6.2
TaH@?“Exp@ﬁnﬁQté’l‘Hbtaﬂ om that point the concentration
decreased, reachin 7 ng/m._at 150 n as in Figure
51. The solids reng| n| Eg)eatnelithe | ookl t | Ne point were
anal yzed by XRPD and found to be Femm F as shown in
Table 7. No peaks att PieiseiEoen A0 Form A can be seen in
the pattern. Since |t hereged¥ognBrati om di  not pl ateau
at 4.7 ng/ni, the solpdp,;,l\s&ybﬂgT 15 [gorm E may be | ower
than that. A sanpl & GQRsE 8ijidady O] 4%1 mg Form B was
slurried in dissolut O(grrﬁArBal Sol'u{m Partitc| e size was not
controlled. Aliquot Aﬁzs are t 7, 5, 30, 60, 90,
180, 420, and 650 “Fq*m dssglugony s A& e B ich more
slowy than Form A -—f—‘é@m‘ﬁﬁm@m rrg/'m n 90 nin. The
concentration stabi| Foa® Disolsin | 5By ng/ mL at the
final three tine paoibumEdysspiptiori gur & 52| The 20
remai ni ng sol i ds wer BorgiEdvissoliionbpe Form B as in Tabl e

7, suggesting Form B has good stability in water. A
sunmmary of the solubilities is given in Table 6. The

unt s dj Ived at each tinme point are shown in
Tab?‘ggl EQ"S éﬁ wility, ) ¢ 6: Sunmary of Results

For mBol upi TT thfpihitming D S OT UldyRQlinditioh (Aot AV Er age
Intrinsic #1IOi SSOLUTT O #2 SSot utTon ¢

ng/ m.0. 350 22a62 FormB5 8y to- 32034+ rm
E4. 7 ng/ 0216 23,3. 23—25—a—Tthe—FormA—etsseluti-gn
exper i mept—#2—ray—have—converted-to E840n E on the
surface pf the di®k skewing the avefdfle rate |aver.
WO 2005/ 023192 _PCH UUS2004/ 028736 _Tahl 644 Experi ngnt al
Det ai | s [Experi nent#i nal Forim Pressed F@3 m AA Presded

Form BB Form A Sol ubi lityE

5 Table 9: Form B Solubility

Time Point (imin) Concentration (mg/mL)

7 1.63

15 2.14

30 2.33

60 2.94

90 3.34

180 5.67

420 5.76

650 5.61

6.8.2.3 Intrinsic Dissolution

Approximately 200 mg each of Forms A and B were compressed into disks in the
Woods apparatus using 2 metric tons of pressure. The samples were subsequently scraped
10 out, ground gently, and analyzed by XRPD. The study showed that compression and
grinding does not cause a form change in either case. (See Table 7).

Two preliminary dissolution runs were performed. The disks fractured to some extent

in both experiments, compromising the requirement of constant surface area.
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Form B Sol ubilityB Form A Di ssol ution- Form A

Di ssol uti onA Form B Di ssol uti on- Form B Di ssol uti onB
wWo-0005108310% ssol uti onE Form E Di ssol uti on- Tabl eP@I/UuSm04928736

A Solubility Time Point (mn)Concentration (ng/mnL)

76.00 156.11 306.16 606.10 905.46 1504.73 5 Table 9:

Fo Mike Birstek pdtirherityof ThttBsiPaisélufion thaCaRegy fdlRfwedthd WSFichapter on
71.63 152. 14 302. 33 602. 94 903. 34 1805.67 4205. 76

intriggo disgplutgorgutplized jagproxitaatelyiSogeg eachaf Eapps dxande e Sgven aliquots,

. : and B were conpressed int.
beifile 305 R dn bofiBE PPod i Srerk UREF 1 PABET SRR pfiBony me
expIn@ss wisaltedT e ianPis REuteH SofileD SOl & Ritk Wt 6 B5aREPer ch¥ per minute
out, ground gently, and analyzed by XRPD. The study
for bomnlaes ¢ The Fouhpr @@sTimrniyies éﬂﬁﬂa@iﬁm@ld&oé@ saote conditiensand added

f ' i M=:Cas (see-Table. 7)., ..Two
to e ISP BEod o (SRR S TEPES BEE R bt ite v 08 me per
cm’ fpeeminutes; dighificaarl Iexdrehdn the disbsltitioreapesf Fa®AIsA and B. This is in
conprom sing_the requirenent of constant surface area.

line w3t eppecratinns basedoon thevelulibitindata 2 Eheerystal form of the remaining solids

did not change in any case.

The second experiment utilized approximately 250 mg each of Forms A and B. The
Form E experiment (135 mg) was done later and added to the graph for comparison. (See
Figure 54). Nine aliquots were taken, beginning at 5 min and ending at 150 min. The
dissolution rates were 0 22, 0.32, and 0.25 mg per cm? per minute, respectively, for Forms A,
B, and E. The dissolution rate for Form A in this experiment was low, while the rates for
Forms B and E were similar to those found in the first experiment. It is believed that in this
case, a thin layer of the Form A sample disk may have converted to Form E upon exposure to
water. This is supported by the evidence of rapid conversion of Form A to Form E in the
solubility experiment. The diffraction pattern of the undissolved solids does not indicate a
form change. However, the bulk of the sample disk is not exposed to water. Therefore, the
true intrinsic dissolution rate of Form A is believed to be close to 0.35 mg per cm? per
minute. An insufficient quantity of Form A was available to repeat the experiment.

A summary of the intrinsic dissolution rates is given in Table 6. The amounts

dissolved at each time point are summarized in Tables 10 and 11.

Table 10: Intrinsic Dissolution Experiment #1 Results

Time Point | FormA*® FormB? FormE*®
5 min 5.76 10.80° 2.70
10 min 7.73 6.85 4.13
20 min 11.31 10.25 6.96
30 min 15.59 14.35 9.60
45 min 21.98 20.57 12.57
60 min 27.11 25.70 15.16
90 min 34.17 34.34 20.82

a. Results are reported as Cumulative Amount Dissolved
per Unit Area (mg/cm2)

b. This date point not included in graph since the value is
higher than the next two data points.
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was determined that the sample contained a mixture of polymorph forms B and E.

6.10 DOSAGE FORM

Table 12 illustrates a batch formulation and single dosage formulation for a 25 mg

single dose unit of a polymorphic form of 3-(4-amino-1-oxo0-1,3 dihydro-isoindol-2-yl)-

piperidine-2,6-dione.
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per Unit Area (nmg/cnR) b. This date point not included

in graph since the value is higher than the next two
waladog/opadnt s. -29 WO 2005/ 023192 PCT/ US2004/ 0287B6S2004/028736

Table 11: Intrinsic Dissolution Experinment #2 Results

Ti me Point Form A" Form B 8Form E 8 5 m n4. 505. 043. 06 10

Tabl¥ 1P ﬁgﬁn&l%éioﬁl'or?&)zwc fle7311. 40 30

nll. 4612 /211,93 45 5 0117 3314. 72 60
MAdBiaB821. 9318. 52 90 m n%réggg 6426. Gdant uantlty
m n30. 3541. 3133. 56 150 n n3 4 5440 82 g R(=su i
are reported as Cunul at Di )p(=r ( tch)

b Ambru Fo oLk bmas fgf 09 urxlé:t:’fgmgeoﬁlm T30
k-1, 3Fbhydr I X-
T ol Sttt on sarpt$ o o e o

con wo smal peaks segn at approximtely
1¢ioe and 25.8 20 in addjtion to thdse representative

Order__t o[ deternine tje conposT t{om_of

of —Formm B

t Prsgelatipiged Comnyachy NEwi ng 3%-8f%s were de2mg med: 24-99ks
h T th juct i K

VORI R tifon 10 phar mic a??c;er” é?ma?ﬁ?“ Al ke
T ts; 2) dustef ddt

cgcgtﬁ mtgaindZnti%y i?saﬁ 32@%%8 asegfga I %Pﬂkg

the original Form B; 3) Harnonic anal ysi s of the
addj ti onal peaks to i dent [ fl%(ﬁl f anX preferred
or LOfPERECkHHNFRS co@ starels SHHRERS Br829) ond pelymesphic farpeot 3-(4-
I
amlrg# Yt% 8! 1u§‘n§{ﬁ El:rglrﬁ?éﬁn@ fg@ﬁ%}&%{)d?l?ne %6 %I?éqﬁ)md%)g\%vﬂtg% fi‘cgsed through
5 ascpenducta i jga8sgrkeen)tand thaﬂldnhdefd}anm’a/leﬁerﬂ/Iecer with a baffle insert

| ogr aphi c. rel atj onshi . Based on these tests,
and &’%ﬁ@?@a LA %qu’&&‘% {Ha‘f mag S&ﬁ%ﬁ%ﬁage léfPa%f*ﬁg thepygh @ gcreen (e, a
210 fin RANTRAPRIed it thevmfugh%h NIHER eﬁhet hedd fshﬁerﬁéuzaﬂ)s%lated in capsules

contai ned a m xture of pol ynorph forns
using a Dosator type capsule filling machine.

The entire scope of this invention is not limited by the specific examples described

10  herein, but is more readily understood with reference to the appended claims.
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20 6.10 DOSAGE FORM Table 12 illustrates a batch
formul ati on and single dosage fornulation for a 25 ny
wa@emwghzsigmse unit of a pol ynor phic form of PCT/US2004/028736

3-(4-am no-1| -oxo-1, 3 di hydro-isoi ndol -2-yl) -

pi peri di ne-2, 6-di one. WD 2005/ 023192 Tabl e 12:

Formul ation for a 25 ng ¢ PCT/ US2004/ 028736

Mat eri al Per cent ByQuanti t%y

Wei ght (ng/ t abl et) (kg/ bat ch) Pol ynor phi ¢ For m of
WhaBis(claid2d@925 nyl6. 80 kg am no-I|-oxo0-1, 3 di hydro-

i soi ndol -2-yl)-piperidine-2,6- dione Pregelatinized

Corn St arch NF59. 50/87 2 rrg24 99 kg Magnesi um

St ar at 5%. 3 0.21 k - 0%6 2. 00, .k
pr e sé'{‘l Ip¢ %ég“% lﬂg‘ﬁ i% 3?8"’% g%g’?) %lHE“dmg 2,6-dione
L -éf%??}r&f’?lne ey 17 dosres

20. are passed through 5 a screen (i.e., a 710 gm screen)
and then | oaded into a Diffusion Mxer with a baffle
insert and blended for about 15 m nutes. The
magn esi Mite stwallides3-(4apars Bdxo-1130dihdra-iscinédr-¢1)-péperidine-2,6-
m screen) and added to the Diffusion M xer. The
diong |ogﬁlg1msl %l@ﬁh&@ﬁ%ﬁf@%‘&?f&ﬂ%&ﬁ%ﬂm s atmwgmaately 8, 14.5, 16,
20.5098 56 h¥REecapsul e filling machine. The entire scope
0 c[))? %ﬁ]ﬂps fin‘%/}enle%gn is not limted by the specific
exanpl es described 10 herein, but is nore readily

under st L.t fh:

2005/ 023158 S5 B6AR68: 8t O RIS g PRepipGlaine-26
dionke®f clhim Qrtjiat tek laidifferSat{od seamning-datarioetdy Belting temperature maximum

di h dro i soi ndol - 2-yl) - pi peridi ne-2, 6-di one having an
Ofd%ﬂFé Opewder diffraction pattern conprising a peak at
apprOX|nater 17 5 degrees 5 20. 2. The crystalline

4-am no-1-o0

d| ydr o qrgealhasﬁ <i 6911510 dro¥ert. 3 dHydm-isoindpbAwopipetidingn2,6-dione
havide ol At ARl P G R bel ' o RN PR BAREBulcly 27 degrecs
20. 20. 3. The crystall|ne 3-(4-am no-1|-o0oxo0-1,3

di hydr o-i soi ndol - 2-yl ) - pi peri di ne- 2, 6-

5. The crystalline 3-(4-amino-1-oxo0-1,3 dihydro-isoindol-2-yl)-piperidine-2,6-
dione of claim 4, wherein the pattern further comprises peaks at approximately 16, 18 and 22

degrees 260.

6. The crystalline 3-(4-amino-1-o0xo-1,3 dihydro-isoindol-2-yl)-piperidine-2,6-
dione of claim 4 that has a differential scanning calorimetry melting temperature maximum
of about 268 °C.

7. Crystalline 3-(4-amino-1-o0xo0-1,3 dihydro-isoindol-2-yl)-piperidine-2,6-dione

having an X-ray powder diffraction pattern comprising a peak at approximately 25 degrees
260.
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10 dione of claim1l1 that has a differential scanning
calorinmetry nelting tenperature maxi rum of about 270
W@2004/02309yst al | i ne 3-(4-am no-1-o0xo0-1, 3 PCT/US2004/028736
di hydr o-i soi ndol - 2-yl ) - pi peri di ne-2, 6-di one having an
X-ray powder diffraction pattern conprising a peak at

ap%) r OXI TR nglygtaﬁme%e%r- Sifiino- 12-97{0-1“'3 (ﬁhyd-ll:g-?so%&/o%h@gllb-ipﬂn%ridinea 6-

4- am no-
dion€lbhlgin©7 | witdreiéahe Batidn futhRe tolpiiees A, feak ei Appeoximatelpl 515 degrees
4, wherein t he pattern further conprises peaks at
20. approximately 16, 18 and 22 degrees 20. 6. The
crystalline 3-(4-am no-I|-oxo-1,3
di hydro-i soi ndol - 2-yl') - pi peri di ne-2, 6- dione of claim
4 9.hat Hb@cwst@llﬁie&@nam@p IsexmbBrijhydap dsqindsd 27y breineridine-2.6-

diong or?@ lghf ﬁlba% Iha%'s)( 8 tlapscanm%g caltorlme%y melng ngpera%ure Maximum

of afduiyelr @i soi ndol - 2 yI ) - pi peridi ne-2,6-di one having an
X-ray powder diffraction pattern conprising a peak at
approxi mately 25 degrees 20. WO 2005/023192
PC-(F(Z USZ@%&?I@&? §@4 §mn-1|ajf oxb)$3 @hlifdeisoindol-2-yl)-piperidine-2,6-dione

am no-1| -oxo-1
havigg sy Hrray pswdwdrbffr@tlpnpamrp@pmpnmg 2 m@ak di appoumatslmphrdegrees
20 7, wherein the pattern further conprises a peak at
*approximately 15.5 degrees 20. 9. The crystalline
3-(4-am no-|-oxo-1,3

di h dro soi ndal - 2- - pi peridine
cl b 77h6 Goelline -4Belibrc At ip ey haipegidine 2.6
dlonérgiD Elhﬂlg l(t) e\mﬁ’&éﬁtt}ﬂé ﬁatf@?f Y cthpadedtpedB 8t fpprds@mately 27 degrees
Crystal i ne 3-(4-am no-I-oxo-1 %

20. di hydr o-i soi ndol - 2-yl ) - plperldlne 2, 6-di one having an
X-ray powder diffraction pattern conprising a peak at
approxi mately 28 degrees 20. 10 11. The crystalline
3- {2 anTThectysllnel3-@l-amino-1-oxo-1,3 dihydro-isoindol-2-yl)- piperidine -2,6-

dro dol r|d| of cl
aiong gt Ygjra e Bica iiebesk i pting G isry sbuRRE sdipeFarfe Fraximum
of abktRppRxecat el y 27 degrees 20. 12. The crystalline
3-(4-amno-I-oxo0-1,3
di hydr o-i soi ndol - 2-yl ) - pi peri di ne-2,6- dione of claim

1074 hat Cha%alBndB i} SRARY-1 RhoSCR BNy B- BaABL IR Yiperidine 2,6-di
mel ting ?g%%e?atére maxi mum 15 gf about zﬂg)dxpanlne fone

haviay g5 Katal ipowdgr Qlﬁfrmn@attem)cgmpr@mg a peak at approximately 20 degrees
20 di hydr o-i soi ndol - 2-yl ) - pi peri di ne-2, 6-di one having an

* X-ray powder diffraction pattern corrpri sing a peak at
appr oxi mat eI y 20 degrees 20. 14. The crystalline

ﬁ1ydr ml“ﬁg STYH Fne%f iﬁ 51m&op]epmﬂ1ﬁed1§y<go -isoindol-2-yl)-piperidine-2,6-

dione of claim 13, wherein the pattern further comprises peaks at approximately 24.5 and 29

degrees 26.
15. The crystalline 3-(4-amino-1-0x0-1,3 dihydro-isoindol-2-yl)-piperidine-2,6-

dione of claim 13 that has a differential scanning calorimetry melting temperature maximum
of about 269 °C.
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20 dione of claim 13, wherein the pattern further

conpri ses peaks at approximately 24.5 and 29 degrees
WQ@R005023192The crystalline 3-(4-am no-I1-o0xo0-1, 3 PCT/US2004/028736

di hydr o-i soi ndol - 2-yl ) - pi peri di ne-2,6- dione of claim

13 that has a differential scanning calorinetry

mel ting.te r r X{ .
20851 03B el kP o bR oAy Weridine 2.6 dione
havink 43X 28 péwder@frattion pattern comprising a peak at approximately 19 degrees
I hydr o-1soi ndol - 2-yl ) - pi peri di ne-2, 6-di one having an
20. X-ray powder diffraction pattern conprising a peak at
approxi mately 19 degr ees 20. 17. The crystalline
3-(4-am no-I-oxo0-1,

di Hydr cThesoistalbine 3- (ytra)rmpppie@xqﬂ Adlitpydso-iwinglobReylypiperidine-2,6-
dion€pf eyt Bt st GRSt oo B AP Rl SERRAF 5.5 and 25

dqggﬁmgtalllne 3-(4-am no-1-oxo0-1, 3
di hydr o-i soi ndol - 2-yl ) - pi peri d| ne-2,6- dione of claim
16 that has a differential scanning calorinetry
nej§ i NOThEMRShRTnE B4 N InEUTbx 21, 3@@}&0%&1 214)-pberidine-2,6-
Crystal line”3-(4-am no-1-oxo-1,3
dionel oﬁqﬂdltrro 16 that habad diffeydnyialscpaning paienmeay dnedtiee terweratge apaximum

er diffraction pattern conprising a peak at
Ofahé’Bb%/&QSmtel y 23 degrees 20. 20. The crystalline

3-(4-amno-I-oxo0-1,3

di hydro-i soindo] - 2-yl ) - pi per.i of c
oLy O Bhitel 2l LRSI SR Ko oS o Gl 6 dione
havﬂér’r?lxﬁ XDIQ E)SWH@F &lfﬁ’%[cﬁoﬁ@étté?ﬂ%bn%ﬁsﬁfg adReak bt &fpfoimaizly 23 degrees
ysta ine 3- am no- | - oxo-
20. di hydr o- |30|ndol 2-yl)-piperidine-2,6-dione having an
X-ray powder diffraction pattern conprising a peak at

approxi mately 15 degrees 20. 22. The crystalline
3- 0@- anTTheciystaline B-Gt-amino-1-oxo-1,3 dihydro-isoindol-2-yl)- p1per1d1ne-2 6-

son RHRS 1o A PISk P LB et A0 e posimam

of abRk bsNect enperat ure maxi rum of about 269 C. 23 The
crystalline 3-(4-am no-I|-oxo-1,3
di hydr o-i soi ndol - 2-yl ) - pi peri di ne-2, 6- dione of claim
1, 26, 7Cr§s@amﬂ§3 (48mil& 10213 dﬂ@ﬂfmlsbﬁdﬁub-ﬂ)afnpaﬁhhetz 6-dione

pure 24.” A m xture of the crystall|ne

havifig ¢ Xaray powidendiffract®niatigmircomipsisingdareak ayapproxigately 15 degrees
pi peridine-2,6-dione of claim4, 5 or 6 and the

28. oy ystal line of claim 13, 14 or 15. WO 2005/023192

PCT/ US2004/ 028736 25. A conposition conpri sing

2 98 hgffﬁe FWE?#@@%‘ eI A e %?@Prlﬁ%&éﬁgﬁyb -piperidine-2,6-
dions of 2raffi21 Pndt nAX @ dikfedertial y&hﬁm@ 2alobigRryZnting temperature maximum

of about 269 °C.

23.  The crystalline 3-(4-amino-1-0x0-1,3 dihydro-isoindol-2-yl)-piperidine-2,6-
dione of claim 1, 4, 7, 10, 13, 16, 19 or 21, which is substantially pure.

24. A mixture of the crystalline 3-(4-amino-1-oxo0-1,3 dihydro-isoindol-2-yl)-
piperidine-2,6-dione of claim 4, 5 or 6 and the crystalline of claim 13, 14 or 15.
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pi peridine-2,6-dione of claim1, 4, 7, 10, 13, 16, 19
or 21. 26. The conposition of claim25, which
w@eoupioeHes greater than about 50 wei ght 5 perB@NUS2004/028736
crystalline 3-(4-am no-I|-oxo-1,3
di hydr o-i soi ndol - 2-yl ) - pi peri di ne-2, 6-di one. 27. A
phakmac aut j-Galsi st SR BRGsSI- S{-8kd-1 Mdihydro-isoindol-
B ?; am%n%c{rﬂ?@ggg)_%;@%ﬁirfsir%rh EdsS3-0QarhinbSt r ydro-isoindot
2-ylipipgddine2godiode hnd exysialliefSe(4-ainine- Roko-dj3adibydrd-isdindahk 2-yl)-
1,4, 7,.10, .13, 16, 19 or d pharmaceutical ly
PlPeé‘éH’ép?t’éS}Oé‘eé’ﬁﬁﬁﬁpénf‘z 712‘@ 13\‘%‘5 g‘EQP ﬁ]aceut i cal
conmposition of claim27, wherein the conposition is a

10 single unit dgsage form ) ) .
26.  The composition of claim 25, which comprises greater than about 50 weight

percent crystalline 3-(4-amino-1-oxo-1,3 dihydro-isoindol-2-yl)-piperidine-2,6-dione.
27. A pharmaceutical composition comprising crystalline 3-(4-amino-1-oxo-1,3
dihydro-isoindol-2-yl)-piperidine-2,6-dione of claim 1, 4, 7, 10, 13, 16, 19 or 21 and a

pharmaceutically acceptable excipient.

28.  The pharmaceutical composition of claim 27, wherein the composition is a

single unit dosage form.
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