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trerererrererer i1 PT 2 ~2 WO
2005/ 023192 £/US 00 /0.8736 *166166* POLYMORPHI C

e s o dindilieeo,
WO JOSMDTL2 2- YL) - Pl PER E This ap@’Cﬂ‘dﬁS@@%tﬂZSﬂG

clainms the benefit of U Sesigrovisional application
60/ 499, 723, filed Septenber 4, 2003, the contents of
m Icrhegpem CAFORNIS OFCI-LNARIING AL O X8 DIHYDRO-
relates to polS'@m‘IDh)IcrszﬁEIRERH)M-aJﬁ-DwNono 1,3
di hydro- i soi ndol -2-yl)-pi peridi ne-2, 6-di one,
conposi tions conprising the pol ynorphic fornms,
et Tigslapplicatik crgnd He beadfitrss LS. profisiona appl@bamaﬁ 80499,993, filed
their use for the treatnent of di seases and
Septapler ¢ 03, ithecominiyol Wich AGtingarparated by scfereneq barermtthsiyentirety.
di seases, autoi nmune 10 di seases, and cancer. 2.
1. BAGRIBRAWF OHI ENVENENGNON [ 1 111 Vil vl 111
(11 1 11 *000002* Many conpounds can exist in
di ffigg ﬁﬁ/bnﬁéﬂ/&‘laﬂks foQ¥oEmorBhic Fe Y I 3PASamnB1 1C6k £ X B idiyldro-
di f.ferent physical, ‘chem cal, and spectroscopic
isoipfeley)ipéperidi 2éx(aﬁ1pﬁ @omp@mm@swog)@nym ﬂpﬂwlyr@@rphw forms,

me Gy En Rl P e ety or B P e Bt of

O 1 NG5 B
1l

dw%weanﬁﬁmmeﬁrtaln solid fornms nmay be nore bioa
than others, while others may be nore st abI e \Lm”ﬂ m mm
2. cerBACK@RmUNDtOFITI@INWMDE)N nd biolo
conditions. This is particularly |nportant fron1a *G00002*
I eOMhR S8p SR8 SRR et iniff&entHr 488 fahB, oPRUNAYPHs, Bvhich exhibit
agencies such as the U S. Food and Drug Adm ni Stration
dlff@?ﬂnyphbﬁlcﬁh ehemical, apd SpSCHOEGORY PFAPIItSS. example, certain polymorphs
Ll
ofa &%{p%\%ﬁ? Hagraoo nxxg&estgfd?% ﬂ.ﬁ)ie l#‘xrbgﬁg:glar %ﬂﬁgﬁ? \?\#Jyat;oq{' thore readily, or
mag x&mlkrbsmsmdaanm t}&ﬁl dultmd; | Se)e, apnd PpD;Mamﬁe chrenj & ahermal Anal.,
Md udi n spectros Qpi ¢) prope[iél es, typl cal é} does
48: 45%99 - Ha ‘h"e‘é‘?ﬁ gfp‘gé,\pgrta@fso sr%q S ig@vailable than
Oth‘{’;lljrs?e novvnerlgn tE he pﬁ%{%%ggé#gg arts ttgé%??% %éb?nd biological
condBioax afipk é5 partieulsdy iroportany frost auegilatoyy stﬁlhdpaain,l duhde)d,rugs are

apoieff bigeenicssPl s HRTR SCFoecand e At s they e

EHES RAd tharace€8zat®nStand Hﬁaﬁ?{%ﬁé 1 of
eanl scod\l/_gjrll es, azr%o 4 S.n Taﬁe?refore t he r(}l’éﬂs)covelyE %ec\)/lvle

polymbqph@f plq:gmpbulad dvlugh exinbity qwtamesol;ubuay aed yh)(sfco -chemical (including
spectroscoplc%gpropertles typically does not imply the ready approval of other polymorphs of

that same compound.

Polymorphic forms of a compound are known in the pharmaceutical 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-oxo0-1,3 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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U S. Patent Nos. 5,635,517 and 6, 281, 230, both to
Mul l er et al., disclose 3-(4-am no- 30 1-o0xo0-1,3
di hydr o-i soi ndol - 2-yl ) - pi peri di ne-2, 6-di one,_which is
Wol}%%ﬁi‘”?n treating and preventing a wide raifgeUti0+/028736
di seases and conditions including, but not limted to,
WO 2005/ 023192 PCT/ US2004/ 028736 inflammatory
inflanfh 869 FRSaseRUuedimimuTe difeasmsasl, caacd. mwlymmﬁlc forms of 3-(4-
pol yimor phic forns_of 3-(4-..amno- J -oxo0z 1. 3
amminol hyah 3. disirorarsnndel 2ry1-pipgE g diong St firbepg development of
urther .t he deyel s | atd §13% vie®d ntidd&rous
fmmuﬁ%“é?ai ﬁmeﬂ&a%{%rgsog%gg%{&@q lpﬁ%sgés)s Ses, a?u%ll may yi el d
formuTMiGR! Absufadi@infdral thefpeutiriehefitsur i ng and t her apeuti c
benefits. 5 3. SUMVARY OF THE | NVENTI ON Thi s invention

e -(4-am no-1|-oxo0-1, 3
3. dmm%ﬂfp@rﬁﬁe&i di ne-2, 6-dione. In
certain aspects, the inventio i des, poel-y roi: Qf 31
e el o oD O PLEM BB ORIyl
yl)—piEier)i( Tne-26-AAL. i cIASinia8YRR! {HeMndntion povidespabsesphs of the

ures of these forns. In further enbhodi nents,. th]'és
compbitidentifiedpemin deforms At o8 Fof. Gufdid; Thefrvspfiog2lsad

characteri zi th ol v . 1S AV i ;
encoppw RISV TRCE LTl PIGg DU B IR Ep it rovides
methgcg?ﬁ%gaﬁxf#gfsgﬁgﬁ% an gﬁa@cmm@tmrmtmrpns.

- - - 1- 0OX0- 1, . .. . .

diThydinwentionialssqirovides phasmaegutigalremposigons #idsing}f unit dosage

i nvention furthe i neL ho . he:ti.eat idine-
rormb SR A4 S R PR3 ARl T prcin
2,6-dHeC ThE BRBAGSEfuRdBE plovides dthods far thatreanment or preedtion ofa

such 15 treatment or preventjon _a,therapeuticall

variesf dfalitensce andrdisondesst WhIGHIORRSISH ﬁd]@fmsggrqu oR ;ﬁl&;pt_ii\{x need of such

0x0-1, 3 di - 1.S0l - - b A hONEQ}-amino-1-
oy o SR A SR po oo v
oxo-0B dili@rd-Ruiedbl-Dyl)egipetdineddetionsod with reference to.

the attached figures: 20 FIGURE 1 provides a
4. kgﬁi@m)ﬁdﬁbpmbmm@su on (XRPD) pattern
O ]

provides a representative IR

spgct rum ' SR ddeRYdod8FitiRreference to the attached
re e&ﬁeéna}sg%ﬁtg\je tgglr%gr?ng%ect rum of Form A; FI GURE 4

figu§:0vi des a representative thernogravinmetric analysis

(TGA) curve and a 25 representative differentd

SCEIRE 1aap o tearespnanye it oyt fic T (RPD) pattem of

FomngJRE 5 provides a representative noisture
orption/desorption isothermof Form A, FlIGJRE 6

pr BIGURE 2gproeipess mpratntatvediPipesatma! Foun Aror m B;

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;



FIGURE 7 provides a representative IR spectrum of Form

B, 30 FIGQURE 8 provides a representative Raman

spectrumof FermB; -2 WD 2005/023192 -
WORWS22190-t / 028736 FI GURE 9 provi des a repr Sding300-4038736

TGA curve and a representative DSC thernogram of Form

B; FIGURE 10 provides representative TGIR results of

FoEmiRRE FQOR d4 r k¥l se BGAGRERSAAtprésenmive DB
solrilgl o'n;@I esorﬁgtigdr? i sothermof Form 5 B; FIGURE 12

thermogramad FoamrBpr esent at i ver XRPD pattern of Form C,
FI GURE 13 provides a repte tive | egt rum of
FoFIFERE 1§ R@JRE‘CSEEP’&P?{@?‘&V&:@&?’;‘&SP@% Sﬁ’fg’f}? \ﬁ/é Raman
SPEFATRE 197 prbRHE Sreprdsbitelife hbisRirOMrptasy/desorption isotherm of Form

* representative TGA curve and a representative DSC 10
B; thernogram of Form C, FI GURE 16 provides

representative TG IR resul.ts Form C RE 17
pr BT HRE @Hr@bltd%%%mpéeis%téé‘ ?(E‘P Hrpéﬁg%lrdgtlz:c:’on desor pti on

| SR{HERE 13 pr5 QIR a feprdskitalre (R8s RE@YH &€ Forn C;
regir esegllg’t?rge{dXR%’%prrJattern of 1:‘I%orm D, 15 FIGURE 19

pr BIGURE I propides e repatsentativéR aparc sneotivms of Fermh,

FI GURE 20 provj des a representative
Fof FFBRE E’%ﬁ@eﬁirﬁf‘?ﬁ?\?\q@&‘a fxé ecp?rnées%%%ggr? P%ge i&;{&}é%ﬁ/e
thengggraﬁlé Es@ntative DSC thernogramof Form D; FI GURE
provi des a representative noisture

soFHGURE/ Weprovies mprassuaties FEdR rortsof YormoC; FI GURE 23
| tative XRPD. E -
Pl SleERE Prorgbidae s Rteoat Put SRR othlolesb S Bpterm of Form

c. representative DSC thernmogramof FormE Fl GURE 25

provi des a representative noisture sorption/desorption
i sFIGURE 1S prowides a 2epresentativg RRPE5pasem offogsmD;

AR B AR R D S
F; FiGGERR@Brovidey adgresentatipe Bamab spactremXRPonpadit er n of
o rFrInG(C.?RE 21 provides a representative TGA curve and a representative DSC
thermogram of Form D;

FIGURE 22 provides aTrepresentative 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

thermoéram of Form E;

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

FIGURE 26 provides a representative XRPD pattern 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;
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FI GURE 29 provides a representative DSC thernogram for
a sanple of Form G 30 FIGURE 30 provides a

representative XRPD pattern of FormH FIGU
WO&P@W&*@% a representative TGA curve and a Fetioszou0s7ss

representative DSC. thernogram of FormH, FlI GURE 32
provides a representative XRPD pattern of FormB; -3
VGRS 36 233 Ades RGTpies200veOfRPB maten GORE™ 8 pr ovi des a

SHRIRE SRR Bl TR T
E%l%ﬁ];%ﬁlp&ﬁﬁésdﬁ%p@s&ﬁmmbtﬁaﬁ&nWE’M&1:t ern of

36 provides a representative XRPD _
PRIGERE 36fprodtissrorepreseritativer SRPDpapterg gRPOLY OB TS,

representative TGA curve. o rm B; E 38 provides
a&@%@é&ﬁmﬂe\%é TWSCBEH‘\YS%&F‘Q ﬁ‘él}vﬁogﬁ)%ﬁ&)RE 29 v

gprr)ﬁﬁéseac‘xs:gl;éiéﬁt){ﬁyeT@ACdﬁﬁ'%eonfonﬁcﬂ ‘m B; FlI GURE

b !
4%%?%@?& S a representative TGA curve of Form E;

FFERREAD moodedespeesempties BAdawuirveof fioamdtir ve of

pol ynmorph m xture; 10 Fl 421—%8?’1}0%1%35"3

r EHFEREORIPYICTREEPIRER AD YT TTFoPm B, FI GURE 43
g%gﬁjﬂa%&sﬂw KM ALAMBVOBCA At BoRymerbh haixktrd;

rovi des a representative DS. C therpogram of
FEIGURE 42 prGuiREs 4 Eeppesentaties DECr tbpimogsse af Foa BsC

th f FormE Fl GJ i .
- BB PRy KeDBRRHER NN BYCor R BL o By e,
ﬁe%éléggé‘% @Ege@x kRS chtatVe WSE temiogedm of Bewh Bt i on

48 provides a W-Vis scan_of 0.04 ng/m
OfFIGURE &Srprovides axeprdsestagive jaHCothermogram of Form E;

i soi_ ndal - 2-yl) - pi peridi pe- 2, 64dj ' i RT0) 2 SR

SHOURE 8 el S RGP O T g

gﬁﬁ ' .4'3pfo%acﬁslmagwjl\ﬁgé@:ﬂoﬁlés.solutign énedi.um; .

i hydro-i soi ndol - 2-yl ) - Pi perj di ne- 2, 6-di gne .i n -

JiSAIRE #8 pravidts eV o mf&sﬁ@-%mgfﬁ%‘\ﬂfg'e@'aé‘m°‘1'°x°'1’3 dihydro-
.. l.j bration.c .far_ 3-(4-.am 1-0x0-1, 3
1501“&&%3‘5‘@-‘%@?‘}?3%?\’,%‘ Ejgy‘? ;afsé‘?lb’g?% g?ﬁ‘;d“g 6- di one; FI GURE

5 IFIBIURE 49 ProvideslalbViVis yca wfile0GS mponl rof Ac(4-amiGuRp®21,3

provides a sol ubi| i t%s_grcé)\égpg{%glﬁ{l%}%&%l}ﬁﬁgwif gsand E

ANGGURE S B s BB uAR b 8- Hbsealtihgdroaboindol-
2-yD)-piperidine-2,6-dione;
FIGURE 51 provides a solubility curve of Form A;
FIGURE 52 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.

1Y ¢

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

“prevention” refer to the inhibition of 2 symptom of a disease or disorder or the disease itself.
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5. DETAI LED DESCRI PTION OF THE I NVENTION 5.1
DEFI NI TI ONS As‘ used herein and unl ess o(/hervm se
indicated, the terns "treat," "treating™ and

WO 20088230t " refer to the alleviation of a di 8€§8i82094/028736
di sorder and/or at |east one of its attendant 30
synptons. As used herein and unl ess otherw se
| i 3ad Békeir £ drgseBthepriey idicated! the earamnst “polyoapld’ and

“prevention” refer to the inhibition of synpt om of. _a
“polyaiospiie foray” reffes iy ¢0did caystallie @F‘g%‘afs"ecqf‘?%‘é‘l“g orco Fﬂ h‘fferﬁm
192 PCT/ U r
polyripi T s pans i A PRI ECR e BER G LG uer

spectroR@dpidTpYopétties.f Diffdredtphesicdl propettied utdh;dbt hhﬂ ire eoff lummm tofstability
a conpound or conplex. Different poly phs of

(e.8-, st eolighokieampsgssibility pnd depsity @mﬁﬁfﬂﬁﬁv §?1@a413ﬂ p& uct

_manugarcg/ e 0 aélg%c ﬁl§1§g E')atg &h?ﬁlec{ah t. e{vtag{ﬂﬁm p@fﬁfr@ﬁées in

are no t abi
stabillt® c8h restl® flogP¢haaked m@héﬁucammnwag $e 91, Hiffeyeraial oxhdaltsort, yuch that

ortant in formulation and pr nuf %CL{)UH r?
a dosaa&dn dissplors mare mpidly wihen %CﬁnR?%iﬁ‘? ?I&:RO ymorp
comp]nP% Cawgﬁr%' goltyn O'é%lgl Eﬁcﬁﬂﬁ&? cﬁaﬂacteﬂs?@é gé. 3.Y bR &fsbieton

reactivit
storagia dsf argsidadY favketpdlpmorphuwohivertaad theanddmmgaca‘llgvrmre stable

e e e PR s
humidiy) " & At @E&E?&)@%&f&k Pfg/c(lfm&ghs Lableelcs bRsiRE For

Storage I ca red pol ynmorpH converts

IE: bh@;bdmdmﬁﬁmx@t by moes kkedy wiform spiwhtgsror might be o ifficult to
., tablets of one polynprph are tihble
flter g WhilLER G, HRRELOSF HD ROMFIE)). SOTEFBG e TGS PESre
d1stn8_ﬂt9(9\e<;ft>? £3589 of3p! ymor phs can affect their processi ng.
-or arrp(i one pol ynorph might be nore |ikel

F otymoiphaoes et obrined ot of metio ey iy the art.
an ot h

) Such %ﬁ(ﬂ% bgﬂgrﬁ QOH" tFéE a?:csr}/ E zfl{%nt %c}t cSEhng, solvent
- recry Q@flfzht%r?%eﬁflvdtfon ﬁ@idéﬁéb&ﬁﬁo@ﬁapﬁd &Eﬂlm@uilew&iﬂ’ﬂhbg vapor diffusion

obt ained by a number of net hods known in the art.
and sShiatinst Htcdsmpmbls gaebe teiectesh adensficd. clsbied apd hasiqerized using

well ﬁug éget:%ln:ql}lésg{ : 8, Eﬁg ﬁf??éd' t thfér@hgaqr%anmngacalonmetry (DSC),

SO vatl on, rapi evapor

them!i A AimERP (TG, xlr@y\pmrudi@r,acmmwy (XRPDi.ssimgle caystil X-ray
i mation. Pol ynorphs can be det ected, identified,
dlffraﬂtcas@m .véxyatmml BIPAHERORY i SPIHOR SR IARMOBY ROTif Slatf e lear magnetic

tech f
resorai IR AR Py sp sty Rl Sk Ghecl 1 SRR
micrdscbpy, seantiar cledtfdn ki @aBpy @E@l@ﬂ@&trormryghﬂaograpt&t ald quantitative
X-ray diffractonet rxj §VI brati ona{ spectr.osc

analysis, Ditigle sizgl amplyrstPHA) surface aagaanalysiscy %hﬂ%@l?fé”fai@f dissolution.
As used herein to refer to the spectra or data presented in graphical form (e.g., XRPD,

IR, Raman and NMR spectra), and unless otherwise indicated, the term “peak” refers to a

_ peak or other special feature that one skilled in the art would recognize as not attributable to

background noise. The term “significant peaks” refers to peaks at least the median size (e.g.,
height) of other peaks in the spectrum or data, or at least 1.5, 2, or 2.5 times the median size
of other peaks in the spectrum or data.

As used herein 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
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resonance (NWVR), infrared (IR) spectroscopy, Ramém

spectroscopy, hot stage optical microscopy, scanning

e m croscopy (SEM, electron crystall f
woaiggs%%l%t itative 25 analysis, particle size %ﬁ%ys@m%

(PSA), surface area analysis, solubility, and rate of

di.ssaolution. As used herein to refer to the spectra

compyiscy fan PRy B0 A 1 subptansilly fee phothey Rolymorphipbihe compound. A
o SRR ARISRRSL bbbt R5° AP Shoug sog et o

one pilgmbphid feah 0f ehet doaipound andklekd Bidn iaboiitPO%ly weight 6 other
recognj ze as not attributable to background noi se. _
polymeephicshorns of thgicpmpannd. aem preferablyraseater thamabounPOPdasreight of

' i ( i f r. peaks |
one ol EnGRRe Prmot b fpdovnd oy Rrgalg ofou108% RERAEol i gyer
polyirdephitefdian of theeompbuid, heen pREKSrefeRabi 8reaRe fHah WBb&95% by weight
data. As used herein and unl ess otherw se indicated,
of ongrpolyregrphicSoma pheicamppupd ard leggiban abeit §% by Weighy ofishe ather

polvRRENTRYPI: Bl RN 00 B s e b by weighe
of onepuyrhrphictfbmts gfahy sempburAngdiless Skeesdbaot 3 B ibly ywdigigef e other

ot her pol ynprphs of the conpound. A representative
polyEgpi & pf the sompopad-y or ph conpri ses greater than

about 80% by wei ght of _one pol ynorphic formof the

coﬁ%ourﬂ_ﬁaﬁi@ﬁmmjo t 20% by wei ght of ot her

pol.ynor phi.c fornms Qf the conpound, nore preferabl )

gr Jg%'ts é‘i"PeP‘r‘l%lsé{ﬁ"Gﬁieg é@%’}é’?‘%&q‘g rmgof 3-(@ragnipgyil Sﬂi‘é’r‘ryﬁl figydro-
isoind8L N Bp; RIBC y wei ght
o fgfg t ﬁg Pél%éﬁg p’olcﬁ);%%r’ Sﬁﬁ%ﬂ tfa%?h&ﬁ%?t@ﬁ%rﬂn%%\ﬁd’ even

nore preferably greater th@n about 95% by wei ght - of

one pol ynor phic formn =N & nd and | ess than

about 5% by wei ght <® pekpor phic forns of

t he conmpound, and no pref er a greater than about

97% by wei ght of onelpol ynor
compound and | ess thaNHabout

icYyornms of the
% by wei ght of the ot her
10 pol ynorphic forns of the conmpound. 5.2 POLYMORPHI C
FORMS cdinpsuridoaa iieippeparad sticomlirgad thomptlodsrddsphiber] #aF.8BPatent
o) -(4-am_ng-l -gxo0-1, 3 di hydro- L ' -
NOS-iﬁfs%ﬁqr%’é&a!‘gq-%ﬁ%fﬁd?p € P’EPé‘-eszgfgW%‘F‘a At inGarpeated hereim by reference.
For &afpfe! tHe@ofIpOURY £41 d MrughNeabdriz |Sof 3-(4-nitro-1-
o congound 82% be pre%g?rg gccoraglhnél%t er%?%?ééom (4-nitro-1
oxo-fi8gitryidixe oindol2-F1)- piperdine-2odions, 284-NiGQ 1aixd-1,3 dihydro-isoindol-

2—y1)?@$%}%#15é% 6'r (ngercglﬁ :vgro%tt:zliirelgd l%r al ovdiﬁg 2,%r-cﬁoylcorll.>(1:p%rri ?nr- -tare}gnonium

chloride to react with methyl 2-bromomethyl-4-nitrobenzoate in dimethylformamide in the

presence of triethylamine. The methy! 2-bromomethyl-4-nitrobenzoate in turn is obtained
from the corresponding methyl ester of nitro-ortho-toluic acid by conventional bromination
with N-bromosuccinimide under the influence of light.

Polymorphs of 3-(4-amino-1-o0x0-1,3 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-anﬁﬂo-l-oxo-l,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 exanpl e, the conmpound can be prepared through
catal ytic hydrogenation of 3-(4-nitro-|l{ oxo-1,3
di hydr o-i soi ndol - 2-yl ) - pi peri di ne- 2, 6- di one.
W@ 2Q030N19% 0- | - oxo- 1, 3 di hydro-i soi ndol - PCT/US2004/028736
2-yl)-piperidine-2,6-dione can be obtained by allow ng
2, 6- di oxopi peri di n- 3-anmmoni um 20 chloride to react
(foﬂ/?ait Ihofr@laPUﬂan@n)Wr%rﬁWI Rylerdd With 2RRSNERSLE cbﬁlam inholes (hot
dinmethylTormam de in the presence of triethyl ar%%
slowheapesatiop). Eolymorpbseamyglse be nbirined forpdumics.nPolymorpls can be

B e N A
at aWeleRarbl REARRBUE Qé( g' , B0YE) Hé}ijﬁ‘é thé}@d hﬁlﬁh?%ﬁal%éd' 180l to room

Pol ynor phs of 3 m no-| - oxo- 1
temgpératge. dInceait neboh teZapeirjturs, }jersmmph;ethﬁ did dmtamystadhne catthelroved to a

Gl G Bl PR SR IR S i Bt S5 Sissotving e
solidif a STV at a[rﬁﬁbx‘éaé%ﬁet&%f)&‘éhﬁ@f e.5] PISVEPRIBHESD csggig% a dry

cool ing and sl ow cool i hg. Pol yhorphs can be na

-lce/mlmb&lhng a wei ghed quantity of 3-(4-am no-1I- oxo-1,3

v P iR o6 i Korbigh B b e b - Fhramhino-1-oxo-1,3
dlhﬁﬁﬁ &’s‘ohﬂBIiZ-@/t) PiP&iARERYINBnE Ao & s Q?uﬁs'owa?é'degry\@/\%ﬂme material

| owed to eévaporate either in an open vi al
that.z:@mb¢ obt3ined fIPE@MANSAPEIOIBTEDE sys(eney.  Amgherfeatbodiment of the

i SUREES B B LGRS R AT i

2,6-Bhy MB6RB i€ @ReRinSardded, @BsBll ROtk Q4N Bt ¥hk bESbtained from various
Pol ynor phs can be  crystallized fromsolutions or

solventipyptems. dapthgr embediglenhef the iryentiyy ex@gmppﬁses Farm C of 3- (4 -amino-
. S0} yt.i d t t ur
o1 S AN SPA 0y e ol SNGIEL BobRofyed Bt

materte thab cirelpshtaihed fromGQotvenas suck s buenf eingtedrts, acteiaﬁe Another
saﬁ)l egé hat did not crystallize can be noved t
embo 1he gveptigmengompasses Fomp Doofdsf4-graing; 1- “p¥er1,3 dihydro-

isoifddl- Qtﬁlpﬁﬁeﬁdﬁﬂe H&-Glas NFERR iejglgt gﬁrpfyllﬁﬁo Lé’ﬂ/{lgd B&?mggﬁ%@-gpared

In a‘solvent at an Increas erature

~ fronCy nfigfuteonfiadetbyitrile @hd vgatérn Amothey embodifeod ofethé ifvention &tempasses

20

25

30

Forl?;l?gfdéa{%e %%lngfloévg)eibgﬁﬁ&%lo qg]omc{]o? %rgﬁ)alsn%grsldlgg rzrg 910(1)12 FormEis a
dihydkdid "c@staﬁﬁie"ﬂﬁiﬁéﬂzﬁ %ﬁoﬂﬂa‘r R&fbodinikar gﬁ ffie veRfon gr&foﬁhﬁsse? Form F

an unsol vated, crystalline material that can
of 3dftamiined-okodsd dnbmqumemdsl 2oD)veperidines?, 6 risoneArRotineR is an

unscg n;?%{i m%fna%}ggﬁl té Y e 0 Bt 3%%%1 ﬁms ed%:h;: rgtrlgnBofo Form E.
AnoteP¥8ibadiireal STdRe iredttidn BdRRIpasied Born? Gord. ﬁnﬁnmﬁqf g}cﬁ 3

is a hem hydrated, crystalline materi al at can
dihydsr-ispmdel-2- Wbmlmrdlmg 6-diohs drarms§ ¢ msohmtihaystallme material

that ganx%% %b%aﬁ%d %rnf l{eﬁ}éﬁg?m Is ar?cp ﬁ ?n ggl%eensf stllzc ras but not limited to,
tetral i dvpelirRr 1w)n Galotier ¥mboRiRéit iof tHd8nvenfod bl%%npaE&% Fofm BB of 3-(4-

a hem sol vated crystalline material that can
aminghi-gkerdd dihydrodelindaltZyRpiperidine-hédionet Formil mdi fantjally hydrated

crysQf e d R G b SRS Y Ramiind FrmicB 0 % lpaspmicity. Each
of these forms is discussed in detail below.

Another embodiment of the invention encompasses a composition comprising
amorphous 3-(4-amino-1-0x0-1,3 dihydro-isoindol-2-yl)-piperidine-2,6-dione and crystalline
3-(4-amino-1-oxo0-1,3 dihydro-isoindol-2-yl)-piperidine—2,6—dione of foorm A, B,C, D, E, F,
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I soi ndol - 2-yl)-pi peridine-2,6-dione. FormDis a
cryst all'ine, solvated pol ynorph prepared froma
ure of acetonitrile and water. Another e ' _
Wooq"o“t”ﬁé nventi on enconpasses 20 Form E of PORHSAED 25730
3-(4-amno-I-o0xo0-1,3
di hydr o-i soi ndol - 2-y| )-pi peridine-2,6-dione. FormE is
G ord. Spdeifttr adngmbsitiony sana¢dmprise igectaearitizdn abanoih &6, 90 or 95 weight

perc%qg%%%-?f@;g%ﬂ g)\c/oe r1]t3I dolgyd?'on ?gongg ?S’ Sl) gl%re;{]dl';e 20 -dione.
d' Rxgehgr é&%@ﬁt oAt gﬁ tfb%re'ngbxﬂ afSGa ﬁdﬂ&moﬁ%mpﬁsmg at least

unso cryst I ne mat e t can b
two c:rbitalllme doﬁrﬁstth—(heamiﬁh-)ldasm-l GIdﬁgifdrcFmbdel 2-yBapipéradine-2,6-dione
enbodi nent of the_invention enconpasses Form G of
(€. 8- JUKDRF A PoyesyrR forgis F5and E).
di hydro-i soi ndol -2-yl)-pi peridine-2,6-dione. FormGis
an unsofek eHO talline naterial that can be

obtained fromsjurry. forns nd_E [ v
sulhe dyad smlbﬁi}?ermﬁof Bor @, as W%‘? P%Wfpspﬁﬁiﬁ ‘(em@?tamed using
the eé?&%rﬁ&{talerﬁaﬂgds'@eén&ﬁ ih E‘iathl\é? Bl3 .08 7epGOMRASSIE®. For m H

m no- 1- oxo-1
di E«ymim A—casdxermhmhnea -fydm vmqnarsomems dchdaigobng. noFbmitedHta Bbutanol,

*vury e ol ek, R el ety L Feph 2o A Hgare

shov@%%gre@&t&ﬁvet)ﬂ@lsﬁ pfa&érﬁ%f IFdrfiAS Wﬁﬂtehﬁs QRABEbriRB! 1 Vpeaks,

er enbodi nent of the invention enconpasses a
prefemhho oignificant prekyral spprgxinaay BhisUS, 13, 145220 QAL aredb degees 26.

Reprgf, L d]&% sl %g%lé\a sg%qtlz?faff %& b%frlltgtd m?’lguresr?anac{]’:d

di Ry C}S’A’«:&bﬂtf{ﬁiefﬂﬁj&}ﬁaﬁc}%ﬁc’c&isﬁﬁ b & b Hodnan @4.mréA data
B, - D, E, , -7 WD 2005/023192 PCT/ US2004/ 028736 G

shovoa staall Seaglit fiiceeagoup esatioub _h-§,0°§a mdieattpg ias én@l‘@éﬁderflatﬁﬁdn Weight
loss gt?(%%tlgﬁqg% & e?trxguped%r ggcsorr\{p\eolsgﬂ)h TRE T burbt i f-'grlrr! A%hibits an
endothdamdit abba@70am| - 2- yl ) - pi peri di ne- 2, 6-di one. Anot her

. enbodi nent _ of the invention enconpasses a_conposition
c oRBPICEIAY I VAtQiEyEs Sorptins ad wlesospliemheats aferplotid in Figure 5. Form A

does ok TS PSRN S €4 Bom 0% e gy oo can

be ohdamhdl meeach rgativertompidity oteps AB tlamﬁbrﬁ)dnes $rozn 95% BRI dowihe 5%

data descr.i bed herein, for Form as for _For
relatpyeumydity, itisnds; tRdepipfingls weight ﬁb ﬁgrfa?la%@tm@tw

typlc%\ﬁg sk Qﬁf}i' t ut n@(?’%@ %2 v@:lvélt Troth dtart @6 ﬁ}ﬁsﬂeﬁoxl?x?f\ Wc#z:iﬂferﬂf

an be-o rious solvents, Inc
remabmhg laca:tysltalhnet siidtfor dbontil hriays, whehGstdred wi abaue223 46, 58, and §4%
et hanql, ethyl acetate, nethanol, nethyl ethyl ketone,
relatﬁ’ﬁél“*ﬂ-‘@ ¥igure 1 shows a representative XRPD pattern

of hﬁél‘égf% RrsidhudRs El?d’v@ﬂia?F&B@A%h%Bh@é?@to%nﬂ%aﬁﬁaqueous solvent

preferably significant peaks, at approxinately 8,
systebds. &1d ¢hB cofiverbio FAOmEC irPabetamadolRéntcystemes Fafin A tends to be stable in

anhy G o P BCEIS1 A s aRE SPLGB L FAJEE PRTIGPI Lot B, For A tends to
convehab #ekgE stics of FormA are shown in Figure 4. TGA
dat a

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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15 show a small wei ght increase up to about 150C,
i ndi cating aru ‘unsol vated material. Weight |oss above
150C is attributed to deconposition. The DSC curve of
WOe@enH0a31exhi bits an endot herm at about 270C. PCT/US2004/028736

Representati ve noisture sorption and desorption data
are plotted in Figure 5. Form A does not exhibit a
ST gdvinh G AR agé}}'stgﬁh@ \fn"sél%t@d Ll PR ﬁl@llt@ﬂaiﬁﬁrommately 270°C.
hum dity. Equil I um can O be obtained at each

Form 4l iatweaklyron mbohstgyossopip and\sppelw tbdethamogshdrmody@Bgically stable

el AR oL AT AT LR b Hat ooyl I Y RRgradiRe & ione

dlSC(#\IeréHatﬁus fypically lost only about 0.003% by wei ght
romstart to finish. FormA is capable of remaining

a crystall4-n for about 11 days when stored at
about 2%2 ww 84% relative humdity. 25

| NEEES B4 8 IoBRiIRHYHILS had h QUIvERELinE108 Rk Aol AB: SANVEIL hexane,
to Form B i n agueous solvent systens and can convert

toludne, &k wat. i Figure étsbnws g otpresentatiye X&AD patprmoiarendschamcterized

b t abl t t | t
by pEs B APIHIRI L Sprb SRt AERe s £ Form A tends to
g OR¥Rikibn E)EbtgrPNMf{EcoMﬂﬁﬂmﬁtt RSr8OB ik frmsT3-@chnRhoAbOH- 1,3

days under two different tenperature/rel ative 30
dihydwrisdintigl-Zy1) edperidored? . 6iddons. (wantehmﬂhmqlrlém% spectra are shown

in F]tgie;%?& h%g]%esctlﬁ%ly( %P %CJ 3300 /LE %m&c%rp r%)r F%rr%has
peal@quzéﬁ?gﬁﬂxﬁ?elf@fmol%b%m% In sum FormA ls a

crys line,” unsolvated solid that nelts at
apBﬁpwsmatMCPS_ﬁ@@ Tﬁé\r qatafor Foppdkarg shpwma Figure 9. The DSC

con PR RTEBRTBRF pLABBELAS AR AR A RE et gied s

dehﬁi'rz(tfbnéﬂiﬁtlriﬁblﬂmg)bﬂphdt s&ge microscopy experiments. Form B typically loses about
di hydr o-i soi ndol - Fy( - pi per.i di ne-
p

6- di one
3.1%velétlee PR SRR 1T 5IC (b PROBmRIYf- éG ﬁsﬂ Wakp)- pgomparison of
the ]I%bs??{:tﬂgﬂ of ﬁféhmgxi@ﬂa n'éée ﬁﬁ{ Egﬁn\gatépﬁgiéafgg glrat mé? afékoater (See
Figishi0)s CGelowdpions ﬁntraTGAsial@%&qamdlarﬁorme E@rhmﬁhydrate Karl Fischer
char act E‘él zed b%h? CiH at approxi mately 16, 18, 22
Wat%maa ¥5iS glsg suRpOrs i SBh proton NVR confirmthat

ﬁsérﬁatﬁ/efrﬂél%fg sopptichh A B39orpri6X @atd a shéwn in Figure 11. Form B
ydro-isoi ndol -2-yl’) - pi peri di ne- 2, 6-di one.

typxﬂﬁgr@semmhnba a fignifichnRweeght syecftqnaS%rte S tongkative humidity, when

cquif a1 o coeb IR B e LR ARe EOHP Gl iy O3 Bk down
to 5H1E]afi 96 BurGidit % it RRAE ’SMAfnedih 1S wetpht @Ibli th4eAt Q%trélafloé humidity it

Form B are shown in Figure 9. The
typically has gained only about 0. 022% by weight (about O 003 mg) from start to finish.

Form B does not convert to a different form upon exposure to about 84% relative humidity
for about ten days. _

Interconversion studies show that Form B typically converts to Form A in a THF
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-1-0xo-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



curve exhibits endotherns at about 146 and 268 C.

- These events are identified as 15 dehydrati on and
nmelting by hot stage m croscopy experinents. Form B
typically | oses about 3.1%volatiles up to about 175C

- (per, approximately 0,46 | es of t - ' _
that upot hestne 4 BERH ey oFOrEHE O GUTPES NPT (IR F Chuarao Form
i ndi cates that they are water (See Figure 1.0).
A. Cal culations from TGA data indicate that FormB is a

WaER hyedabea plasd offdbsotBSrdayvahdar tenalifjerest temperature/relative
supports_this conclusion. 20 Representat | i styre_
humidity ergst conditers (dearniqmpesAturgRa R @%iﬂa&{?a%‘%ﬁﬁpgﬁ@ 1?5_19“? pot
: For m_B ¥$}_iu$al |y does not exhibit a significant
convert {33 gﬁﬂfﬁ’; ‘rom5%to 95% relative humdity, when
qui | ibriymdis | fAE RolfehRtA ¥es HBRCdhdnbogram
g'l S }%Eng{on}srﬁ }ée%gb?dégs{gcgrcgfrsrﬁa95% back down to 5%
exhibitifigedndbthsrens atiatiodi 146 and eboutfd&Ct o maintain its wei ght
such that at 5%relative humdity it . typically has

Interconygrsitistadies shepbihet Bompb gemyeriags HRATD EalBareys e@%crﬁﬁystem&

f £ini : tt
R R e e e e N T A
hum dj tt d . Int [ t udi :
sﬁ(r)_nw %1(%3( mgypi ggl I 3y§onvgrte;c?2vggflmog iSnuaI 'erIS:E
I , in
SO Elen RO LY SERLELLEL BOL ) Bhe v

systemsS US Fepaéseftdtiee WRIPEY paeeh d0bis\iBire ts shokwitin Gigure EDr Theddts are
t he nost stable of the 30 polzy_rmrphi c fornms of
charactegized by peais- 3t apRrrexinagely 15.5 and 25 degrees 26.

ihydr 0- i soj L-2-v] ) Rigper i di. ne- - di . 7
PRGSO NN b o S By Bl S iy UK B -
piperidiRe-9%-Hidht eiblexReisiifin] Repleeattar @ IRN&ld Rigtdh dpeatd 4gsidwnin
) about 175C for about five mnutes, FQrm B typically
Figuresddrapé lifsTespeatiyelyy The Hiwasraumpleommye %crp?@%thc@by ReRktat

o PR IHIPS 0L, o0 MACOSEelrEhal (U e

ress conditions (room
bypeaké@&ﬁb&t%ﬁ;bSBZEorhmBmﬂ@simﬁ’t. convert to a different

form In, ) FormB is a hergh atedq,. crystall.ipne
REPTPrHveHbHEREL ShERRie: HE o C Bt tgisure |4 Form C
loses abﬁﬂ?%.@%%ﬁﬁe@xﬂﬂg a('s:-luﬂ@lﬁ‘s@, ﬁ@%ﬂﬁngﬁgﬁ solvated material, Weight

nt erconversi on studi es show t hat Form B converts to
loss abdverabolt 175°@dquattriisitediodenomposstiensldentifimition ni/ eslaifiet i Form C

ot her_.forns _i et one and her anhydro Syst ens. :
can be apcomplistOANTIE FOTIR CRERRERS: 1Bt MOTEIALSh D Saesare aeed afier
. j o liS Fidhra €2 LKL t Xe ,
several Sl EPhAfifle S UpRAA R e 0D SPADMRIN will LEIERAL Hbrary,

shows aCeigi¢ e Hthe Best datth EnleulaticisiramtBE A gath shpwikaFermC is 2

approxi mately 15.5 and 25 degree 0
hemisolvra)t% (approxirnatgly 0.497 mcr;les of'5 aoeto%e). 'fhezDSC curve for Form.C, shown in

- Figure 15, exhibits endotherms at about 150 and about 269°C. The endotherm at about

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

-10 -



Sol ution proton NMR indicates that the
3- (4-am no- | -oxo-1, 3 di hydro-i soi ndok’__- 2-yl)-
pi peri di ne-2, 6-di one nolecule is intact. _ :
Representative IR and Raman spectra are shown in
Figures 13 and 14, respectively. The IR spectrum of
Form C is characterized by peaks at approxi mately
sample d3¢6BpmIBZTBbackridv8RDE % relative HumiRayrahe syeis miamrgibs fherweight

. C i,s characterized eaks at - about 3366, 3321,
achieved pf g¢ engﬁ’& the E5Qriion RAGe LA AHeDIOEHE SFarelative huriidity. Form

: .54 1 in kigure' .15.°
C s capfBl U Rph L I Rork wEBh o BBl A8 Bl i forci
approximatsly catdagg it is a solvated material. Weight |oss

above ahout 175C is attributed to deconposition.
IntereprverSRta @RS o/ SrRbTomee typicaily eangerttioda A in a THF

| ! . ot e e T

) O i S -

solvent systa} Rsmof iBamdiystabls f@t&pbm@ainﬁho?i%ﬂ&q,al&hya}‘a%om%ol-z-
e

. conpared with a spectral library, shows acetdne to
yD-piperidips- hé-slionga eR0l vatipeApgrimsnts Herformadzn HommaCshow thitatpon

o ' i=sol v.at e roxijately 0.497 ml.es of
hearing oL i 50°2 A SN0 Bl SRR D elonlnoner Eitommen
15 xhi bi.ts endot herns at abou 50 .and t 269C.
o34 Eor R PPART R drr o basl Pk ot B o Hectterah
exhibiting bivthehassa dbaun 1 fiheme mb@t i 260%C. Fache C dikidt Boerbsabpis beg® about
0 M. Cr 0sco experi.nments. .The endotherm at about 269C
85% RH, tfuécagtcto?\'eg%? ’e’%ﬂ’f%%*ﬂ G WW%E%IQ%% hot stage
expers J1pnt resentative noisture sorption and
desor’ﬁon&%@-ﬁce data are shown in Figure 17. Form
i c oo . . to
ISR oL S AL SO 0L Rl
represengtive ARPD paten wf theformdiis shostnedp Figure 08.8FThd patteeh it dhaeacterized

hum dity. At 95%, re|lative humidity, FormC '
bypeakse&ﬁ@?‘i%ﬁ"&"ééyaﬁ i eé?ﬂ"rfg@vei ght 1 oss of about 6.03%

SofyriohBrord) NMRRhEicAES it fhre‘3:3249%931‘25:{61?}é‘&iﬁy\%:é?—%%%indol-z-yn-

relati've humdity, the sanple maintains the
piperidinzeht-ciand moletuie isanthctf Refrescntisive R antRainas speatra@eecthown in

Figures 4 &t 0 Eprciyelsn iR HoGHION CLEOMED BicoRmcrizasiog poaks a
approxichAtb13 3598, 22907 Hidt 32 56xm B PPROR AR Slekirh@brdRUS D is characterized

_ I nterconversion studies show that” Form C typically
by peaksca apmrpKisnataly R84 288Pn2207T2260, E646,and A0 syt em and
' typi cal | onveris to.Form E_in an agueous sol vent .
Rl G B OB ut ool PR AIOTRG i 8 (Form D
loses abdi® 817554 *thifled 85 1B Houd 1§ Pt n@%dolvad material. Weight loss
di hydro-isoin ol -2- yl)-pi peridi fie-2, 6-di one. =
above abDesI59@tis atritenggbtd deenmpogitiof. o TGEIR enpefiormsGndibateidn dte
upon heatin 150C for ut five m nutes,

volatiles giy, Water apd aee A a|b %&%ﬂ%rqorp tashow fat abpyt opgymele of
et i e e e ad DS oy FoplT) Gl oo
at about Hlfoartd 6G270PGY ITHE endotietm ki grons E23ACTis hatibuwed boldks of volatiles
based on observations made during hot stage microscopy experiments. The endotherm at
about 270°C is atiributed to the melt based on hot stage experiments.

Representative moisture sorption and desorption data aré plotied in Figure 22, Form
D does not exhibit 2 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-



85% RH, but can convert to Form B at higher relative
hum dities. 5.2.4 FORM D Form D can be obtained from
evaporation in acetonitrile solvent systens. A

representative XRPD pattern of the forrri is shown in

down to@‘%@%lﬁhv]e%um}mﬁfz R%&ﬁfa‘ihs‘ i »cagmﬁ&@mamcs > RlatRRMH Enidky the

appr oxi mat e 28 degrées 20. Solution proton
form hatM¥Ridaligl |omédeenly Iahd;uttot@%ﬁ@Mazht faboud 0.6X>mE) ﬁom start to ﬁmsh
di

i hydr o-i soi ndol pi, peri di ne-2, 6-
Form Al CAntbRef cOTEnREse FPRME, BOPRSIHA Aok SeIERAE Birgrary for

Figures 19 and 20, respectively. The IR
-aPPm“%g’g]ﬁgﬂﬁﬂf Form D is characterized by peaks at

BRI eRRInatidis 380w RAFrmAD Gs Z3fle ofitdhveling iRFAN A ina
spectrumof FormD is characterized by peaks at

THF sohrpprr wysiematosfoymAD ean 2BBous spivent syspam and 40 5oy fdn R 3eetons

tat th
solvent e BRGLTRAR FRPEI S PZ T B okt SRs b1} =
about 15@46%!: Ligsut fiPe ffmAGORtrd P51 dypidhiBaddoRert & Benvat ed
terial. Weight |oss above abodut 175C is attributed

to deco |t|on G I R.ex te .t
{romiy OB 1yt o el e B £, RO i BblE
which hfsramsd- ﬁeﬂﬁg&x@éﬂﬁ%lﬁﬁgﬁndabm atabeutntaP enabﬁbouwaﬂ@ﬁ Fegm D

present in the sa esent r
s cither PRy B ahrts reSuna il WERREF STl A8 R stk
hlghe”ea;tg,ghuﬁmq,egndot herm at about 122C is attr| buted to

| oss of volatiles based on observations nmade during -

hot St copy experinments. The endot herm at
about €Zil%c,gpgl\ggri buted to the rrelt based on hot
er S LSt I Aol
: g%@@?eso&ptolbon g%iya? ar elﬁf)lgg%f Ig | guj?gﬁl 21% lﬁ—%lkl?n& %)yl)
piperidiieeXs6+idne m(mﬂer amhbysa glovf emntaumm ogh{at-gmmu 140aml13B dibydro-
- °/reJat riumis obtained at
isoindol3 Y- PERHEING S SrHIIT S SUr s STAEn FH8 4 B CURES SH orm
acetone wafed aﬁ@emr@nﬂﬁ%@)@lﬁ p@ﬂ’tﬁﬁ & dhuenhy tidtitd ¥3, The data argI ty

mai ntains its weight such that at 50 Trelative hu
characttﬂmd 'tqumksmigpll’IY’EMMYyZCg atdendGA Iuycratsol& 0. 39% by

e el Sty <t 87 BB mes et L 2 Form =

typmal@h@ws ag&%amgb%t vol&ilBs!p &b hbouk QQS"CHE:BE&ﬁhHﬁia?it}is § S&lvated
days. Interconversion studies show that FormD i s

matcnabaﬁ@lgb@ddfﬂelﬂts hess rof ian @ddiviomalr abont §.38% waF lEseswed/Batween about

125°C EFHRR 17 Gn VeErdne SRR IERE 537 s arballi fdkmpostion.
Karl Fi?dﬂé?ﬁﬂmfm cﬁ%ﬁrﬁ‘ﬂf@ Gupbri@e &b&l@s’i&i"ﬂxﬁh% voRAR doéigﬁﬂ 184 in

at about 150C for about five mnutes Form D wi |
Form Etiy dire td Watew Gibzgepresant®&pveni 3C cluvegomiorEok nxtri)bxtscmiothnms at

rystalll sQl i vated wt ot h . wat er
about 9§ 1l A0S *Baieftont ek o i Bing APb e RABP Py
experimerftd) getlehiERs At abdk 0i9tandadbdutagidc ab awtbuidd Bess SfabiamiE.

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

Representative moisture sorption and desorption data are plotted in Figure 25. Form
E typically does not exhibit a significant weight change from 5 to 95% relative humidity
when equilibrium is obtained at each relative humidity step. As the sample dried from 95%
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.



Is either weakly or not hygroscopic, but wlil

typically convert to Form B when stressed at higher
relative humdities. 5.2.5 FORM E Form E can_be

obt ai ned by slurrying 3-(4-am no- |-oxo0-1,3

di hydr o-i soi ndol -2-yl)- piperidine-2,6-dione in water

and by a sl ow evaporatjon of 3-(4-am no-1-oxo-1,3

di Inyedeamverssam m&)t&shoyzl thatfFoprarE cinmnRerd tlFarmeCiin ag acetone solvent

L FTRRE (AN T ——
to el ERR ) 5 e AL RS, PSS Bt o,

'heauﬁ@wmamwcvfer atoar fied miAssaBbRE Exdah @5nwirt 6 FoRnB aUBon heating
plotted in Figure 24. FormE typical I\é | oses about
at 173‘53 BB ebow! fiste misytesF are %5%@0111’25@ FpmelFcating that it

LT T
st:rcssléb&@itmd (10l mpratire/ I R tank QSSC@B%VEE[ZP@HE E]r}p?@allysdoes not

attributed to deconposition. Karl Fi er and
convm@ezr qhﬁr@mné fermp pWhen stared fonesaves days at meam témepvashee!d% & H, Form E

Eis due to water. The

dQg\Lpr esen at'l r@%&%{gurve for FormE exhibits

endot h ut 99, 161 and 269C. Based on

observg{'% mwri ng hot stage m croscopy

e [ t out~-99 d about 61

PP B e ol o e Bl BB b ForeE Ve XRPD
patterilof Foat F, 266 IrsFigiiderdcbistchgrab@ribAeb yBldis laaﬁgﬁﬁoﬁﬂm&@} 19, 19.5

stage experinents. Representative noisture sorption
and 23 dagiees: .ption data are plotted in Figure 25. Form E

t VI t h| b| t [ t ance

f)rk% rege k‘a}/‘v@@ ?n |véISt SOfdorﬁﬂg{} %ﬁﬂgﬁﬁﬁ%e%h J?ngl S
represehtative mscatu:eaed& Fogindt éxbEbitsUaT dﬂl’db‘bh"ﬁﬁ QDaboﬁ@ZGé"@ [r80ERk8 directly

dried from95%  back down to 5%relative humdity,
by twp gmaligrgndethesnt indirative of araqyﬁwawmd\fmngﬂ& 3-§4:rem1110|=|hpxa{l 3

O L e e T

thermhindvents gomioe ts themmelt, soggestisdubat it ivdn ﬁabmaédmz@anv ert
to Form C in an acetone solvent systemand to FormG"

in a TER.30lR@RM €ystem |n aqueous sol vent systens,
Form E appears to be the nost stable form

DEenh Catandre @bqnacd b siusyeformanBdind E iOFHEF. EASBsresdnbitive XRPD
Bfﬁl,lEEPeatl bout._125C for ,about five m nutes,
pattery ’é‘r 120G zlgolerPB"aC‘Bﬁ%?Fl PaPrakgat approxizsately 23
demeefs(ﬁ'e aARPY bl gl: Peakghﬁi&.l@ %o Bbi @pg%;hst %gﬁéﬁfrﬁ%t%\g 2L s degress

When stored for a period o
26. different tenperature/relative humdity stress

conditions (yoo0 terrperature/O% RH and_40C/ 93 % Rl
FRFRRIAS e PPy

gRRzectrattics @6ROR C 47e Plotigd in Bigapm29. A
Tep resttlgan%% rat ur c‘a'l?& é}%&@o@or ?nﬁéﬁ&cagﬁéﬁ?g%%ggt% P%%ouézﬁe\g Phpwedbya

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

lower temperatures, suggesting that it is an unsolvated material.
5.28 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
bya peék at 15 degrees 26, and two other peaks at 26 and 31 degress 26,

213 -



5.2.6 FORM F Form F can be obtai ned by conpl ete
dehydration of FormE. A representative XRPD pattern
of FormF, shown in Figure 26, is characterized by
peaks at approximately 19, 19.5 and 25 degrees 26.

i e e

1.67% Mtﬁ*sﬁlpﬁ%mbbmt B080. Veight hes mbate adwuu:@@@ apfibaed ed
directl'y by two small er endot herns indicative of_a

decomposifisn.aKlarlZdsthendats gfows-that Farmndbtypiesidy congins about 1.77% water

0: i soi ndol ridine-
cabous LRI e i e s g o TV AR bl e
DSC m&ﬁfoa%b Showdgegal 'eﬂ&otﬁ%tocweéﬁamt W&d&%ﬁt 125°C,
térial. Form G can be obtai ned by

corresosﬂtdmg to the déhydrmdﬁ czfrﬁdeH andT: Hﬁharp\encquhmmmhomt\%%@awﬂnch 18

pattern of this form shown in Figure 28, is
hkdydls‘ﬁéf’raa’é"FBH zed by a peak at approxi.mately 23 degrees

g‘gnr??-(gm mat e '5/ 1 an H%i@g%&gﬁmf%wﬁgggggsnﬁ%ﬁegm
convertitb Form E. CWbbxasluﬂleldan TEE, 66k 6 canGoavert [ Bortred. iWhen slurried in

Figure 29. A represepntative DSC curve for Form G
acetoneg KpRmbF: GAn AN EFTHER at about 248C fol |l owed by a

smal | ,_broad exot herm at about eve
dp surs ormithis giceystadime splich b abovt&mérmir?‘ﬁﬁ’f E@S’
has a §S‘©9§§'H0Eﬂmt balbilidg b e@dbﬂ%ﬁﬁ@eﬁ@%ﬁ@bmt%r ardl . 125°Q an an
. MHForchangbe obt ai ned by storing FormE at
eﬂdom?r@cﬁ‘rﬁlf%‘h%@rﬁture and 0% RH for about 7 days. A
representative XRPD pattern is shown in Figure 30.
030 or METHGSS OF LSPoAND P ARMAGFUTTG AT dSOMPOSETIONS
and two ot her peaks

at nd. 31 degrees, 2
REBIEERES,PY e ImYsER ‘PPa‘FthhH%\!P%é’ét%f %W&F%&haﬁmcwmal for
1 do (RTINS 0
drug SRk stoRRE Bk ke, DR ol Hakins of (R MMTIAR I E BB LD |
phamtaoeutntelipagw ingredient{anr [intFingcihases nhateaf shows that FormH
t cal I .. contains abo ‘ilf f70/ ‘gg about 0.26 . R
BFESPPRG TR P v%%jﬂ% B ReVERmg 3 Wideariery of
dlseastﬁmd SoritBorls s bR lef 3L amiteC Joﬁ@ﬂ@&ih?&%osﬁ&%o@-yl)-
br oad endot her m between about 50C and about 125C, -
piperidime2efa-giomdi Ay each er’ihe welrpds, attherapaiftichidy or piog}nxlacaicalhﬁeﬁectiw
endthermat about . 9C whi ¢ch | i.K due t
amoufi 8¢ G Stnd 3P Ritisieretan Ko dahet o ngeftE ot s By prevenion,
Examples oﬁidcﬁrmmindl&nﬁﬁibﬁs HRRHe e ake n@tCIﬁﬂi%écF tol GisédRbdBsbociated
en slurried in THF, FormH can convert to Form A
with uNdesired |angiogenesis, cancer (e.g., soiid and blood bome tumors), mﬂammatory

diseases, autoimmune diseases, and immune diseases. Examples of cancers and pre-
cancerous conditions include those. described in U.S. patent nos. 6,281,230 and 5,635,517 to
Muller et al. and in various U.S. patent applications to Zeldis, including application nos.

- 10/411,649, filed April 11, 2003 (Treatment of Myelodisplastic Syndrome);. 10/438,213 filed
May 15, 2003 (Trzatment of Various Types of Céncsr); 10/411,656, filed April 11, 2003
(Treatment of Myeloproliferative Diseases). Examples of other diseases and disorders that
can be ueated or prevented using compositions of the invention are described in U.S. patent
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,

-14 -



10

15

20

25

acetone, FormH can convert to FormC. In sum FormH
is a crystalline solid, hydrated with abéut 0.25 noles
of water, which has a DSC thernogram exhibiti

WEAKYREWAH bet ween about 50 and 125C and an %ﬂp%fémzsm
at about 269C. 5.3 METHODS OF USE AND PHARMACEUTI CAL
COWPOSI TI ONS  Pol ynor phs of the invention exhibit

- filep lsatea B0 CI0OB AT @t bE MdchRt D@Falebﬁmﬁﬁ i @h@ém{rét{y of AHDF the

manuf act ure, storage or use. ynor phs of
PateTiy, &k pasent [RBplicagions sitegl hezeip rsanm@maddwduy b}acetfcmace

oD By WAGEET7S: Budbs HAFERS Rk el bR of
invstion&@hy behdmetisera ey oaand @;&éﬂal (N SindGinSuPR)! M[fgﬁé?ﬁ&]eal

of 3-(4-am no- 1-o0x0- Lﬁf)&dro | soi ndol - 2-yI)
intraygsers. d-Ve uzraslstﬁlmi enjecttmneca sibns subcurendons!§ sueamon or

ut I Iac I ffective
g RRS dhhRionoPly. BhaP veeRah Gty b Chied Fots of
adnfihisGatidh Md&ﬁﬁﬁ'@é‘forﬁlﬁla&rde‘d%ﬂk b@fbgeth@( @xmlf‘a%leqos%éctnnt formulations
di sease and conditions include, but are not

con{aining reruestenal S6BEXiE ehiarmpmwaﬂrﬂ eerieplabllcaayicoy edipsargs and

venAEnciaf for §R% 0BT PSR Ber 4R rllyidugh golymorphs have

dlﬂkmmgsmtﬁﬁ@mﬁmﬁmﬁraﬂ@ﬁ {bfpeﬁ@!ﬂ Qﬁé 8pt@hsl pRlyRnorph used in methods
cancerous condi tions |nclude t hose described in U S.

of tisgkmesst meyslependan the sonte pfladmisdiragon. Fer exmmiplee forats that are readily

Zel di s
o S SR B RO, BRSPS,
forrid thaOBBi{ drearcthemind sabilivy alagbeppdfaged & Y HALAMABLTe of solid dosage
10/ 438,213 filed May 15, 2003 (Treatnent of Various

formys (¢t tabletsand eppsulesd/ 411, 656; filed April 11, 2003

T ' :

g T
bioayailghiktye mneulntsl sf g ppbympaphd ihansre m]ﬁerhﬂwtlc:myeﬁtpmphyhbﬂcally _
ffdes rll&ﬁgd in Sf aglp ent nos Igﬁ 35, 756 and 114, 335
etfeptyverin D reatmeRt ¢ivagppsdisegseand,geriditions can be wﬂ@xget@anmed by

I f

thosg O Sl dinary SR M hablCen ificalles Ot CR b dlediOB0ne

invengos/ mﬂmgma@smm Omdﬁn kethgleoiralraded3hily2100S3 in an

| Th t
T T e S T
othdd @frBbaimdatd, AOIRIrPh BthdidihBicted v erPoBELHSAn alP8RSREY 0t %rom about

on the disease to be treated and the subject's

0.1Qterplputi 159, mpdpys ras s absiut 6 e abeus 28 mg/day. can be

ad s are a cul ar,
T S oA PAGALED pho e bt ARG Yo

fornsthicdah ®@ ueéd Inthethb@of tfadbfistit ANE Priventidre %idﬁrbon@hse one or more
i npl ant atl on), inhalation spray, nasal, vagi nal

polyjnagrpl of L(fhrmpgukpxo-d3-dibpiressoindelt2xl) piperidine-2,6-dione and

optionally one or more excipients or diluents. Specific compositions and dosage forms are
disclosed in the various patents and patent applications incorpdrated herein by reference. In
one embodiment, a single dosage form comprises a polymorph (e.g., Form B) in an amount

of about 5, 10, 25 or 50 mg.
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adm ni stration and may be fornul ated, al one or
together, in suitable dosage unit fornul ations
cani ai.ni.ng conventi onal non-toxi c pharmaceut g
Woa@@?é%tsgﬁl e carriers, adjuvants and vehicl es,i’((’:ﬁbk%o“o28736
appropriate for each route of adm nistration. Because
6. | MESDM ynor phs have 10 different dissol ution,
st ,_and ot her properties, the optinmal polynorph
used in nmethods of treatnent may depend on the route
of 6.2dni POENMORIH SEREENanpl e, forms that are readily

sol ubl e i n aqueous sol utjons_ are pilrgsetf erably used taq
pr & PPHEqIPly shrepIde Legeratedreditiemb sl Oy piy 8 -(@ragpino-1-oxo-1,3

. hj bj r . E i) : rred in
dmy%ﬁééoﬁ%&no&%é}g?h}ptgﬁgw?d? ?Ef%ggjs?\gge g?gtrlprrag’ f?fég‘g? tablets
ang veeagiedlsemple of 3-@-dhimodhoidhE3 diydics Bbindol-2-yl)-piperidine-2,6-
characteristics of poltygortﬁhs can, _in sone cas
fitaeh v

phs es
dioneyfuseally abest 10 mB) way HP pijquoshiefthe tesbiolygns. Solvents were
. I r r ' 5 .
SRR P 0g" Byt DRIARAHL GFALY 0 200t e s,
the nYiRfuk®@wWss Ghuakpsiekan dr saicttdd. OMBerctha stidsrdiadivey, as judged by visual
~ determ.ned by those of ordinary skill in the pharnmac
inspegtioppegiimated splubilitieh Wegk salfuiRtedni HikiigssV e eptgated from these

y Lon. . T Cal
expelERR b o in Bl TR, ba B RoleE AEOBo, Kol Hltiflodinay
haveaken frefted thah thodb caliculhbed dug telthy usoof tho-dargabolventligaots or to a
about 25 ng/day. In other enbodi nents, a polynorph is
slowaa&iohHissAR@RN every ot her day in an anount of from
ab . B e Sn b
apoiheigEet AP ertai o St (Biachl A0 Wng'h L) a
elevibditerpeatires; filtedngmosl adlowing thasblstiongbevaptirateddsdge in an open
~forns that can be usedq in t hods of tr.eatnent.and
vial (RO RS- VABSFAC IR D & SR P Eeh WD BB foib sonpniEgTieles (ot
slow%fvaporation). _ P . .
3-(4-am no-1I -oxo-1, 3-di hydro-i soi ndol - 2-yl') - pi peri di ne '
- 2SBunyiesperiments viord dsap¢normad Hsualtyraboetds pe ofi selidbwas placed in

.. di,luents. .Specific conpositions d .dosage .f pr.ns_ ar

eithep 9 PRk Bf TV e U5 FIBRS BECANTSPIae AL Ligt ekt felther

ambRBPkmpaiatRe 51 4MeOFH04-ab adysherein by reference. In one
~enmbodi nent, a single dosage form conprises a polyno

ent. . ynor ph
( eCyystallizstipnpyetepesiormad bHeg vasous pealinggnethods. Boligrwas@issolved

: =15 / ¢ :

ina Phient R ERRLeRE e [T, AL O By iy il Eea o

cool i oot fehpefifire S Wnicel af onbtedberdtufe} samiples that didonat cstallize were
di hydr o-i soi ndol - 2-yl ) - pi peri di_ne- 2, 6-di one was

moveds 0 KSHIESIAOR S Glisks ViR rempvad Rik filjFadign ©f Aptagtagion and allowed to dry

in gl PRl P poCimod o plying solid dn 2 plyent g ey

tempBdutt (4.9., ABjut WSS T@doRowsd Byncoalingliind drydte/hdeoresith.
solvent. Solvents were either reagent or HPLC grade. .
ThELYBIOSeARRIL shites WeieateripriagRit Plogae portigas Qeeach polymorph in an

84938 Ri}gidity chamber for approximately one week.

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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the m xture was usually shaken or sonicated. Wen the

solids di ssol(ﬂied, as judged by visual irdspection,

estimated solubilities were calculated. Solubilities
WQRapE/23¥2 mat ed from these 10 experiments baseRCTHS200028736

total solvent used to provide a solution. Actual

solubilities may have been greater than those
ambidt eethidr@drel Ubhelifisdltitde BGIRIs Gieré RRoVEEMByY $itkatRRtand analyzed using

aliquots or to a slowrate of dissol u¥| on. Sanpl es

ve created by generating solutions (usually about 30

ng in 20 nL) at elevated tenperatures, filtering, and

al 16adi nPREBARATE L MORPEIGHORMS i n an open

15 vi al ﬁ:iwot fast evaporati onz or in a vial covered

wi trghiIsghf dermstadiBr(4csmipailrexegl ,pididre isojndet-2-ybr piperidine-2,6- .
. L.On).. I erinments were al so perforned.
aiofFP peHoaflns SN pBVES 3

solid was placed in either

or ForfilA wak oblned bl crybbidli £816R s Widis hbfAgRoas §6lverts including
orbital shakers at either anbient tenperature or 40 C
1-bytggol.uty] aggipte, ethenddy gikylacetpteamedhagohmethyp ethybkatent, and

. \ Pk e di | :
SRR O R R SR G
toluéde, anldi witer. eFbrapul elgh yhafied &onove@otdions; ARIri¢s0 ak QW cools in

tenperature. Once at roomtenperature, sanples that
acetppesaysnt sysyerns | ForpeDwas obtaireddepmn gvaporasions geacstapitrile solvent

[ re.o [ t| . ant ati on
sysiGfit. gt B oy SRR ol SRl B PESRTI L 00 e
isoirapl-Ai B piperidine0d-dibne in wan| Femi Fatas @btainedtgadambletddesolvation
t enper at ur@é e.g., about 45-65 C) followed by cooling
of Form E. dt 15 found toheragimselxatad, crysiejling mapsrial thpt meltrntabout 269 °C.

3! ' rytd f ol ynor )
ForniX glra]P 9%%%??9& Ve %?%mhﬂ%P?“g‘ d(ﬁlglggl_e[?' }f:gr glp‘g%so%mﬁ%%%/smssmg
Form ifcat ek terDparaturcadnddife REUthr&sdager e carri ed out by

heati ng each polynorph in a 70 C oven for

appr oxi 6ed. Bl W YOWEHHSE OFPOLNMORPHS BSAND Exper i nent s

were carried out by making slurries containing two

f oFEm Bnis shesdesired pelymomphyton the aptize pharmaresicaldngredient (API) of 3-

it foR: r.oxi pat 7-20.d at  -16 . .
oS PHS SRR Sk Pt ueE B e, b s been used in
the fdheulafic0biAPEins® Hiug prodiceforetinieal @adigy THréd bAatHes waB Produced

anal yzed using . XRPD. 6.2 PREPARATI ON OF POLYMORPHI C

as apperaps Ik iyFRs of prlvanarBhsig thy nop-micrapizebAPI ofr(4ramino-1-oxo-1,3

Iy oi.sQindol - 2- vh)-piperidine-2,6-. 5 dione were
dlhyglllrog%g{rnggf %gﬁ )glggé:r#clﬁ%ée/g)éb(gp%\?v Form A was obt ai ned by
cr Pevelbpinzat werk wasamrricarduo usdefiR-aaoees ﬂlaS%MGrgfeﬁe_rate polymorph

i ncl.udi.n :
B from this mixt%re of polymorphs and could be implemented for strict polymorphic controls

in the validation batches and future manufacturing of API of 3-(4-amino-1-oxo-1,3 dihydro-
isoindol-2-yl)-piperidine-2,6-dione. Characterization of polymorphic forms produced during
the work was performed by XRPD, DSC, TGA and KF.

A process was also developed for the large-scale preparation of Form E. Polymorph
E material was prepared in order to carry out a comparison with polymorph B drug product in
capsule dissolution testing of 3-(4-amino-1-0x0-1,3 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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1- butanol, butyl acetate, ethanol, ethyl acetate,
met hanol , methyl ethyl ketone, and tetrahydrofuran.

WOFﬁP MByas al so obtained by crystallization ﬁéﬁﬁ’siohﬁozsnﬁ
sol vents hexane, toluene and water. Form C wa

obt ai ned from evaporations, slurries, and slow cool S

ot SRS T KD D S o

wasg@ moﬁ,ﬁ/\@s obt ai ned nost readily by slurrying
- (4-am no- 1-oxo- 1, 3 di hydro-
| mpsliminayy ok, ptewzilscﬂqmeonztrﬁedj thahstiring watspensifo ofra Fixture of

b d b | f F et
P°1YP8§W§ 2 g it T, S drRE R BRI PP herRecicbns b dighe i water
at h@?{etrrﬁ)e?étm@k?wt@%ﬁlgmpemeﬂ:&ﬁ %I(ﬁ)d"@fstlﬂ@'é&'lﬁ:ﬁgd $ mixt ure (ﬁ

S| urrylng orns . Form H was obt al ne
polymwrphs skelgsivély F@fcmnEB aGe‘ramairﬁptcehpparamtea wed @&&ﬂddﬁmniudmg
SYNTHESI. S OF POLY PHS B AND E Form B
tempega%f%esoéggf P"é&“‘ﬁé‘f‘?f P‘FB’F”?F?%’&R‘?‘%I VREER i XBPD, DSC,

TGA, RF £l BPLC GARYdes Herd (14 AMrAQerize0of thed e
di hydr o-i soi nd%)le-s _e)r/ t)ls-epl %erl di %ezcz 6- di olr)1a(‘etCheS Aftef COIPTPletm

the optiguzagion weskedhé ‘nptlmlhéd pmcmslmswgaied}ﬁp AP100-20g dn tigee lots of

oduct_ f I
APLODBAE iyt v Gl B el BR 93 msfﬁ‘? With gitgeuum of
150 MeNofMHE! Phé Z86ltsMRé sifwin Tabid¥i1ng)- 1- oxo-
d|h dro-isoindol -2-yl)-piperidine-2, 6- dlone

@cmimgtand\bolldmmnods of (K- @mmwbodeﬂ;mmrpnm 2- yl)

oo e S50 e B e o
polyReiph® &edhisCio bR Abimihg first rhriihﬁeftﬁh'xd aﬁnn&ml&ﬁb%gﬁn&ﬁﬂ E at RT

future manufacturi ng of APl of 3-(4-am no-1-o0xo-1
condgiany @eenrs, tBerefors grieTating pipixpirg of pelymerpks & atiddheThis result

e REREH g B0 PRSI BB S

procgzsimgeise vumvend he neheariil app@iyfrml‘pht]ﬂﬁ:shbmgm 5 &tk t@re of polymorphs B
reparation of FormE Polynorph E material was
d%repared in order to carry out a conparison with

fg)g%i?i%&r%qﬁpﬁé\%gge?n@%g@&kldg@d t&é&ﬁﬂk@lﬁrﬁ&?&e%’lﬁﬂowh B of 3-(4-
amlnd’rlhym d) 3i (hbydﬂdqﬂmrﬂoyB)ylppmemdlde-ﬁéﬁ@pﬁe 30heproveiurel mdludes a
G e S L b TuE B et o

parafa@tetsSifav8 Beddyidbhdtegat i on and dried at 25 C for 24 hours
under -~ -17 WD 2005/ 023192 PCT/ US2004/ 028736 vacuum

XRPD, DECHomshayry KmnperatutdRIf G0sidlCyses confirmed t hat
the material isolated was polynorph E. In a
prel i mi RaPsodwarfiiratidn ofefs(Aaniost-oed-¢3 dilyalro-gdoirdol-Dg/1R

i.on of a xture of  pol ynor phs of
pipedip S f e
di hydr o-i soi ndol - 2 yI) pi peri di ne-2, 6-di one with water

5 at hi §hDrdnpurder ypaiuay e 6@;76 % isprefexedfod ad effeviénd derndval of
unbohhﬁa?e? 5 r(li %mlrgo-i -0X0- lxg gﬁlydro-lsomdol 2-yl)-piperidine-2,6-dione wet

cake,

4. The filtration step of 3-(4-amino-1-oko-l,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.
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pol ynor phs exclusively to formB. Several specific

parameters wgfe identified including t efiper at ur e,

sol vent vol une-and dryi ng paraneters (tenperature and
WOZMIPAJI92 XRPD, DSC, TGA, KF and HPLC anal ys&CTEy2004/028736

used to characterize all of the batches. After

conpleting the optimzation work, the optim zed

process Sneolday fodPof WarkBFePORe of 81714 tahfife 1loab, Pdihido-
APlI. Drying studies were carried out at 20 C, 30 C and
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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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5 Pol ynorphs B and E were distingui shed by the water
IeveI s as neasured by KF and TGA. The reference
anpl e of polynorph B is mcronized API.
Wor?ﬁ‘?cépzé]@éurate conpari son by XRPD sanpl es Werelql%zo{'f?%/28736
grinded before submi ssion for analysis. This
i ngrea ECI | | |r11qﬁ;3| PN O edults/
pollynorp |ic&:lll orrrAR?(%ﬁnQTWLtIQ? rg%) Qﬁ yged. si93PD,
DSC, TGA, KF and HPLé 0 Tahl : m nary Studi es
Ampunt Remgtion Anal ysos Resyltsg3 coincldm bnPolymorph B
copditions 2 g Water rt 481h XRPO DSC ! Polymprph E

TGA, KF PBgg Watbr, rf0048 h [xrRED, |psé4 ppl %EvrrpﬁplEB

T WK o \AAt o 0 72 .~ ‘DD

YR AN LA 2138 v , TU= Y atnd O, Po y
h fhen rFO 54 A, Kléoq C 17Ii\ceton - X%é‘,l'@;?ﬂo@@
Polrymor pi xtura wat gf Srcw eypol T[GA, KEO ng)r%iﬁ
1 hinan XRPD, DSC. Polynmorpgh A oven T I¥

Watler, rtQg24 h KRPD, 108C, Pdl yibr ph B4 (DI Pniyn‘mrpk)B

T l(l: | r1 hr\| \I YO F nh \AAt Ar t A3k ,\I\r\[j’ B
yﬁgrph \?ﬁte 5’“?‘)5131613
[

L
= ot T

Pol yrmrpllloﬁ B T;A K;iO‘Q g pc

XRPE; Holy TP BonE 220 T&R KFE 130 B Bhfy¥ndrbh B
hept ane ‘).?F&’ DSC, No change | TGA, KF Table g:y th
Optj{i m zaumgn of Tenpenadure, |Ti 8@ and &ol eﬁblyﬁnirptnﬁ
Amgunt  Anpunt Vater Tenp -Tima-Results/— (- )—(C—(h)
corfcl usi 88 og 50 75 40 x 1o §050| 72024 | PEPbimsENBE
- 10 095 OO PYTyToTRE B [ 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 deterrhined to be 10 volumes of solvent (H,0O), 70-80 °C for 6-24

hours.

Table 3: Holding Time

Amount Reaction Conditions | Holding | Holding | Results/
Time Temp | Conclusion
® | O
S5g Water, 70-75 °C, 24 h 24 23-25 | Polymorph B~
ig 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, 30L 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 g 100 70 14 Pol

yunt

ynmorph B 10 g 100 70 21 Pol ynorph B
-19 WD 2005/ 023192 PCT/ US2004/ 028736
Vater Tenp Ti'me Results/ (mL) (C (h) corclusion

Anmpunt
10 g

wWaepsAB3182 Pol ymor ph B 10 g 100 75 24 Pol ynor FETRIS2008/02p736
100 75 6 Polynorph B 10 g 100 75 19 PoI yrmrph B 10 g

100—+5—H—Petyorph—B—30-g—1PO—Fo—24 m”‘h B
100 7Hnduntp| [Reackon Conditigns hHolding 83‘19% T‘S/_L
100 80 20 Pollynorph B 10 g 2poTimeg r °B¢Eﬁl°l10
g|200 45 24 Rolynorph E 10 g| 20860 |48(°
1( 24T Potymorgh
751 # pol ynor 8 g 461 7b ZhglPoI)ym)rph
ccmd.LLi_gns_\Aq termned torhe 10 Volumes bf —solvent
(1d6)g 70- 80 |OVaisr, 60mLdfly s|  Thbl ¢ 3:-5Hol dMivg Ti ne
Afount Reacti|ot ®bndi ti ons Ho| di ng Hol di ng Resul ts/
Tilme glenp Cor|cWeiet, @00 rilh)24hC) | Sg14Mat ¢r 23723 7BEPElymadhlE
24 23-25 Pol yinprgh B 1g Watef, 70-7% C, 24 h 48 23-25
Pq |15:%u pm—E rWhteHD.ZOB—rE,fQﬂ,V el 40 1o AWT
Pol'yror ph E 75 °C
10 g Water, 100 mL, 24h, 21 23-25 | Polymorph E
: 75 °C
10 g 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
@) 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 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) (6 8)) '
100 g 0 - - 3.650 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




- 10

15

150 g Water, 3.0 L 24 23-25 Polynorph E 150 g Water,
3.0 L 42 23I 25 Polynorph E 10 g Water, 100 ni, 24h,
yAch Pol ymorph B 75 C -20 WO 2005/ 0231
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12(3125 Pol ymorp‘h E] 7548 10 |y llor | 10671,
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the maters aI shoulod be fil3%red a3.6760 6Bolgmargh B
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0 _
Drymg studies determined ¥hat tl?e 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-oxo-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-oxo0-1,3 dihydro-isoindol-2-yl)-piperidine-2,6-
dione (polymorph mixture, 100g, 0.386 mol) and water (10_90 m_L, 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 maferial was
pure polymorph B. The results of the analyses are shown in Figures 32-46.

63 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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100 g 1.0 75 24 Polynorph B 100 g 1.0 75 6 Pol ynorph

B 100 g 1. 0(75 22 Polynorph B Table 5:(Drying

St udi es Amount-: Drying Drying Vacuum KF Resul ts/ Time
WOMYOIHNR Hy) (% Conclusion (h) (C) 100 g oPCT/US%OOé@W‘G

Pol ynorph B 100 g 3 30 152 3.452 Polynmorph B 100 g 8
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voltawg gmig Lok \%‘??4%%&3%39& r@*pecggel OA%lthH@tﬁH%i‘g?{?agsanalyzed

anlcaly stirre room erature
each@)a t®Ehet8 fbr me@ehemialipagen. Sntpphegien bangl 25 aneAHO degrees 26
ien after 24h and 48h before the m xture was
ISShﬂW%ﬂ@ﬁéﬁﬁ%ﬁ air-dried on the filter for Ih. The
material was transferred to a drying tray and dried at
ro%teWZS C) for 24 h. KF anal ysi s

O el e RS B g PSR Hcavratin
stan@a? '36§1’e l%’[‘@fld’ Suthe hﬂﬂﬁ‘gx&ﬁﬁ‘ely BBLE6f @mpleKadplacd on a pan,
accurately welghed and inserted into the TG furnace. The samples were heated in nitrogen
at a rate of 10 °C/min, up to a final temperature of 300 or 350 °C.

DSC daﬁa were obtained on a TA 2920 instrument. The calibration standard was
indium. Aﬁproximately 2.5 mg samples were placed into a DSC pan and the weight
accuratély recorded. Crimped pans with one pinhole were used for anélysis and the samples
were heated under nitrogen at a rate of 10 °C/min, up to a final temperature of 350 °C.

Hot-stage microscopy was carried out using a Kofler hot Stage mounted on a Leica
Micrdscope. The instrument was calibrated using USP standards.

A TA Instruments TGA 2050 interfaced with a Nicolet model 560 Fourier transform
IR spectrophotometer, equipped with a globar source, XT/KBr beamsplitter, and deuterated
triglycine sulfate (DTGS) detector, was utilized for TG-IR experiments. The IR spectrometer
was wavelength calibrated with. polystyrene on the day of use while the TG was temperature
and weight calibrated biweekly, using indium for the temperature 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 aluminum pan and heated from 25 to 30 °Cto 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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For a large scale preparation of polynorph B
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Anal ysi s showed the material was pure pol ynorph B.

Thesr esgPESTROS COPANMIASEREMENIFSWN i n Fi gures
32-46. B.3 X-RAY PONDER DI FFRACITON MEASUREMENTS 25

X- Rayarpspades watd 40gaired op aaNielbytsesdeld 5@ Foaridri teehs vt Rithan

a Shimadzu XRD-600Q X-ray powder diffractoneter usin
specleomar WHERRE JrheKCitatien Wﬁﬁl?reﬂ%ﬁft 1064 nsg an prraoximaeln 0.5 W of
Nd: '{é(_? gasgf]g ?‘%ﬁ% i‘% glll ?@%% }%topg-g/ clds;ﬁﬁ% 92&1% g@.\]{ed att 4 cm

and anper age Wwer e

resoldflork Bl“lid’ninéﬂhs nwere pesaest fov aiayysm'IB}epladng’ ﬂfegﬁﬁteﬁalaﬁd sample
scattering slits were set at andtherecelwn[% slit
B

holdgizad patitigiing this i e spestiomelst arae PREFHTATICEE Was svayeleagtheglibrated
t A theta-two theta
usin %){lr%ﬁlr %ﬁu@?%}%%hﬁéa? té@p%g%tf?gé 4 sec/ 0.02 step) from2.5
deBiecrail-BO sficotrd vete geqpired 20 aWisol&t usdxl 360 Foutiet@dhsform IR
st andard was a aI. zed ach daé,c,l% check the instrunent
SP"CS‘PH%@HH%‘WE equiPPF ARG DEAmPRIULCE apd p deujpratsd
tr101§?<:%’(ers'uﬁ’€11teQDtTGSS)'d’éﬁlﬁ:cfail KassReth-attdn® 'Ellﬁﬁ'se rbfi&tantBGe R9Py was
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utlllqﬁéﬁnsamphsgngaqh sp@cmmeemremtSDQB &ovedded saan$ hiex $1Edtralrlesolutlon
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anal yzed 10 each day to check for instrunent

speceim g¥aTapquiredyyratipring &by e dst spiseagaimsioeagh 9then. Tbyr ees
specg%)hlohﬁne%&% éaﬂbfatagd aQIlé eg§th) 9/1# Rg@%@le at YS SﬁTGO

Ses were carrie Urren
A R SO,
al UITE' pre—v
palOIOlS%‘lﬁ‘e §§1&H5@‘d@é&%ﬁgﬁi\ﬁ{ ghs %re%ﬂeét@@ 8{1 E\Qﬂl‘l' %ﬂ ltop“?no-%f“’ure balance

f ur nace. e sa S were heated

systerat Eorgbrption @dﬂldﬂmsuzpsdirptlm fangeadf 3 mﬁﬁe%a*elatxee htmaly (RH) and a
350 C

- desorption range of 95 to 5 % RH in 10 % RH increments was used for analysis. The sample

was not dried prior to analysis. Equilibrium criteria used for analysis were less than 0.0100
weight percent change in 5 minutes with a maximum equilibration time of 3 hours if the
weight criterion was not met. Data were not corrected for the initial moisture content of the

samples.

6.7 SOLUTION PROTON NMR MEASUREMENTS

NMR spectra not previously reported were collected at SSCI, Inc, 3065 Kent Avenue

L

West Lafayette, Indiana. Solution phase 'HNMR spectra were acquired at ainbient
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spectra were acgw red on a N cl oet nodel 750 Fourier
thraqugh A 9523+ #m Ratonrfiltes diskrand meairtpingd pi 3727Gh gThappoReatusavasontated at 50

om0y 5500, 008 (RS T TBHELY o8 il s

filtezQ- MG casedhe avdidsd1esl liddwerd récovered| dntliaslyzed ¥y X-ray powder
__sanmples were prepared for analysis by placing the
diffragtiert (>3RPPh a sanple hol der and positioning this in
. the spectronmeter. The spectroneter was wavel ength
calibrated s8.Ag sul$elubidityi cycl ohexane at the time
of use. The md-IR spectra were acquired on a N col et :
modEuildwmnesnlvbility expsHEEssergconducted in a 100-mL, three-neck, round-

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-ym
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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15 spectrophot neter equi pped with a gl obar source
XT/ KBr beansplitter and a deuterated tr iglycine
woShsfoas92 (DTGS) detector. A Spectra-Tech, | ncecru§hogrsse
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b@asmﬁarqnl and delubilBe samplss s¢letipra oot m@éﬂle@@w@e@@é&ﬁtﬁnPU 640
1/R (Wwhere R = r ect ance
mded&ﬁm $REQITORPOLOIRFEh Ad- ‘ﬁ? CTp FRRTHA “é{efé %%d %{b%arﬁls Wiglpneth of
228. 4? remﬁhz;é&’. &E&BPW% SlrodBFitlt 8 iEtRRd with dissolution
vvave engt w th polystyrene at the tine of use. 6.6
medid) STURE SORPTI ON DESCRPTI ON MEASUREMENTS Mbi st ure
sorption/desorption data were col |l ected on a VTI
SGA- 100 noi #.8114 bal XsRay Pewddrddiffrictions or pt i on
i sotherns, a sorption range of 5 to 95 %relative
h R P ta;aal@&sl)weae darzied 25t des Shiméadon XRIHGOGHK-198 ppwds %

diffraggmsies UHR oK dReIBaoTy T PEBAAL e BPoRA § B (s X-ray
tube. Gfﬂe tEBé go\»&%dfa% $a?a%%|w&e SetWBAGKV 288 40 han, RskAGely. The

ercent change in 5 mnutes with a maxi num
dwergmce land st teing slutmsveoef se3 ahbliars! the receizinggbit gm setraf ©.4p imyp.

was, nqQt .net re ect or e|n|t I
DiffrafdsPA1aEOR gt ?C@ﬁ’fwﬁ SHosiads Giecst, ARuiig s
contlﬁmz MANYR MEAIENMENTS2 %%ﬁ?ﬁ 580 D2 DHRYHhRUS |N5111con

eported were col | ected at I nc, 3065 Kent

standéuiemsea,nalym cadbadaa{yetctl@ck the disamacnt SHEUMERn Sampies eE packed in

uired at anbient -24 WO
anal‘?@’é’éﬁg@gé l\é%’l‘f %699028736 tenperature on a Bruker

nodel p er. The IH NMR spectrumrepresents
128 co%gdxﬁ? fist ents collected witha 4 psec pul se

n@ae‘?}eglﬂ Hids@ Q?@ﬁgﬁy ahd Hrific sﬁuﬁgscﬂf]%lr}m Eed ﬁlr'leaglc 6. Both

et on eca was exponenti al tip
the SWllblﬂlt}aaIm d:sédmuo@ree:pmmamslwmcoddnctadim mgdﬁmcofdﬂCI ouffer, pH

18, mngaﬁrgxgé%gg%éﬁir%?%ﬁlf%% Ay oI oL e st fp he medium,
conv%% to ﬁ@HPEe%h\‘é’%Bﬁlbmtﬁ@f‘Fﬁgw A, 8l d?iﬁtméreséd{lfn@iéﬂ‘ii@b@éZ 5.8,

scope of this invention can be understood with
and 4. %ﬁgrmhcespemwg dihp elissobiitioh sitersof Foeng A, RTRIABIVEre estimated to

OLUBI LI.T STUDI ES I ntri nsi
beo@l%?&% 8}3 rREWREEIRY e conduct gd“oﬂSIFgrm A
E 3?3;%; g;,l 2; 65 %{n( 4- ﬁmﬂ gzﬁpmetrv ﬁPertH(])«FDevelopm'ent
S DA SO AR RS o et s e

to 1dErﬁff§7'§n3AuﬁéH’erﬁ peAkd, %Qh&ll\/yléﬁbatmhﬂ @@s Pigsent as shown in Figure 47.
ul travi ol et -visible spectroph torretrYa and the solids

r ebalinomseof F(doamimachossp e diprdie-i a)-piperiding-2)6-digpe at

varyglgvc\:gr?crengrla{i&{sa&érta%plalgr%(&f) @, UV- Vis spectrophotometry. A preliminary scan of

a 1.0 mg/mL solution was done, wi_th 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-oxo-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

- 26 -



10

15

20

25

6.8.1 EXPERI MENTAL 6.8.1.1 Dissolution 15 Di ssol ution
experiments were carried out in a Vankel ‘VK6010-8
'wﬂbcﬁﬁ%# jon ~apparatus equipped with a VK650'%>CT/U52?04/028736
eater/Circulator. An intrinsic dissolution apparatus
(Wods apparatus) was used. Sanples were conpressed at
1.5 metric tons_ (1000 q_si) for 1 mn using the Wods
interfgspagen et shawn i Higure 404 Thersfase ¢ waytelangth of 228 fgwves chosen for

20 . di_ssol ution medi um consi sting

analg#‘lg égg]%r%%fuﬁ%fty 8{5‘??%?‘21“% Sf.ﬁ’g?es'wi th 1% sodi um | auryl
20 Assik ipig caMmatiolS Qdvé Gbs g@ﬁﬁt@(mm isi¥Rdrds e FEIGHWAE
was degassed by vacuum filtration through a 0.22-,um

conggpiratrorssi 0081 mp/wk. AR meimk - ¢eumg(mi3,70.¢1.0 mpénL, 0.015 mg/mL, and
d 0] f H [ -
N N IS NS AT

shoveyTnl Figgre 0.1 ters. I n some cases, the undissol ved
solids were recovered and anal yzed by X-ray powder
diffraction (@d¥P). Lenfbifityl- 2 Sol ubility Equilibrium
sol ubility experinents were conducted in a 100-ni, -
t hpeamiiae konsi@iip @f 4400l b Fdrhag kvas RABHERH distoRutiot Reddaih,
temperature oil bath maintained at 25 C. A solid
Partiglerpizeswas nofonusiipda lighetssyare taken gh7.53, 3Q, 68 90, and 150 min. The
j [ ' : 1 Wt 1% .
coneGERRALARATIEL B e, Fhe pBi e e porPlgation reached
was A2 giails, a80enif Frh et peinn@e QoRcentsBticiOdedydacut, Se4ching®.7 mg/mL
filters and imedi ately diluted 1 nlL --+ 50 nL, then 5
at 130 min-asig FagurgiS{ h Theypalids remeiing ab thefinal Hueipaiy were analyzed by

R BP0 EhE: S B AR OKo a0 o Porm 4 cambe

seen$p det pavehot Sived thy cOheachtidn did nanplatah a7 nig/mb.aMplsekibility of
s&l utign%@re apal yzed by a Beckman DU 640
Formg £ 7% b, l0yvRr #fophot oneter. A 1.000-cm quartz

C UKEdanfp1 @ BShslind BRLYS A $ng/ R ﬁ%g Riu@fied i%%ﬁss&ﬁtitem%f&l.

utilized. The detector was zeroed with a cuvette
Partifie] sizeowad ndt caitseliidutAlopos wazeltaleem a67,8.5130 68; %yl 8@oAdeand 650

. Diffract.io RPD, anal yse re, caryied,out, on . .
min. oo B R g e S MR T4 P Bl i g0 min. The
concehtrdtfor’ A4HiBEddoR 5.6T1%7 inipFhl WEBNR!firlab tHREH AP BinW s in Rigure 52. The
fine focus X-ray tube. The tube power and anperage
remajipg selids were4bovaytabriFarm Bas i Ealple ¢ sugeesying Faem Bohas good
i ver e and scattering slits were set at 1 and the
Stablﬁg)é@lgi&% slit was set at 0.15 nm Diffracted

r adi inrodry Wi shedkdlhetslied ibyiven MeTatd€ 6N The hbh@¥ dissolved at each

. detector. Atheta-two theta
time point are shown in Tables 8 and 9.

Table 6: Summary of Results

Form Solubility Intrinsic Dissolution Intrinsic Average Intrinsic
#1 Dissolution #2 Dissolution Rate
Form A 6.2 mg/mL 0.35 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

a. The Form A dissolution experiment #2 may have converted to Form E on the surface of the disk, skewing
the average rate lower.




continuous scan at 3 /mn (0.4 sec/0.02 step) from2.5

to 40 20 was used. A silicon standard was anal yzed
wooasifay to check the instrunment alignment. pSanms2em/028736

were packed in an alum num holder with silicon

insert. 15 6.8.2 RESULTS The results of these

.t rinsic studies are summari zed in
Tablerzbﬁpgrmﬁ&@ﬂq)({tﬁg sol ubility and dissol ution
experiments were c[ondggltegd,eﬁtn a| meplaiun) of HCl buffer,
pH 1.8, containing 1% sodi um | AuFydm sSlul fate. Form A
was found to be unst aRlse Foim hhel medi uny converting to
Form E. The sol ubi[THl85: ®mEOf ™ A B and E were
estimated to be 6.2—%4?, , 47 /L,
respectively. The .Smhg?iﬁfffy. mc§ 1 Forms A, B, and
E were estimated tloroBRBgoalty gl 348 o0y 0. 23 g/ ni,
respectively. 6.8. FamARgsolut - ot onetry Met hod
Devel opment A UV- Vi_Eorgibissshutianhe  diAssol uti on nedi um
(bl anked with an emptrn EDivselutiar) | was _dope to identify
any interfering peaksmBDiswhlidn pealB atj 225 nm was
present as shown i hehidRibiesoddon | 25 ESOl uti ons of
3_ (4-am no- !'OXO 1y %pr‘mEDissolugior.l_ - | . i
di hydr o-i soi ndol - 2- T)y-pirperidine-2,6-di one at varying
concentrations were analyzed by UV- Vis
spectrophotonetry. A prelimnary scan of a 1.0 ng/nL
Table 8t RoranAvBxdubilitye, with the i nstrunent bl anked with

di ssol ut+er—+wethtum—The—sptutt+on : r bi ng
and noi $y—f+5imeBant (mingq g M,—.W

necessaty. A Q o4l ng/m. solution of 600
3- (4- amino-1 - oxo13 3 6.1
di hydro4i soi ndol 3@-yl) - pi péridi ne- 36.18, 6-di one was
t hen scanned frown200 - 300 .nm The pliot was stil
noi sy between 20@pand 230|rimas shewe in Figurg 48.
The sanpl e was Tyt her difdted to 0.Q@8 ng/ni. A
wavel engih scan of 200 - 350 rimftor this sanmple
showed a peak a 228.4 rimwith no -26 WO 2005/ 023192
PCTI US2004/ 028736 interference, as shown in Figure

5 Tablk®: Faver Bryolebility wavel ength of 228.4 was chosen for

analysts of [Ty sgblbl (Y T Ucoicawahl Wy 2Pl es- A
Si x- poi nt catH+bt ot Qi Cctt ve—yas genc L

st andar ds ot—t+he—foll-ewnRg—¢toneents aL% ers+—04 001
ng/ nL, 0.002—ng/m 1. 005 it 0044 ng/r | 0.015
mg/ m., and | 5.0 0280 ngy/nd  (Not eboolk?-B69. an) | A

t

linearity coefficief® of R¥ 0 999%.3as obt a| ned as
shown in Figure 50.96.8.2.2 $ol ubilil3y A sanp|e

consi sting of 449. 413090 Form A was slagiried in -
di ssol utionfmedi umgygParticl ¢ size wag not cohtroll ed.

Alhi quots were takenggl 7, 15 30, bU;¢ 90, and| 150 m n.
The

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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10 concentration reached 6.0 ng/nL by the first tine
poi nt. The highest concentration reached'was 6.2
30 mi'n. Fromthat point the concentygiiabh/028736
Wérg@P %1%2% reaching 4.7 ng/nL at 150 mn as in Figure
51 The solids remaini ng at the final tine point were

dDb XRPD_.and f. F
ot St eREFTSREIES! R DA BB 1t AYGAoBER DEdLaP ghqpter on
mtn}xg]@ dﬁ%lﬁt“r‘&r[‘utﬂﬁ!eﬁ %ngoﬁﬁnﬁ@l?qg@ fgaetabﬁ’ Bf Hodhs ' Rland |Bat S%%Hn aliquots,

olubi ity off 15 Form E may be | ower
begini'mag at ﬁmm aﬂd smg et Ypmsi, sterertgkemftoMntmmgangmdlthaﬂ“he
slurrled!aﬁi’qsolutlon medj. Partléoe i ze was,not .
expEEROR BIPIER INARALUEOHIPTYdRE i a TRt o %510 & R Crgger minute
for ﬂ(f%xpforéxgoTh@Fgrrﬁ 0% @hﬂlem'; efsrﬂoﬁe fyté%?lhé!ﬁﬂe MG CSEHxﬁ’ons and added

owW y t han FormA reachi ng In 90 mn.

-~ to tieqnaphfor adrhparisshaSdei Pzglmtcéﬁ) 51‘}@ F—orﬁ Bdmgdlmhoratatet Was O 21 mg per

Sfinal three oints i.n Fi ure5 The
o’ PEHRITHS: al@tﬁqaggyg&ew %Phﬁgonliaﬁﬂ BOFES maﬂﬁa% Chis is in
line fitheHt Qﬁiédrﬁ%afé?lr UIE PI ol egpl i VBB dride foﬁn‘@@ﬂﬁ:"renﬁmna solids

summary of the so s given'in Table 6.
did astehaige idiaspodseed at each tinme point are shown |n

Tabl es 8 gnd 9, Table 6; Sunmar Resul
S B Req0p SRPAFRALLizs & BT OB 270, 6 o Py & and B. The
Fon!nrﬁ é}dﬁgﬁfn%nt (%5 an‘a sams Woh® Mhtéf andh &Ry mem%aﬁ@fo% coiigmoﬁ (See
23 0.29a Form B 5.8 ng/nil

Fxglﬁe 39). (Nigd ah@mmerﬂaHemegm:u@g a1 pirpsdoeiing &5 58 milthdhe
isspFigR B 0 2o P2cEER 22 FE P O Py oD@V for Forms A,

‘B, AYE AL JiRbRLbAYRE for %ﬁ%@@@@x@&%ﬁ&ﬁ was low, while the rates for

PCT/ US2004/ 028736 Table 7: Experimental Details
Forﬁx Bemid FewereBimiar to Hyrsmfoymdds dedirfioperimant. Bt @sl@éldvelddhahm this

case, a %un ayer gf t§8 lF%prhlA Ez*nlﬁe dl: R %%a%’!:&f@el‘téé Yo Borm 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 * Form E*
5 min 5.76 10.80° 2.70
10 min - 1.73 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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Form A Di ssol ution -

Di ssol uti on

Form A Dissolution A Form B

- Form B Dissolution B Form E D ssol ution

woBoosi25 E Di ssol ution - Table 8: Form A Sol woir/uisz§04/028736

Time Point (mn) Concentration (ng/nL) 7 6.00 15

6.11 30 6.16 60 6.10 90 5.46 150 4.73 5 Table 9:

Form B So|

Tabipd} IntripseDbepiicdon E¥ergaistibe? Ry

Concentration (m

94 90 3.34. 180
5.67 420 3. 7¥Rep8nO SF(ﬁ;ln@s . %rosm BAt f 1 Feym@® *Di|Ssol uti on
Appr oxi mal:]I ys%Hﬁ’ eq@a FOrpgp AlangoB wegre
conpresse o—disks . the—Wuops appakat ug usi ng 2
netric tong ,\h & co‘urebzﬂm sa\.&";‘g;wca wc%é’?buusequegtly
scraped . 10 8UPn gf quddgen yl: LneLambl O" by XRPD.
The study Shod@eint hht dh#pr elssiBi2and ghi$Rdidg does
not cause g fé¥minchangesdn ef t hdB3cage ”(7% Table 7).

Two prelim

nasymidi S$ol we.son

F uns.9%er ¢ pétf2or ned. The

di sks fract{ur eglmih0 $0omes.ext ept 3iiea bot haeadper|i ment s,
conpr om si NG L& €dul hgENT | of sia@nstiants gur flace ar ea.
- 28 150 min 35.26 49.54 40.82

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

6.9 ANALYSES OF MIXTURES OF POLYMORPHS

This invention encompasses mixtures of different polymorphs. For example, an X-
ray diffraction analysis of one production sample yielded a pattern that contained two small
peaks seen at approximately 12.6° and 25.8° 20 in addition to those representative of Form B.
In order to determine the composition of that sample, the following steps were performed:

1) Matching of the new production pattern to known forms along with common

pharmaceutical excipients and contaminants; '

2) Cluster analysis of the additional peaks to identify if any unknown phase is

mixed with the original Form B;

3) “Harmonic analysis of the additional peaks to identify if any preferred

orientation may be present or if any changes in the crystal habit may have occurred;

and

4) Indexing of the unit cells for both Form B and the new production sample to

identify any possible crystallographic relationships.

Based on these tests, which can be adapted for the analysis of any mixture of polymorphs, it

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 dqsage formulation for a 25 mg
single dose unit of a polymorphic form of 3-(4-amino-1-oxo-1,3 dihydro-isoindol-2-yl)-

piperidine-2,6-dione.
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amincaj-exodf3 digdeeasomdolshytmpatidine- Abydidrewemponess tregatsed through

Form E n exposure.to - t.er. S. i S .supported .
2 sciop sy I IEn SHroRLag (oeHoatel 510 A heSiomMeR Wb o hagle insert

and blRnB&Ero? AbsRI16 Ik RXPEhE BRBhesiukh Stehafeli§ PELLAMrARN £IcReen (ie., a
of the undi ssol ved solids does not indicate a form

210 ghaseeren) pohedded to thiedibiysiond¥lixen eThechigndeis theslencapsnlated in capsules
. EXROS Q . enlher te, the 20 true intrinsic
usm%?@%%?%fl&é’ﬁ@é@le%];[mééﬁﬁ%ﬂlq's believed to be close to
0. The BBtiR&CoHE thielinvEntioh & nominiited bl fthecdpRbific@btamplet Mescribed
of Form A was_avail able to repeat the experinent. A
hereig, s ynose reagdy ppderstaed svith wsisenge tothe pppeaded slagpsen in
Tabl e 6. The anobunts dissolved at each tinme point are
summari zed in Tables 10 and 11. Table 10: Intrinsic
Di ssol uti on Experinent #1 Results Tinme Point FormA
FormB 8 FormE" 5 mn 5.76 10.80 b 2.70 10 min 7.73
6.85 4.13 20 min 11.31 10.25 6.96 30 mn 15.59 14.35
9.60 45 min 21.98 20.57 12.57

Earne A R and E Tha diccaliitiAan rat o finyr CArm
LEA4AL} LILE =4 ’_‘i U, CATTU — LILLA >3 A\ LINE™ K™ A w “uld JTT L% LI T T T \JT Tir
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60 min 27.11 25.70 15.16 90 min 34.17 34.34 20.82 25
a. Results are reported as Cunul ati ve Anmount Di ssol ved
per Unit Area (ng/cnR) b. This date point not included
in graph since the value_is gigher than the next two
data points. -29 WO 200%5g¥3192 pPCT/ US2004/ 028736

Table 11: Intrinsic Dissolution Experinment #2 Results
Time Point Form A FormB a FormE 5 mn 4.50 5.04
3.06 10 min 5.22 6.12 4.31 20 min 7.54 7.73 11.40

30 min 11.46 12.72 11.93 45 mn 15.01 17.33 14.72 60
mn . 18.38 21.93 18.52 90 min 24.38 31.64 26.24 120
Imi n J0ysslling. 34(438niBe6-1-0x69,3nidih3Eo-2windol 2 4y1 xpipgndige-2,6-dione

naving a5 9o o FF ERRG B i UL Ao R RRNEE 145
17.5 deghéeh ¥BORPHS 5 This invention enconpasses m xtures of

di fferent pol ynorphs. For exanple, an X- ray
diffraction anal ysis of one production sanpl e yiel ded

B PatTRy Rryshlline 30UainiRg-1io4e-13MalHydrPREHE B2 )-fperidine-2,6-
approximately 12.6 and 25.8 20 in addition to those
dione of rcégimels eviteatin Ve petteFofumhBr comprisss geakstad approwimatele 16,80.5, 24

conposj tion of that sanple, the followi ng steps were
and26dﬁ@%&8§%ed: 1) Matching of the new production pattern

to known fornms along with conmon 10 pharnmaceuti cal

Xci pi,.ents and c mnants; 2) d.uster.analysis. of ..
 fhe S cheing cHER R R Y AR IR AN T PpRidne 2.6
dione of Faimi™l ¥8& h¥é b Rifeien®dl isBinhdly E6IMEry Aeltiiadl @RPEGture maximum
anal ysis of the additional peaks to identify if any
of about@76f€rred orientation may be present or.if any

changes in the crystal habit may have occurred;

4. Crystalline 3-(4-amino-l-oxo-1,3 dihydro-isoindol-2-yl)-piperidine-2,6-dione
having an X-ray powder diffraction pattern comprising peaks at approximately 16, 22 _and 27
degréeé 20.

5. The cfystalline 3-(4-amino-1-ox0-1,3 dmydro-isoindol-2-yl)-piperidine-2,6-
dione of claim 4, wherein the pattern further comprises peaks at approximately 18 degrees
29.

6. Crystalline 3-(4-amino-l-oxo-1,3 dihydro-isomdol-2-yl)-piperidine-2,6-dione -
having an X-ray powder diffraction pattern comprising peaks at approximately 15.5 and 25

degrees 28.
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15 and 4) Indexing of the unit cells for both FormB .

and the new production sanple to identify any

possi bl e crystall ographic relationshi ps. Based on

these tests, which can be adapted for the analysis of

any m xture of polynorphs, it was determ ned that the

sanpl e contained a m xture of polynorph forns B and E

20 6.10 DOSAGE FORM Table 12 illustrates a batch

formul ati on and single dosage fornulation for a 25 ng
7. Si nFhe ce@&linenBL(4QkniRo-Pekot®rdilydeoiseindoPR-yl)-piperidine-2,6-dione
"~ 3-(4-am no-I|-oxo0-1,3 dihydrofisoindol-2-¥l)- .
of pﬂl%@r-iéd thee-hesea diigiseentialy scanning) gslogms ity thermogram comprising

: X ion for a 25 ng
o ST hrer A e A T GRS ant 11y Ve gt

(mg/tablet) (kg/batch) Polynorphic Form of 3-(4-

: 40. 0% 25,. 80 .k am, go- k.- 0x0-1.3. di ro. .. .

5§ sl PGNP AT aReS2. ARt 2bll aiheritingp o-dione
hawing Bn Stay PowddiFdBRadlindatRrendtistfy beaksMrgpsokimately 27 and
~ Stearate 0.5%0.31 ng 0.21 kg Total 100.0% 62.5 ny
28§%¥9§:¥5-The pregel ati ni zed com starch (SPRESS B- 820)

and pol ynorphic formof 3-(4- am no-I|-oxo-1,3

~di hydro-isoindol -2-yl)-pi peri di ne-2, 6-di one conponents

9. ar e Thaswewllinkrlo(fgiming-leoxedi3edihydrio~isoindel-Z-yD-mpegulineeh$-dione

d_t - i ' . it h baf f | . .
of Ry 8Tl W o8 e RopPb st Med Pl ey e BiiaB], ofrgpisine
endttlemma xdthi iBaxyima st dbdun1 22Yhad shone2T0°Cl..e., a 210 tm

screen) and added to the Diffusion Mxer. The blend is
then encapsul ated in capsules wusing a Dosator type

10capepstllidd | BOd-dmakiRRe-1.8he dRRlioLiSoiadAPE y§ pifdHddne-2,6-dione
invention is not |limted by thé specific exanples.
hajeg eniXeay pa@derediéiractiopupaticsn peypRrisies @i pepk i depyxdpately 20,

24 W h8 266k gg%f to the appended clainms. -31 CLAIM5S 1
Crystallgﬁe -(4-am no-1-oxo0-1, 3

di hydr o-i soi ndol - 2-yl ) - pi peri di ne- 2, 6-di one
11.  The crystalline 3-(4-amino-l-oxo-1,3 dihydro-isoindol-2-yl)-piperidine-2,6-dione
of claim 10 that has a- differential sca.nning calorimetry thermogram compri_sin_g

endotherms with maxima at about 99°C and about 269°C.
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havi ng an X-ray powder diffraction pattern conpri sing
‘peaks at approxinmately 8, 14.5 and 17.5 degrees 26.
2. The crystalline 3-(4-am no-1-oxo0-1,3
di hydr o-i soi ndol - 2-yl ) - pi peri di ne-2,6- dione of claim
1, wherein the pattern further conprises peaks at -
12. apbirpstalitae eBy(4-b6in&0-oxp- m dihmdtozfsohhdgk 2gb)-pperidine-I6edione

1] o- |- _
ha G BB HiFS LB B3 E eising Beskgpbppremaledy 119
and hakgRaso®@ differential scanning calorinmetry nelting
tenperature maxi mum of about 270-C. 4. Crystalline
3-(4-amno-I-oxo0-1,3

5.2 RO S PR B L0 S

of chippri@xthatlizs| aydifferenfial sannidg caldeigreasmdfing empEinre maximum

of aSk hllne3(4arrinol-ox013
?ﬂ'}é"?uéo f soi ndol - 2-yl ) - pi peri dine-2,6- dione of claim

4, wherein the pattern further conprises peaks at

approxi mately 18 degrees 29. 6. Crystalline
14. 3_ @ysé@:ﬂlﬁ@ 13-@xagninod-oxo-1,3 d1hydro 1somdol 2-yl)- plpendlne 2,6-dione

o WSS O Bl 00E I

degraesi®xi mately 15.5 and 25 degrees 28. -32 7. 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

. 6 ThB @tyshdisne3-U-hintienbiRl, 3 ARFaAR- ﬁGmG@i 241 EbEme-2,6-dione
" ther.nogram conpri sing endothérms with maxing at about ~

of cl@g’g@4 g,t hasadiffemotal sgam@pg, salgrimelyy melting temperature maximum

ofal?blftﬁr no-1|-oxo-1, 3
di hydro-i soi ndol - 2-yl ) - pi peri di ne-2, 6-di one having an

X—ray povvder diffraction pattern conprising peaks at

6. ?r}/s ?IFH%]S%( %%nglr(h oa(%?l 335 ggh_.%'%gp—%gindol%-yilsbpelperidine 2,6-dione
hav1dg iy (- Eryi goovdeel Qiffrdetion)papemesontirite fal aodfrodmatel 2l 5n
8 that has a differential scanning calorinetry
degregiethogr am conprising endotherns with maxi ma at about
122C and .about 270C. 10. Crystalllne
3-(4-amno-I|-oxo0-1,3
17. di Ahelr oryséadiime OB'-(Q"aWII)O-b-rO{leflﬁdl dibydrpGsainduie- ylp}pxpengmariz 6-

I 0 |ffr attern risjn
cionf by By o e 0L R0 e RSty B riing
an endothéral bemse:eﬁ -504€ aimt rbohit- 1OC1and an endotherm with a maximum at
' b di g%‘ﬂ;o-i soi ndol - 2-yl ) - pi peridi ne-2,6-dione of claim
abouj g t has a -differential scanning calorinetry
t her rogr am conpri si ng _

18.  The crystalline 3-(4-amino-l-oxo-1,3 dihydro-isoindol-2-yl)-piperidine;2,6-dione
of claim 1, 4, 6, 8, 10, 12 ,14 or 16, which is substantially pure.
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endot hernms wi th maxi ma at about 99C and about 269C.
-33 12. Crystalline 3-(4-am no-I|-oxo0-1,3

di hydr o-i soi ndol - 2-yl ) - pi peri di ne-2, 6-di one having an
X-ray powder diffraction pattern conprising peaks at

19, apRr QixRRE ebf’ ﬂ'n% g%% 11rean3jg42§mﬂl%qrcﬁ(%si 32 QihyldRo-isb}iol-2-y1)-

crystalline 3-
plpeUdlnﬂ;'-@rﬁedlpmnﬂthmfiyor)i ptnqaﬁlemmymh@ B-@ammiso-ledxoel, hidihydro-

lsom%oll_%_lyﬂgm?e%%m% a{sfd§»°%%e t| al. r@caplm ng calorinetry

enper about 269C. 14.
Crystalline 3-(4-am no- I-oxo 1,3
dlhydro i soi ndol -2-yl) - pi peridine-2, 6-di gne .. havi.ng

20 x- ASPIRRARGOR OPIRrsHEt NP RSt %E%a@&%rqxgrlégdlay@r@am@ol -2-
yl)- ;g;sh@fd%m%dé 283d &gaélﬁﬁé R4 -arthho-118R-1% Yfifhydrd -t dfhdol-2-y1)-

am no-1-oxo-1
Plpedﬂlmy@s@dloggloﬁd]@imz 416, 9pihdi5i t8rer 20.6- di one  of claim
14 that has a differential scanning calorinetry
mel ting tenperature maxi num of about248C. 16.

21. O ?}ZB&B abxlanQn@ra bflcaﬂﬂmm |w1ﬁ&l®c<ém§nses greager than ark])out 50 weight
y I S0j ndo pi.peridin i.one avi ng an
Percsat Ry “BRIPPT '86?)18ﬁmﬁ’§{0t~é'ioﬁld@§?rﬁll)rl§PWJ§ galionst
appr oxi mat eI y 15 degrees 20. 17. The crystalline
3-(4-am no-I-oxo0-1,3
22. di Ay phamiaseitinab| campgsitiop; pempdslng eraallmﬁoad%tmm kbxo-1,3
r canni I I
iy bSOl Bt E LR o SR P e Bl s  cx g amd &
pharﬁhmﬁtlcalzﬁﬁboaptdbﬁmxeipﬁkm hermwi th a maxi num at about
269C. 18. The crystalline 3-(4-am no-1l-o0xo0-1,3
di hydr o-i soi ndol - 2-yl ) - pi peri di ne-2, 6-dione of claim
23. The ﬁhar&ac&tlcé-loconﬁ%snﬁ)ﬁ S cldif 2mﬁ‘éi‘e1h9the99(§}ﬁfa§smdrpislay single
pure. - . A nmxture of the crystalline
mtgomemo I-oxo 1, 3 di hydro-i soi ndol -2-yl) -
pi peridine-2,6-dione of claim4 or 5 and the:
crystalline 3- (4-am no-1| -oxo-1, 3 di hydro-
24. i sbsaabd therapeytiqailper ipttiphglaltiGallyi cffmtiwf arobantrof tfysaitlink B-(4-

oo TSR SR IR i 1.4, 6.8, 10,12

14 oyl 6 inphgeanthdteref ﬁfﬁﬁcﬁﬂaﬁleﬁﬂﬁbr &Eatﬁfg&lir bteﬂaltmg cancer.
3-(4-am no-1-o0xo0-1, 3 di hydro-isoindol -2-yl)-
pi peri di ne-2, 6-di one of -claim1, 4, 6, 9, 12, 15, 18
25. Or TROused¥ claih ©4 SHERGS the icRitePfs aCloBll Finddtor W¥o&Born tumor.

conpri ses greater than about 50 weight percent
crystalline 3-(4-am no-1|-o0xo-1,3

26. I D¥I6Pa SQLAAREAIR & droBhiSidatll WBtedin? SARRE of crystalline 3-(4-
amino-]-oxo0-1,3 dihydro-isoindol-2-yl)-piperidine-2,6-dione of claim 1, 4, 6, 8, 10, 12,
14 or 16 in the manufacture of a medicament for treating or preventing diseases
associated with undesired angiogenesis, inflammatory diseases, autoimmune diseases or

immune diseases.
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22. A pharmaceutical conposition conprising
crystalline 3-(4-am no-1|-o0xo0-1,3

di hydr o-i soi ndol - 2-yl ) - pi peri di ne-2, 6-di one of claim
1, 4, 6, 8,10, 12, 14 or 16 and a pharmaceutically

accegpt abl e excipient. 23, The nbh utica .
27. 8ot BsrbpiRefl o 5oty hifeaRh FRBRE SAR of grysipling 3--
amiib¥gloRo-1indihydtosegeddiory-pPdridibls e 6adione sthasiapeud,ic; 3l 1y, 12,
or_prophylactic ally effectiye anpunt of crystalljne .
14 or Yiyin factysepf o' medicament for treating or preventing a myelodysplastic

syn%i_o dro-isoindol -2-yl) - pi peridi ne-2, 6-di one of claim

, 4, 6, 8 10, 12, 14 or 16 in the manufacture of a -
medi canment for treating or preventing cancer. 25. The

use .of claim?24.wherein the cancer.i.s a solid.tunor. or
28,07 0% 8ot FrermicHIS o peie e SO Rireer rinf by aling's-a-
mnmqumllm Hﬁﬁgio)éisafnﬁspl-iyll)q)ipe”fmmma,Gfdi@ercﬁTcﬂéihi net,%; 8410, 12,

am nog- | - oxo- 1, . . .
14 oty §r &1 itBei wapniastug ofpr pBiedigrment fet dregHee ofr dreyesfing a
myéiogfbiife@atix%?ig&se.lz' 14 or 16 in the manufacture of a.

medi canent” for treating or preventing diseases

associ ated wi th undesired angi ogenesis, inflamuatory

di S t 0l n i ' i €s,. 113
29.57 ORGP BT &1 PlopRREafl oMM R B Senind3.co
am@bflesbl B dihyaionisoRido? yWhtppéridige- 3,6 (Moneasfl ddgiml1,-RBL1EG 12,
di hydr o-i soi_ndol - %-yl ).- pi perJ di ne- 2, 6-di one of, claim
14 qr 16/in the mgnufacure pba megicagent{fgr frealing ar BEKENUAE PARe of a
nmedi canent for treating or preventing a -
myel odyspl astic syndronme. 28. Use of a :
30.t hedsgpefia theripeytiaatly or ppiphl lacticadlsileffpctifer apaauny of emystaline 3-(4-

f crystalbi - (4- WN0-1~ 0X0~ L, .

amfRorlolsb et F dib Ao} FI e AE2 b dlong of leigy 1 8 1012
14 4r B, 8 thel hantifacturd Hfoa nigdlicamenh domtraatingc bupeevefitimg macular
d neditgament for treating or preventing a
CEH)TPOPYol i ferative disease. 29. Use of a |

therapeutically or prophylactically effective anpunt

of crystalljne 3-(4- am no-I-oxo-ll_,?S, . .
3L.4gi hiksrwse o€ shamm 8t 25 ¢ 2 1o Lpet) i Nevherein thegmpstajling.3-44-agnino-1-
oxot1,34 dih§droBsoindbl-2LA)-pipbAdiAE-2k0dibi ti8€ skl 36t WSl Obaréhteral,

medi canent for treating or preventing pain. 30. Use of
trangdetvel . apeesile nasay topicad rop phlingweli agatinigtratidnect i ve anount

of 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 of claim
32.1, The @se &f déim 13, whekiwrthd Grystallitee 3a@ranfiacd-oxe-1,8f dihydro-

solfgyehEn aiepine 21 Spne e KR o TBEn 06 27 s,

29 or 30 wherein the crystalline 3-(4-amno-I- oxo-1,3
di hydr o-isoi ndol - 2-yl ) - pi peridi ne-2,6-dione is )
33.5ui uge fobr claimy| 32 ydicese dhg | crystalline 3-(4-amino-l-oxo-1,3 dihydro-

* isoindol-2-yl)-piperidine-2,6-dione is suitable for oral administration in a tablet or

capsule form.
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transdermal, nmucosal, nasal, topical or sublingua
adm ni stration. 32. The use of claim 31 wherein the
crystalline 3-(4-am no-I-oxo-1,3 di hydro-
I soi ndoi - 2-yl)-piperidine-2,6-dione is suitable for
oral adm nj stratl on. 33. The use of claim 32 wherein
34.i hd b@rlg,s§tqf ¢lpigp 33 \(/hﬁrglfh the theréggélngalgl = gwhﬁlactwely effective
e I is suitable for
am%@gis admaﬁ?%,ttdrg{)fln :1%6 Ihﬁ(hﬂ%@gfg }?érggf capsule form -36
34. The use of claim 33 wherein the therapeutically or

pr aphyl acti vel ffectiv from bout .1 .
35. by TR UG Gt iid 38 gviGER B FERPEcRUD, ot PR Rl vy ltective
amcyﬂihefseﬁcb‘mfaBGuttﬂlﬁg@(DEbﬂm Q8lnlgypeRidapr ophyl act i veI y

effective anount is from lE)out 5 nmg to about 25 ngy

per day. 36. Crystalline 3-(4-amno-I-oxo-1,3 .

36. d'@%%ﬁldeso Rk igeY Io)coﬁ’?pe&lﬁ{iﬁ%&%ﬂ@dl%-&??ﬁg&ﬂ’ﬂe@g6—631ione
erenti a scanni ng ca ry er no _
havignp rdlﬂermglaé redaririeg wslovivtelry therviogeanatconiposing leh@otheans with

-~ abou ne 3-(4-amno-|-oxo-1,3
ma’ﬂ@ﬁf&l? 4%15 éé‘fld%%)/fst;% eri di ne-2, 6-di one havi ng
apprOX| mately 0.46 noles of water per nole of

m _no-1| - oxo-1, 3 di gdro-
37. s&rﬁ%liqu y3-{4-pmper j-exnb3 2, dihyigrisoindgg-2- @ylﬁsladlm A6-dione
h: amin -
R SRRTARCY QU oIS of water pormole f 3-(famino-l-gge-L dibydro
isoithdrd &syldpperidthei2 didrgt i | es on a wei ght basi s when
heated to about 175 C. -37
38. Crystalline 3-(4-amino-1-oxo-1,3 dihydro-isoindol-2-yl)-piperidine-2,6-dione

-which loses about 3.1% volatiles on a weight basis when heated to about 175 °C.
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