; <=>?e3edvdnnoq EL POLYMORPHI C FORMS OF Cl PAMFYLLINE 5 FI ELD
_OF THE INVENTICENW&MNMNWWMMHB& This invention relates to novel crystalline
. polynorphic forns of, fihanfylline, and to nethods for preparing them 10
BACKGROUND OF TH he capacikty to occur in diffefgmiipGrysodal
, .Structures is kngwmmyﬁmEQNWMerhlsn1and is known to occur |n nany organi c
conpounds. These ystalllne fornms are known as "pol ynor phic
modi fi cations", or "p8M¥brphs" and are 15 realized in their crystalline
state: Wile polynDrphlc nmodi fications have the sanme chem cal conposition,
they differ in packing) ge¥VetPPeRYORFHGHEMTERCIPAMILENRer . descripti ve
properties; of the crystalline solid state. As such, these nodifications may
have different solid-state physical properties such as shape, col or
density, hardness, deformability, stability) and dissolution properties,

etc. Pol ynor ppmquqm{pmnqlm drug nol ecul e and its consequences w | |
be appreciated by the.skilled artisan

1, 3-di - cycl opr opy! R HYEIURnIRlalRS t?&ﬁf’ﬂlcFVé&ﬁH‘&é’okWrEh‘Eﬁ?%l°foiP?meﬁme

CL3H17N502, mand.to@etRods. farlprepdﬂi tthemf ol | ow ng structur al formula: 0O HN N

/[~"NHz O, N N 25 Its synthesis is described in Exanple 9, in Maschler et al
Great BPitain Patent Application No. 890679Z.0 filed on March 23, 1989,

in its correspgﬁtl{@g(ﬂﬁmmmEEﬂvm and correspondi ng US Pat ent

5,734,0S 1 whose d.b}rc osures are . %i‘fﬁ ? ratetfl erein. reference in their
entirety 30 G panf J19 G3RECTYL0 oopsHn dFRteR st a%tP?S&SéPW‘c} n the
treatment, i nmdlymbd gxsmrannhs/ltmnsto adcurlinyeayerginit esmpmnidat Thedehiiffeanyt. 2

2ot ity Fﬂoﬁcgz%ﬁﬁ? gt 8 WA B0 BP0 B O AR or, DBt sl
and i s tHér efrealzed sretheir crystajline stateammpplvmoquummgiﬁuamphwa&«trm safne TNF
etc for the pargical &nfRosiiol I8P uiteR B fihing ERANEr (4 bifinecid, 403 3y T S0
treat ment of ctm@mye@rmlqs@f theugstallinesalid skate. hAs peedic Hiess mﬂrfaatlonsmayt he
Esser et al. g& te{gfere?@eéndcﬁatb stmw%i%eme%@haﬁwﬁa%@rcem RERiROR&hfRds herei n

by reference | elr entjret
deformability, stability, and dissolution properties, etc. Polymorphism of an organic

20  drug molecule and its consequences will be appreciated by the skilled artisan.

Cipamfyliine, 1,3-di-cyclopropylmethyl-8-amino xanthine, has the chemical
formula C13H{7N504, m.w. of 275.31, and the following structural formula:

oS
W

25 1ts synthesis is described in Example 9, in Maschler gt al , Great Britain Patent
Application No. 8906792.0 filed on March 23, 1989, in its corresponding EPO patent
EP 389282, and corresponding US Patent 5,734,051 whose disclosures are
incorporated herein by reference in their entirety

30 Cipamfylline is a PDE,4 inhibitor and 1s useful in the treatment, including
prophylaxis, of disease states mediated thereby.



10 This invention relates to a novel crystalline polynorph of the 1, 3-di
_cycl opropyl net hyl - 8-am no xanthine, referred to hereinafter as Forml,

whi ch form of such conmpound is useful in the treatnent of PDE4 or TNF

medi at ed di seases. This invention al s? relates to a novel ¢sygpdl 2002

.pol ynmorph of the 1,3-di 15 cycl opropylnethyl-8-am no xanthine, referred to

herei nafter as Form |1, ,.which form ) und.is useful &n the

treat ment of PDE4 &an:*f}'lll_lﬁe Wéﬁ?lé? gﬁdglgesdztgglelégW‘ﬁ%ﬁ\'}gﬁcﬁg‘ﬁygjlg%gr%l%lit es to
a novel crysPEMVUS2L/PBTinflspipublishedas EP 3586 %3)chmabis apsrefont hsefiuldn are no
xanthine, re : i . r : i f )

conmpound is Ergét?n %ﬂtﬁﬁlﬁgéagﬁlﬁé%?ﬁﬁ@f{%dr &Qk%@%%%g%gtagllesaggﬁggs BRI EF
DESCRI PTI ON @BsageiforDRAxdNESagd 1Bngds, ets  for cheap@gmerphstdf chiXimvantigrofod ese in
diffractigon t r.FE I i S| i S).,., Hor i zont al
axis D fffac I éh&iﬁe@&@,trﬁaﬁﬁ%fq&%ﬁé} ll(lggb? g@é‘? )ln EQE%{}&% Ngasl&gga& al, or

charact eri st the Béseraey ab pater agpilititicmeﬂ*m&e gh_aclosw’ns @r@rinﬁupmatdd:he('exyeby i cal

axis: Int ens%&écgl?@}éeshj-%rﬁkégnt al axis: Diffraction Angle, in Two Theta

(degrees)). | e showi ng the Torsion Angle Tabul ati ons for
Forms Il and IV FIG 4 is a Raman spectrum of Form | (Vertical axis.

Intensity; LeyRf yﬂfrﬁ%%ﬁ%@l@@numer (crk - 1 >)). 3SFIG 5is a

Raman spectrum oqﬂ%r. ] xis Intensity; Lower horizontal axis.
| Yavenurter (cnx Thig inveytion refptasgoagtove! grgealiipg polysiongh ef thardeindispect r um of

Form 1V _(Ver bcfidtoiith hyll LRI dakitided pEErriOtd Bt FRrm IANARNIRAI of O -

1>)). FIG rEE,arlson_ of the Raman spectra of all three forns. Form
I, 11 and I \s#chgempendisupefihin the reatwenief Bl en THFF medateddireases1 (Verti cal
axis Intensity; Lower horizontal axis. Wavenunber (cnx - 1 >)) FIG 8 is a

conparison of the_ Raman spectra of all three fornms, Forml, Il and IV, and
the region of |oo'6msweeta§n1§sw&tﬁte§m%f @ystﬁlﬁﬂ%aelymrpme@@ﬁ Ko zont al

axi Sé 1Q Sl\c/\ﬁvfmlb@hﬁfyl1{1&Hﬁ-&-arhﬁxo)ﬁamlﬂe@ref&rédstoah&@iﬁméﬂ BT, WigcRmmn
spectra of a

fJ t.hree for,nms
400-200cm 1. %

, Eqrm.l, 11 and and e region. of
Syl eorEe s useRiin rsrasm SR B apt ThEasdilss Giscaagsenunber
(cmk - 1 >)). 1~ FIG 10 depicts the Form 1 nolecule in three dinensions
and with a | abeli scheme Fl G | | provides for a stereo awi.ng of the
Form | nol ecul e. 28° BVEHRR "g??o‘ﬁéat%f‘]t?ﬂoev eﬁ?“”éﬁﬁﬂ" BP elbgptili“ﬁvlmﬁ?ﬁéét roms for
t he Form | neycleprdpyimdthyh-88mmbotanthine] edfereedfo HweidaffergdsdFormid VDedichdsmi or t he
Form | g ec&-l sfich compound is useful in the treatment of PDE4 or TNF mediated diseases

BRIEF DESCRIPTION OF THE DRAWINGS _
FIG. 1 is a characteristic X-ray powder diffraction pattern for Form.1. (Vertical axis:
Intensity (CPS), Horizontal axis Diffraction Angle, in Two Theta (degrees))

FIG. 2 is a characteristic X-ray powder diffraction pattern for Form II.
(Vertical axis: Intensity (CPS); Horizontal axis: Diffraction Angle, in Two Theta
(degrees)).

30 FIG 3is a table showing the Torsion Angle Tabulations for Forms I and IV

FIG 4 is 2 Raman spectrum of Form [ (Vertical axis. Intensity; Lower horizontal
axis; Wavenumber (cm< - 1>)).
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FIG. 5 is a Raman spectrum of Form II. (Vertical axis' Intensity; Lower horizontal
axis. Wavenumber (cm< - 1>))



FIG 14 shows a Table of Torsion Angles in Degrees for the Form I nolecule
S _"S FIG 15 shows a Table of Positional Paraneters and Their Estinmated

St andard Deviations for the Form1 nolecule. The x, y, and z fractional
coordi nates indicate the position of atons relative to thevgrAthngzt he
unit cell, and B(A3) is the isotropic tenperature factor. 30 FIG 16 is a
characteristic infrared absorption spectrumof a single crystal of Forml.
FIG 17 is a ElarGisadtanshispedtum af Bomab¥ of\driicd) agiseltrensity,dioveersionighreal
crystal of Fo I 18 js\ya characteristic infrared absorption
spect r um of ag’g%r% V}“@?’%% R m v 4 18 April 2002 FIG 19 is a
conpari son of characteristic |nfrared absorption spectra of the si ngI e

crystals of FIQIrC{m' 7ik 2 cHn no%he'%ﬁnar?%aécﬁla%gﬁﬁmg?ﬁ%\}ééﬁnf f

absorption spectrumin assi um br om Fiic
Tr ansni ssiSon gmthe c_amemyl Hmtclmslr@gloraaf B750¢ Vgiteeramto 6 erticahaxis' Int eﬂs)t} FI G 21

is a charact qfdx%r'h%n%&rﬁtﬁlaifﬁd“%ﬁﬁﬁrﬂﬁéﬁ?%gge? &Em i n potassium bronude of
, Lowvter

Formll. (Vertical axis ransm ssi on hori zontal axis:
(Wavenunber 10 (cnx - 1> )). FIG 22 is a characteristic infrared

absor ption spget lg'TIlm Q&H&rﬁéﬁlﬁf“% ﬁrﬁ(ﬁ%’ect‘?ﬁ oF [ frée E)lrﬁsfogﬁ tIla? dY o mi

characteristic rare sorption trumo a Crus
15 FIG 24 |§ndtbm¢§€@@t0§ﬁ9@(i-3 icmr}e( @awabgmp&nmﬁltssmmhnnmta asisushed

crystal ¢f chggelnymgé,qcmzs I>S)a conparison of the infrared absorption
spectra of a single and crushgd crystal of FormI1V. 20 FIG 26 depicts the

Form 1V nolecule in three dinmensions and with a | abeling schene FIG 27

provi des for F@GSQ%rae&JrﬁHaﬁ%Mtﬁé Kamnli@emwfﬂpdh?&bﬁoﬁns F%lnﬁr ﬁSAnEIWWS a

Tabl e of Bond%)stancesu? A&? r@for the Form |V nol ecule. FI.G' 29

shows a Tabl @$heEsEign &L 490%s¢ Cr‘i“lﬂeé eruicaliayss: {nfenstigy Lower hasjzoawd pes:
Wavenumber (cm< - [>)). s

15
FIG 10 depicts the Form I molecule in three dimensions and with a labeling scheme

FIG. 11 provides for a stereo drawing of the Form I molecule.
20 FIG 12 shows a Table of Bond Distances in Angstroms for the Form I molecule.

FIG 13 shows a Table of Bond Angles in Degrees for the Form I molecule.

FIG. 14 shows a Table of Torsion Angles in Degrees for the Form I molecule

FIG. 15 shows a Table of Positional Parameters and Their Estimated Standard
Deviations for the Form I molecule. The x, y, and z fractional coordinates indicate
the position of atoms relative to the origin of the unit cell, and B(A2) is the isotropic
temperature factor.

30
FIG 16 is a characteristic infrared absorption spectrum of a single crystal of Form I.

FIG. 17 is a characteristic infrared absorption spectrum of a single crystal of Form 11

w
N

FIG. 18 is a charactenistic infrared absorption spectrum of a single crvstal of Form
Iv.



30 FIG 30 shows a Table of Torsion Angles in Degrees for the FormlV
.nmolecule. FIG 31 shows a Table of Positional Paranmeters and Their
Estimated Standard Deviations for the FormIV nolecule. 3 ~ FIG 32 depicts
the Forml1ll nolecule in three dinensigns and with a | abeli | G 33
-shows a Tabl e of Bond Di stances in Angstrons for the Form ﬁ% %‘@Fgcﬁﬁlogz

15 April 2002 FIG 34 shows a Table of Bond ?angles in Degrees for the Form
|| ol ecul e. FEGA9 3 scempamsoa of sharacteistiv aifzdredhabsomtion spectDegf esinglar t he
Form 11 nol egu)igidoftdrmsI0 1Sy @ Tabl e of Positional Paranmeters and Their
Estimated St anéard Devi ations for the Farm 1l nol ecul e. DETAI LED

DESCRI PTION OF THE | NVENTION 10 It has now been di scovered that

G panfyl | i neppam e &Y t
pol ynor phi ¢ F g?rrs %ﬁfh@ﬁﬁé&%g?{ﬁ% r omf’desgll(.:pnaﬁ\éﬁ&:tﬁllrﬁynﬁl pﬂéells'rsx'ﬂgr% g%llmi&[ of

physi cal Jpr oﬁ@‘iﬂﬂll e@iﬁéé-t‘ﬁa'ffadéiﬂ'és@hQﬁhﬂ{qwgloﬁizo‘ﬁﬁ’eﬁ&&r éWaMWUWF@é"

t hese novel pob }_mrphl c forns are described in this application and are
herei nafter referred to, respectively, as Forml, FormlIl, and FormIV. 1 ~
O the three novel polynorphs referred to above, Form |, exhibits the

greatest stapjg. wtlys a"_dh&fﬁlc{erisﬁc ffraicdbesipzes s;bécttﬁnfﬂnrpomﬁhﬁtfbrf)hﬁ/cﬁ ofears
crystalllne tab |{, Thi s ventlonr(% ﬁ relates t Rg@mace tical
conposi ti on é %@‘c eSS OB iUnt-0 BT P&%’Pb VRGP with

any of tlioe c(rmr<ac1:er)) stics not ed herein) and a pharnaceutically accept abl e
carrier or diluent thereof. 20 This invention also relates to a

phar maceuti cal conposition conprising an effective anount of a pol ynorph of
Form 11 w t HFIah22ad$ atcheracteaistheinfnredtaboarption getctramedfia, crashed arystal of Form I
pharmaceutically acceptable carrier or diluent thereof This invention also
relates to a pharmaceutical conposition conprising an effective anount of a
poI ymor ph of FIGo2#is ¥ charattedstyc infratedabsdyptien siearrant efiai cstshed c5tah of EatrhHr ei n
w:d a phar maceutical ly acceptable carrier or diluent thereof This
invention further relates to the use of Form| for the treatnent of a PDE4
or TNF nedi &l6d24diisesbwacmristimafrawd absorpreetspentvmoti a opshed crpstahofiFarondyf i ses
admi nistering to said manmmal an effective anount of a pol ynorph of Form |
with any of the characteristics noted herein. 30 This invention further

rel ates to (HE. &8és arompamson ofithe infraeediabearphiei spestragf a single and crushed

crystal of Form IV,
20
FIG. 26 depicts the Form IV molecule in three dimensions and with a labeling

scheme

FIG. 27 provides for a stereo drawing of the Form IV molecule.

(8]
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FIG. 28 shows a Table of Bond Distances in Angstroms for the Form IV molecule.
FIG. 29 shows a Table of Bond Angles in Degrees for the Form IV molecule.
30 FIG. 30 shows a Table of Torsion Angles in Degrees for the Form IV molecule.

FIG. 31 shows a Table of Positional Parameters and Their Estimated Standard
Deviations for the Form I'V molecule.

FIG. 32 depicts the Form II molecule in three dimensions and with a labeling scheme.

[99)
U

FIG 33 shows a Table of Bond Distances in Angstroms for the Form II molecule



PDE4 or TNF nedi ated di sease in a mammal in need thereof, which nethod
conprises admnistering to said manmal an effective anmount of a pol ynorph
of FormIl with any of the characteristics noted herein. This invention
further relates to the use of Forleéor t he treatnment of ﬂ5 .

TNF nedi ated di sease in a manmal in need thereof, which nmetho pbn%&#%
adm nistering to said mammal an effective anount of a pel ynorph of FormIV
with any of the characteristics noted herein 6 15 April 2002 This
invention results froma determnation that certain batches of G panfylline
showed di f f eF¥acshowstanEable afFBorfl AnglpeintlPegrees for digtforad [ fmalesulepr egar ed by
the sane route with ethanol as the final recrystallization sol vent
therefore it pear ed possibl g that ed of crystallj zat on nay af f ect
crystal far nﬂ‘g {%$°MSGhTab3ﬁOfﬂﬁré'onr“’é’@fﬁféft‘ Qegfeféa@%ﬁ‘l’@k LBelecis epared by
crash cogjing a portion of the hot |IC]UId whil e the remai nder was al |l owed

to stand and crystalllze ach case tch. siz | g or
| ess. Sanpl eElGwerdsshgpisadl %{}-‘99 sqsmoe "I‘mﬁtﬁEFé’r“d\b/&ElE ‘%‘Etd%ﬁ‘i‘qcaé‘fmer ature.
In this reCfMS%@ilétist@iétl@'l:ol@ﬂhqghﬁilﬂcutehr ee pol ynorphic forms have been

positively identified, and are described herein as Fornms I, Il and IV. 10
Therefore, this invention also relates to a method of preparing a pol ynorph

of Form | wipETANLED DESCRIFMON OF THEINVENHONNDr i Si ng cryst al I | zi ng
c Pty ne 1 L eaU et o3eb il ShiEll 3 s R3O 3
acet at e( s/ f )crystalline fugtns, molymsrphicsfotme whichndiffer ﬁomtdladeothéﬁmabelt seability,
condrtions. AFRCRHAPFILL Ykl i R HeORRA ST R TSR PRAARY |
smal e scal e Myrpd)@h;c fofres arenesdribed irhthis appiication and apeeheatinafterrefedtedi, f r om
reflux to aeryggp%%v%?lag%oﬁgﬁ ? ! t el VEdrii v ute with ethanol as a solvent.

In a prefer inventlon ropanoi is the solvent of 20
choi ce 116 pr epar eOftherhriee povs} polyprarphs rsfareed ﬂlf gve, foan i exhibits she greasdsht es to
a method of pIARAY iFREm 3 i HayAXRrREd Bia%qmdnk oPfildyARerdrallilest

characteristics conprising crystalllzing ﬁ%{ | nerﬁ] an a?ggo olic
sol uti on of met hahiys (%Fﬂt)onaésro@lﬂt%ﬁrtgérﬂh@@bqe#& COMPOIHQGRARHING AN (s), or

acetone (f) come@re &ﬁéd@bﬂa@@%&p]@&ﬁb‘orﬁhi watﬁfaﬁy BY thelchirEreditR@ hofd@y be used

This invention alsqg relates fo rreth rin | ymor ph of Form 1V
with any of NEFfnA5d\aP ﬁ&?’cél'ltt‘%?uyéf’??éa r@uefﬁtaéﬁfagﬁol zing G pamc ylline
in an opganic Solmmnvaiuo&n(hlso&‘:@lammbur;maﬁﬁa@hhwhebm nmsc:tmim . 30 *Due

to the parti | ow sol upi |it o) vet mar ed W th
an asterix (“&u ﬁ%ﬁo f% &ﬂ’é’ of\ol\léqrg},ﬁ ﬁ}}lﬂrcﬁﬁ’e &\aﬁa&tﬁ $1ization
procedure vvasraqumﬂlaqxﬂlannaoeutxaaﬂig abeeptabtd cﬂrrlmr\mlsertmhetremfed to rem)ve

undi ssol ved mat er. ﬁmﬁ stallize
out the conpound. —t@é "éﬁgﬁl&ﬂ Hela&ésqg%[}g@ga%gf%?goé‘ Ter snt% Xanbl ent
recrystal | i zfeétive amount of am@ orpinef Fore Femth-asy efitheaboye ﬁgra(mtwﬁ ast"

cOOl 1 NGhs AT Gofedl il Gl fHaprh il bty AREL U BAmEPGHNiflGiShattor 001 T NG MRY

i nvol ve renpbva air_cooling Apr i 2002 On the

basis of scale alm%lﬂﬁﬂﬁwékﬂhﬁtfélafﬁsio@hﬁ%&fﬁ"m‘é@fftﬁ tfﬁ%}ﬁ@“b%frﬁerl ment s,
VertSES %Cg@i% @xa’mtbaﬁmtéd di8dase @04 | hﬁﬂmﬁ%)’n ﬂ&Hu?érb?‘f[ WRicHhdikod ast, schhI as
in the 0 m nut e .range, un contro ci.rcu ces) slow
cooling i s GRWBFsSS %a"H@f‘Fﬂggjma?'g\f F\F}i&‘ ﬁﬁfg-{’?w&ﬁ@otmtlo 2 H%HFONESﬁF‘?@TI ux to
anbi ent t enpenieh dtiyeof VR yhasdcoeristiophetad hedeid. be appr oxi mately from about four
(4) hou fromr qu t may al so
be obta ed from erhENt ’033.@‘1&& ch]ia#ggg a ‘gs‘r% A ?fsitoag{c%ﬁrg%gp“ﬁgmver
simlarly uBiE, ohENEmeddiatehdistnss irzesammal ameeedftharbef, whpbmnenrm& s used for

F [, th bl

sol vent;  t oGGEPAR ah Ty QAL R {finaiid n ootk aREFRTA RIGERR B | B0 0 |
regard to t FermdEwith aay of theeharictessticsowied hegeigti . e use of an ice bath), Form
| is formed. Limfed, o}ﬂ%ﬁhélrﬁl‘ﬁtéls'i'@ﬂfea&sl%%fgeﬁﬁ IV36: B ReRlAngs dinder the

fast cooling route IS not necessarl ['e sol vent terrperature of
choi ce 3br PDEyon TNTH@Cded diseasa in %ﬁ@ﬂmﬁﬁéﬂféﬂﬁdﬁ@f&%wﬂl@ meshaod crash cool

recrystallizahhQtes :éﬁnéfb Qd maﬁﬂamgn EF@th&E%ﬁx‘éuht%t’% d&ﬁnmﬁermﬂi h, or

simlar techniques ?ﬁ ar ger scal e processi ng. These three novel

crystalline bdﬂ%‘pﬁs‘héfih@i’?ﬁ’hﬁ‘twmﬁé eEiB0 referred to as BRL 61063, all
melt at about 305 C. to about 313 C



20 The crystalline polynorph, Forml, exhibits a characteristic X-ray
powder diffraction pattern wth characteristic peaks expressed d spacing
(A) in decreasing intensity) at 12.302 7. 702, 8.53Z. 4.289, and 2 84 as
depicted in FIG 1. A discussion of thg theory of X-ray pow;%e i on
patterns can be found in Stout & 2~ Jensen, X-Ray Structure erm nati on;
A Practical Guide, Mac MIlian Co., New York, NY (I968) The crystalline
pol ynmor ph, Form exhi.bits a characteristic X-r diffraction
pattern with ch *@Ef’@’lﬁp‘é‘f’] 1SS gﬁ?egg’éléﬁmhﬂ?bﬁ%‘)(ﬂg%ftcﬁ?s? decreasing 3
0 i nt ensi t yCipatfylitheGhdwed diffePences i68Meir IR Ml specam Al Batthes weredeppaedded i n
FIG'' This_jnvention. als el ate he cr | r ph. Forns 1|,

1, and I '33} tﬁ%lsaﬁ'epéwflwtﬁﬁg' ﬁ] §5%§n$ OFTTE %’P@%gpggfvgﬁf@ggg%§ % he cryst al
par anet er s appeaed pdssibiothasipegd of cnyytalliadtiod- mayaffecy styatdl égmaphi the diglalofsi s as
set forth in T Syl ' .and r | | ect ed
at anbi ént tﬂéh‘%g’l?’g?ul%sg §ampl% gﬁ%fggdﬁ%r@s?g% in%&grrgg%gf‘{ggr%@ f@'@st al
Shape (nmm) vAilstheeeHisdeCwas tlidwdd toesteidand crystelizeQuriaiied. Un @8cheas &aglst al

0oL o ol orEVRSRCE: B A0 Sl AL Wik eofa ISLALILF R hofpretont s

91.53(4) garwmpf(fwr&SBHMr&)nmalumwe@mgy@@) t}}peeggcﬂmt)adm fosmahiave beghl (2) 4p
| 0 | Crystal P. t
(o), o AR A O GRE Ml | Cvstal P areter

Col our &l or| ess~5Crystal Dinensions:0.80 x 0.50 x 0.15 nmSpace G oupP2 | ~c

Efgg‘?clsbgi ghilﬁgﬁhkT@%S%ﬂh%txa %%o?aa@s fdd 1 ethoa Jf ﬁr&kalﬁoly‘mbfbh%‘ﬁ
=90( 4) Vol uﬁemhmtb(@y of ﬂm\khoééeflwééﬂefiﬁﬁlﬁ C%pmswayrya @ingcGipamfytiénesnt y 1. 356

g/ cmi 30 896y ﬁi%ﬂ&k%ﬂhﬁﬁ‘bf%ﬁmaﬁﬂr(kﬂﬂ B%%nol(é?f)-rﬁﬁhﬁ)l{?/ﬂ) iSopk8 énolgg?'%fra' Shape

(nmm Crystal Col or ﬁa l?)(? nmensi o ace erat
Const ant s %P{&%@CPQIV;&BW ethyh goetate (s, 4p! “P%ﬁ" aﬁé?é?§°}b’FmF8’raFﬁrrVLhdalt needl es

Col or | psss @&M@&Wﬁe&aﬂy&éhﬁiﬁ 9/ a#@aé’&&h% (rS) malels%]tQ:(Lﬁbd ~ b = 13.753(2)
~ 8 = 4.942(31 % z)ddtm lrgpwo K w)th fast coo%m% 2 e. 20 1ce x('m)er bat% for uée \?vxtﬁ’ Smale (Y)

-83.33(2) 677, 145
scale samples, the time for the reaction temperature to drop from reflux to ambient

takes approximately 1 minute with ethanol as a solvent.
In a prefered embodiment of this invention, 1-propanol is the solvent of
20  choice to prepare Form [ polymorphic forms.

This invention also relates to a method of preparing a polymorph of Form II
with any of the above characteristics comprising crystallizing Cipamfylline in an
alcoholic solution of methanol(s/f), or an organic solvent of tetrahydrofuran (s), or

25  acetcne (f). Under certain conditions, chioroform* or pyridine* may be used
This invention also relates to a method of preparing a polymorph of Form IV
with any of the above characteristics comprising crystallizing Cipamfylline in an
organic solvent of 50:50 mixture of ethanol and isopropanol.
30

*Due to the particularly low solubility of Cipamfylline in solvent marked with
an asterix (*), such as toluene or water for Form I, the recrystallization procedure
was modified, i.e. the hot solution was filtered to remove undissolved material and
the filtrate was allowed to stand and crystallize out the compound.

35 The (s) term as used herein refers to slow, ambient recrystallization. It is
noted that the term "slow" cooling (and "fast" cooling) are relative terms  In this

particular meaning slow cooling may involve removal of the oil bath and air cooling



Mol ecul eslunit cell (2Z) 2 p (calc) Density 1.350 g/cm3 p, 7.448 cnm 1
F(000) 292 20 The unit cell dinmension is defined by three paraneters,

| ength of the sides of the cell, relative angles of sides to each other and
the volune of the cell. The Iengths ofythe sides of the unlt

defined by a, b and c. The relative angles of the cell srdes are |ned by
al pha , beta , and gamma. The volune of the cell is defined as V A nor e

detail ed account of unit cells can be found in Chapter 3 of Stout & Jensen,
X- Ray Structure Determ nation, A Practical Guide, Mac MIlian Co., New
York, N ~'. | 9bS). The crystalline state of a corrpound can be

EE?FbL?ﬁEEZl%@e s T B R T SRR e

conpound r ehatsuye comnteneal daichisizepodling ruay actealylbe qﬁhtefest pacheiehs | ar e

exper Tt o LS B A St L e , 20 1
crystal | i ne geoerally defimed as dppuloxioiateipophd) hour fram maflux treambiditsteoperarude t hat

cont et by Thred cefag LA L rb ARkl BRIk [ Dbl ol BERE Y (00° ¢
the unit cekmbitntretisdernbesenondiparser grmoll pea ycn‘lsctlteecstaambd encethancdhs i ne states
Sosi ¢ ons, - PeRBrEpd it Bicu RO, roReier ARty R e bl Blch BFest DT F
crystal X-r manéth;ﬁgenmﬁm tmd f@mﬁmm héheethancii(sowmepking) roufsis noYy | | i ne and
no ot her hfc%%'&a?ﬁ;y :Piteh%lé(§6l%ﬂdt§ﬁé\$r’2ﬁzr96f l’gﬂ?ﬁr fo Fogrﬁ'f' @t“i ‘51533910 pr‘-rétt s the

nmol ecul e in di nensi ons an ur e provi des
for a stlrewidregird e heawseapf acetone indrst corltg @ er#ssmtawmb sEpredisin Form |

i's identicafprifed! Nathitdd anE@Er%isy:md%étE’s ﬁlh@us@%ﬁ‘%@étbﬁé‘uﬁ’der%§fa‘§la£ocﬂlih§Or der in
one of the cycl opropyl gr. 3 ch was nbdel ed

ClL 3).,
with two poius et arceé-ﬁa a@é&ﬁsawc\f;ntrtsmpeaeﬁe et cftqr@’sgrlgpsﬁél The high 10
degree of thermal notion in the other cyclopropyl group (atons C 16 and C

17) suggests tha may be e eriengin onf or,mat i.onal exing. The unit
cell of Form| {I‘ggi%tcgr\hlaguaef qrgmsrgt%és tgot?‘?h grash ¢pg! rgcfrvqiglkxmqqnl Sugh 2

si mi | ar15cel by plating stiefusk irfa ice hwaner tath, &r Ainilaat@hniquanfbr dageespiendi ngly, a
density 1 ~ reduced by 0.15g cni 3. Al of these effects are in keeping with

t he presenngS?sﬁgsorder in the channel which the cyclopropyl groups
occupy. Hydrogen bandlng in this crystal structure is all internolecular in

T Ve, 0L TRk by BB BinrBER L OF CoRFINS ahO rhlAka egn 17

Form I V. Asmte rtions’ € am no
hydr ogens @&lﬂ@ﬁb@ﬂleﬁﬁlﬁt@hﬂdﬂﬁeﬂéﬁ@ ‘Pléfuﬂl-’elc el ectron density maps. The
positiog of HZN2 is not consistent V\,i th the participation of that -hydrogen

in a hydrogen bondi ng |nteract| on i't ance of 3.399(3)N between atonms N2
and ~Cb in For m Fhe ¢rgstaliag polymgeris fomt TS 13i hRTAFI eHBTIG XnBX P OPHER T act | on

agal ogous. t@ﬁd&ﬂb? h&eﬁm charaterigtié beaﬁkh lexpriesed d Sp@l:lh?@ﬂghl dé&t?eaﬁhélE ance ?s
opserve 1 n 1.S (6] OoSl1 {1 on or
H(Z)N(2) welBteEsie ai Lﬁ@s hi chgvédgry ﬁgé%tai@?"yéﬁﬁséeﬁv&dg‘ag’ﬁgbind’r ng

i nt eract i oniiscassiobf thawicory\ef X-rapgowtier deffactien pit;erhhmrtﬁwﬁonﬁdl invStbue’ becane

unr easgnRabl.e | ar S [ that.th tysu hi
al ter ng:t’ i ve] St?é‘l ge%ﬂ/ é#ﬂ.%gurepeq? ?Ehnéjrrr‘e%tmw%tgcag§ﬁpdlo t@a% {3 %l\ge‘l‘/n its
ori gi nal IoY:catkt DY a4 968)di cat ed by difference Fourier synthesis The 30

associated netrical details of the other two hydrogen bond are: H bonding
at onsAt om at om di st ance ~ i Angl e2) N(C1); 067(3 ) :~ tH( .1

~N( 2) ~ 1Eke crysralline pojgpgrgh, Egr Il gxlyibits achmaractenistic X-ray pgwdep
793(3) HN( a)diffraction patterPWRtR ch&raERtstic peaks @tphksseS BN AV RrdicRAsiRer d: rg

of Form_|
30 intensity, at 12.001, 6.702, 3.687, 3.773, and 7.345 as depicted in FIG 2

This invention also relates to the crystalline polymorph Forms I, II, and IV, of
Cipamfylline that are further characterized by the crystal parameters obtained from
single crystal X-ray crystallographic analysis as set forth in Tables 1, 2 and 3 below
35  The 3-D X-ray data was collected at ambient temperatures.



11 15 April 2002 Wth regard to Form1~", Fieure 26 depicts the nolecule in
.three dinmensions and with a | abeling schene. Figure 27 provides for a
stereo drawing of FormIV. For the data described in this section) crystals
of FormIV were grown froma ~GO ~O migure of ethanol and ispppePanRl2 by

-sl ow evaporation. Further, crystals of FormIll were also growm fromthis
solvent m xture with FormIl crystals a ﬁgéﬁilng to nucleate first, with
needl es of Form 1V com ng after ChatdPardneddtsapogyaporated for several
days. Overall the Eml eqigi’lar conforjati on observed in FormlIV is very
sinmilar to that of CB&HEMNPe (MIMhciElAINeEHI8Y er ences are concentrated in the

rotational orientaChQfh Dimedsidlde QYTk 0A20Pybs girRUPS whi ch display a nearly
enant i om)r<phous :n?éati%g&sri pto t&%iér counterparts in the Formll
structure;? as sunme¥SZedtH t he t 619" angl e tabul ati on Table 4, and shown
in Figure 3 herei rspaldyqj}rgqgn bondpngritlthid 2 crystal structure for FormIV
is all intermolecylar in 15 naturg ?ﬁd is simlar, in terms of specific
interactions to thATMREEHS n For PR A najor difference invol ves one of the
two hydrogens on N2l Jh@tants:S a cheayo 8191@29Ati on of the position for HIN2
in difference difference Fourier gl_ei;}éﬁozéz,%nsi ty maps The position is not
consistent with the participation’of*t “fydrogen in a hydrogen bondi ng
interactilon. A di stance of 3.273(38Fi5.08(8Ken atons N2 and O- in Form 1V, 20
however, suggest the possibility gf, a hydr bondi ng interaction

anal ogous to that observed in Forﬁiom(ag{ﬂ??tqﬁ?@, al t hough the distance
observed in this formis |onger byet®@fB)=9héA(4 position for HIN2 was

cal cul ated which would satisfy thj ndi ng i nteraction, and
attenpts were nade to refine it, #ﬁ’ﬁm’é%{h" | ue becanme unreasonabl e

| ar ge, suggesti ngVidlemet he data d&BB3B) support this alternative 25

positionyg Thus th mggﬂ% conpjeted with HIN2 in its original

| ocat i onlsas i ndi cg%delg&% I f elel\rltfg ce FOJl‘JI’i er synthesis. The associ ated
netrical details ef(calpk Renpsr twol AyHBEHEN bond are' H bonding

at ons At om at omAng|,edi stanceN(~) _ 7362 em=1l _~, ' (1) 3 042(2) H(

CI)N(2) - V(1)2 10(2) t~173("")N(3)- ~Q(5) ~2.731(2)

AL. ' (31- F 1 91(2) !~17§(3( 2) Sunmary of the hydrogen bondi ng

of ' Form | Z' 12 15 April 2002 Wth regard to FormIl, Figure ~ 2 depicts
t he ForFE Il nmolecule in three dinmensions and wwth a | abeling schenme The
hydr oge %Hondi ng for the crystal str ucture of polynmorph FormlIl, is all
internol ecular in nature. The associ atRABbEtEri cal details are. H bonding
atonms~ At om at omAngl edi st ance i, 05~ 3. 049(3)N ~Angl e

151{ 2) HIN2- - - - O~2 26(3) N~, r 2- C”““*ﬁ“?ﬁ@&?i?éﬁ&ﬂﬁ§|e 132(3) ~ H2N2----N 12

.41 (3 N-; ;- Cnital SRaped(b@r8) N Retragigelad BIBCRY ~T3 OS1 90(3)g Summary of
t he hydrogen bort rmll AR tructt:ral information clearly shows
that Forns |, 11 ,ééﬁ%l?{?ldg Cipa &{“I%?S%_e are all crystallographically
di ffered. The hydmsgeRPiperdingg OPGx 0.50ne04dmm is internol ecular in
nature, and all tdyee digasess hygnogemdpsndingibetween 10 HN(2) - ---- N( 1)
and I-LN(3)----- 5?. Eaperi nment at tail s, Forml Flat needles were grown
by sl ow evapor at i EPBHRMS i xt uds &F-2&f fﬁ)}& acetate 1 ~ and but anol .
Lattice parameters were determ ngd- fuagihRe setting angles of 25
reflections well distributed in re_cg#)ég‘?@r space neasured on an Enra_f
~'onius C AD-4 diffractoneter, afd af )g‘her described in Table 5 bel ow
A full sgphere of intensity data alpha (spr=e9x@l)l ected on the diffractoneter
usi ng graphite nonochronmated copper diatd froma rotating anode source
and an c~-2A vari abl e speed scan F@éhﬁi‘ﬁedsg@ Intensities of three nonitor
reflections nmeasured at the begi gamng,(vER2(@Nd every two hours of exposure
ti me changed by at t +.- 0.1%,, gientation controls also were
nonitored to assgvsosI% y crystal (;lrt’)%/-%ﬁn@ﬁt‘&)duri ng the experinent. Data were
corrected for LorMalezulasidnipotlb(d)zati od efr' ects, and using the DI FABS
al gorit for the f absorpt 3Redundant obsen~ati ons were
aver age lSnto obt ailbn(c?&z%f\e?]%g{) 2~ %a;t;géée .

1 6 cm”

F(000) 584



The structure was solved by direct nethods using the SHEDS proeram seri es.
Atom c positions were initially refined with isotropic tenper ature factors
and suosequentlv with arusotropic displacenent paraneter s T he function
nuni m zed was 13 15 April 2002 W\( s Fo ~ - i Fc ; )~ . i . wer e
-eventual |y assigned to the data as w 2 | /c2 (fo) _ {az2(l c)\li?‘4 j(lghg%%\e%
Positions for the hydrogen atons attached to nitrogens were discovered in
subsequent difference Fourier maps. Positions for hydrogen atons attached
to carbons were cal cul ated based on geDABLE KRl 5 considerations and held
fixed in the final refinement sta al ong_wi I SQ{.ropic tenperature
factors assigned 1.3(Beq) of thgr%?aﬁg@mbg%ﬁsgﬁoﬁg}g&ogen atons on the

cycl opropyl groupsCiwsraéShapet(inad) f Flarmdddéesr ef i nenent. Al l ot her hydrogen
positions (were refips lang Wit hxi opi c tenperature factors. The full
mat ri x Ieést-squardé@?gé?f)ﬁgrrent C hl%gl%sed (max Vila = 0.05) top val ues of
the 10 convent i onalrystalBimdnsiogs aph 68 xrekl d0d5sm@= 0. 056, WwR = 0.092. A
final difference r.l p was leass with maxi mum density of +/-
0.285 e, ~-3. Val uggﬂ(%%%{r% neutraﬁfapg%dg%%s"é'atteri ng factors were taken from
the | nternational Teatpesatufeor X-r a3P5& ystal | ogr aphy. 14 15 April 2002
Tabl e 5 Intensity dgas t Data.figr | Diffractoneter: Enraf Noni us
CAD4Radi at i on: CuKa™ n. iHS% E406N; ~a?-(_)r¥g'(ﬂ%r6§)§%§or. Graphite Single Crystal Scan
Techni qud@a- 2B scanScan Speed: Vart aBB&53(PARto 6.7 deg mn-1 in
c~Background Measurement sMoving crygloabeiVi ng counter at each end of

t helOscan range; scan tine/background trne_= 2. ORange of Data'2 < 2A <
60-12sh<_ 12-14< k514-5<1 <515 Staphaded RE71986Di ons: Three standards
nmeasured every three hours of x-nRy @jrosues4yi meTotal No. Reflections;
23202032 uni queRint: 1. 29%20 No of Cbseréﬁg Daé?zJ)749 > 3 a(l)No. of

Vari abl es: 199p: 0. 04R: 0. 069Rw. 0. 0FRORIANEES3362)Fi t = . 311Absor pti on

Correcti pfi: 0. 868 mighume 354 naX 0.6?9,]1(51)\/,&:3The conpl ete single crystal X-ray
experinmental dat ag}ﬁed t roﬂzge the structure displayed in FIG 10 for
Form | is include ?ﬁai*-?sgﬁ‘ﬁ& Jto 1% The 30 paraneters presented in the
tabl es are measur edcale) Daisitg condfdyg/amell by those s>ulled in the ar. A
nmore detail ed discussion of the l‘mzttss off measure can be found in

| nt er natii onal TabFes for X-ray Crysta‘in?ography, Vol V) pp. 5~, 99) 149

Bi r mi ngham Kynock(®@0gss, 1974, &8@ G ~f. Sheldrick, SHELXTL. User Manual,
“icolet 4pstrunment Co , 1981. 35 15 15 April 2002 Formll' Rectangul ar
pl ates were grown by sfow evaporation froma solution prepared in

met hanol' 2- but anoA&e uniacell dimepsien isedefined o theeeiparamgiens denistioed thhsidesatt | ng

A Enr af | ~on e e e B e el o'
Intensity Gaphihs rides Qe upb el aretsioet é)h%-ahmc; ‘F'a'!L:F%FFé‘FB’F angiengl G aghi t e
nmonochr omat esldesdry HefervdByratifhiad tbiefan aad Gamiind’ dFEOvolane abte @i eedefinedys V
techni qug A orrectiqn \Artgsa@gg:;& i ed(eho@t ht?err@at@'fﬁﬁ a 4. 8% decrﬁffse in the
i nt ensi t1'es OfMPHCSRIRDATLYR PHYTEENT GO HIREE MLGhaRter 4,8 %@b‘f *AY™ end and
every two hoNrRayltneupeddmneantination, Altreeticat GeidepMaoMiiemtCm] Nedrakso were
nonitored to S(ff@@% any crystal novenent during the experinent. Data were
oren

corrected for" z and pol ari zation effects, and using the DI FABS
algorithm) for the effects of absorption. Symretry equival ents and zonal

reflections vere §eLR0eMinl GaRPSA Sorhf¥unkicAftbe ARhfbigGbusly described by

30 several crystallographic parameters: unit cell dimensions, space group, and atomic
position of all atoms in the compound relative to the ongin of its unit cell. These
parameters are experimentally determined by single crystal X-ray analysis. It is
possible for a compound to form more than one type of crystal. These different
crystalline forms are called polymorphs. It has now been discovered that there are

LI
U

three polymorphic forms of Cipamfylline This discovery was confirmed by three
separate single crvstal X-ray analysis. A companson of the unit cell dimensions and
space groups of these three crystalline states are shown 1n Tables 1 to 3 above



15 '. The structure was solved by direct nmethods using the MIT Al ~,' 80
-program series. Atomc positions were initially refined with isotropic
tenperature factors and subsequently with artisotropic displacenent
paranmeters. The function mnimzed wa ~w( ~ Fo ~ - ~ Fc f )2apriY@ogt s, w
-were eventually assigned to the data as w=1/a2 (fo) [QZ(I'(?\)D + (0.04n2].

Posi ti ons forplgnﬁ,gtmgra # r@@%ﬁs W67 e 20reElbSRMBHIRN of he SERSEGUIRRY from

di fference Fourier ositions, and 1 Sotropic tenperature factors
for amno hydhegag! “a‘%ﬁﬁl era*/@n@y%@cmﬁﬁ@s thegensials sortad (ipamopinemid ri ngs

were al | owed {dothef dtecuR9Trh@Mfizhan 8t impiker hydrogen atons were
cal cul at ed based on geonetrical considerations and held fixed in the final

refinement stages along with isotropic tenperature factors assi gned
1.3(Beq) of the 2 anatetzxc ctattmmoﬂéb@efrumreermmrehgioﬁseaaﬁth&qymb@lﬁa rei t nement

conver ged (nax = val ues_of i.onal stallographlc
residual s R= 90 F\ﬂrejgp@é&s,&orﬁ ﬁﬁfeocﬂr?‘f”élge E}%Em el T’H.ﬂl
featurel ess vmhfbnmnnﬁubmeasintsbrmﬂ isliderical6 tlﬁat-offFokfﬂJIVeﬁutﬁfthet eb@epmut ral

G yatal | ogr ety 986 dRpReet i Bne BL G cRRToRy farplp oy 1 ped PhafbayRia’s

used to produmieldalewﬁhﬁwotpumods Sbécﬂmbﬁbduparﬁz(’ﬁor étcr}}fcxflthegfmmﬂsl The hlghcl uged
in Figur 33, to 3 The r.anet resent e n t ta ar. asured in
uni t s cononiis e 8% theyeh GO0t e 2afiry Eary houp e GiR 86 Eadenai v
Measur enment I@ag@sfsahaﬁonmylble eRpérignaimpgaaformatiénaRéetiagi on: : 4f onochr omat or
Scan 'techni que Scan Speed: Background Measurenents 10 Range of Data: 15

Standard Reflections 15 April 2002 Enraf Nonius C ~D4 NloKa. i~. = 0. 71073
~ Graphite Singl e Theysitadellod-Fagmdcaystalaisi cbheesathe-formas ha? ol Egroniliy-with n c~

e gaﬁiéfég""ﬁ‘qf“'pg'"@g‘g‘ﬁ 3 AuRREE g A er 10 SPAGIRNGE: 2 360 1
st andar d$3 ne sestucedibye Oeldg ant eeélh@mgsecﬁﬁeztsraae/més@pgmr@th thepmsende oo .

Ref | ecti ons FURIR Dat a- 1417 1> 3
a(l)No. of Vgl;élg%%f’ﬁgtﬂzé(%p 0. (‘)»}é{ﬁlghoégjfgﬁﬁsymm% ness of

Fit.1.403Extinction Coe~cient.7.869(1) x |0-7Decay Correction:0.9769 nin,
1. 1374 max Form | Yyd@thenl tRindMpaf kIgs cHBIa8staicdire iPxll Rk QWoRYERPINAaRBadd OM a

~0/ ~0 m xture of, ethanol apd i'sop anol Lattice a rs were_determ ned
fromthe set tSisHBlaInt 1€ENHP %c%éfq‘%&qle’i’%t Y seen B‘[aﬁ‘?"ﬂlﬁl‘ﬁdﬁﬁ” %EP’B}&
space megpur Qﬂjc@tﬁreafhe?b'sﬁfonb of ehi¥ dein&hy@rogesd dré l’rﬁ!@da@émﬁ'@ﬁ diffeféhck Fblikeer
described in Table

full ere .of h?@ 3|t dat a a{ re col l.ected on
the di ~r act offE{HEIN ﬁiﬂsﬂé MAPSpHi é’oﬁ‘BﬂBé’ ‘%8 SPpeten ‘33“% RAHGPEOR o g
rotating anodfthsohydregeanid aaluydmoge’hﬁmndmgabdeacspmea distamcetof GIHOR)A.
ntensi {1 es Blwblf 6208 LAK AL BERICRSLERASHEE: He HIGLARA Y0, ond and

every two ho ecposure £1°ne ¢
orientation mmnaqtmlrmnalcggum that observed in Form II structure, although the distance

25  observed in this form is longer by O 4 Angstroms. When a position for H(2)N(2) was
calculated which would satisfy this hydrogen bonding interaction, and attempts were
made to refine it, the thermal value became unreasonable large, suggesting that the
data do not support this alternative position Thus the refinement was completed
with H2N2 in its original location as indicated by difference Fourier synthesis The

30 associated metrical details of the other two hydrogen bond are;

H-bonding atoms Atom-atom distance Angle
N(2)---=mee- N(1) 3067(3) A
H(1)N(2)-mmmmemmm N(1) 2.16(3) A 173(3)°
() S 0(5) 27933) A ..=
13 1) S— 0(3) 202(3) A L153(4)°

Summary of hvdrogen-bording of Form |



15 April 2002 nonitored o assess anv crystal novenent during the exper;
ment. Data were corrected for Lorentz and polarization effects, and using
the DI FABS algorithm for the a -Erects of absorption. Symmetry equivalents
and Friedel related nmates were aver agepl1 to obtain the final gaéa Eg{) éhe
structure was solved by direct nethods using the SHEL.YS pra A Pés.
Atom c positions were initially renned with isotropic tenperature factors
and subsequently wit h ani sot ropi c di spl acenent paraneters The function

nuni m zed was swW ere: € ent ya ssi gned
to the data as WWxtIixdeg_a/rgéo F?BT 1V, %gﬁr(elé%de%'c(tbﬂﬁﬂg squlcisg é‘f %W%”S%Bg t he

hydr ogen at cand vatit atabelhg wheme.r Byeres2 Ipnoeides oraveered drawisg b Eome .

diff Fou i . d <

Cycl opr opyl TRLEH R EeRpES Hlrara i AN o B AR A o

consi derat i mmstumdf ethhnbl fand edprapanblebyfsia evapefrativmmdiurthst, agewladfdogml t h

S other hyarieaehdiyn BELPU SRR ORGP viBPRS P S haBlRE 0T T e |
factors. Theuclaatle fmm with needles ofsitprar 85 camaing n8erthe sclotior hagevapomseddor a =
0.01) t h 49,
0,01 19, gty VeI bR koA BRI SR ANl SefT el
maxi mum den&? that of Feqm I Byuwipal diffgrences ayegomentrh@d metherranatxanaimmmqnerl ng
factors ONE‘V Eff]h%‘%%aog;m&la%{b%p& %%ftﬁéﬁlﬁ%eaﬁg eh@ftlpd l%us?fel&ﬁ‘é(

Crystal ograp e lntensity ?Measlrenent
Dit' ~ract ontt rcoustmsamt omﬂmﬁwwsévmeam g Wﬁ%a@‘an Speed

Background ZMapsidh qaBRIS ah@slﬁﬁﬁgﬁm p&ur@qtmeulﬁ St andard Reflections 15 April
2002 Enraf Nonius C ~D4 Ka ~. = 1,~406.~ Crraphite Single Crystal m 28
scan Variable 2 ~0 to 6 7 dee min-1in r~ Mving crystal -nmoving counter at
each end of the Hya feﬁfb@ﬁdmgwmetdml@ﬁﬁ&ﬁfmﬂ@ohhwts-alIZerrﬁxoreguerQn < 60
-l1< h <11 -15 st andar ds neasurlereﬁeverIy t hr.ee hours

of x-ray b{;aﬂdés S R BRGE Smeﬁ%ée&erengn%@g@wﬁn R A%, 5000
No of Cbser di€fdrdnat mi/662s bare 3f @éIMMydmfgemn Al dhed0iR piclear indication of

04R: 0. 0499 .07.192 Lt 095EXt i. nctl icien I 1(1)
% 10- BAbsor L PONTER ForcRTRGIE Bierenct kiekrpig ERLRC 0o ARE Ma" Th e o
si ngl e cryspasitiod-is apt ecrpisténtmithathe gartisipatemdof ﬂnaplnynid@gae m hehy&&bgsm ructure

di spl ayed iy}, fgi g:ﬂ%ﬂ{?ﬁgzﬁ dxtsﬁhc{ S’ﬁ‘“’h\b & b!eﬂ&éel{q C‘i}né N2 Eﬁ@p’:‘?ﬁ Fédh f\fy?’l

The paraneters esen e nmeasured 1 n uni used
by tho$@ skhawesgr,isnggese tlmmossxiﬂhlév oka hydregesrbandingrigieeactony anakogous taghatinal ysi s

are Ilmtedogérg ety FB s fure, AiRBlitPhe diftn@WBsérldPindhis ROAPRdorighy ! he

X-ray beam c ata on-a ar grou crystals p o ~zdes

powder X-ray & gf r‘é(b?’i @)ﬁoswn fordi Phowyes C‘il%” ate l)Yferc‘V%fi é@tﬁﬁh@"%orrpound a
si npl e powdgidrébea®ortingSnieRicabRamd ahempPéreanddeo rémelit $he thermal value

becameé unreasonable large, suggesting that the data do not support this alternative

2]
Ln

position. Thus the refinement was compieted with HIN2 in its original location as
indicated by difference Fourier synthesis. The associated metrical details of the other
two hydrogen bond are-

H-bonding atoms Atom-atom Angle
distance
(2] R N(1) 3042(2) A
H(1)N(2)-enmmemmev N(1) 210(2) A 173(2)°
N(3)e-emmmeme- o(5) 2.731()A
HN(3 )emmmmmmeme- O(5) 191() A 160(2) °

Summary of the hvdrogen bonding of Form IV



19 15 April 2002 of a single crystal analysis and powder X-ray analysis a
sinple cal culation can be done converting the single crystal data into a
powder X-ray diagram SHELX TL Plus (tradenmark) conputer program Reference
| ~i anual by Siemens Walytical X-rav Instrunment) Chapter IG@ p Izp-éﬁg)
199G Thi s conversion is possible because the 5 single cryst P%?(Be? nt
routinely determines the unit cell dinmensions, space group. and atomic
positions. These Rpar vy basi.s: to I . erf powder
Pactern compart no ERTeL o AL g et Rl PR BRR L POCTE
exper i ment al dymasisioas aediwitharatelingsgemsol Thedydwgenbordipg feritbe wijlstal confirm i f

the results of Jf\gﬁ [ { ] . +ha

diftracti on~g{—'ﬁt[,n§-r yl%ﬁc\ﬁ/\ﬂgrggﬁﬂ ?s;agtx}'l%ﬁmglﬁgﬁv\gd&&a ré'r ggggggg{eaf%en al |
three forms ofleneklydendilsiase. Anal ysis on 4 x Form| sanples and 4 x Form ~I |
sanpl es sfiowed that consistent matching diffraction patterns were obtained

for each se*h—%s—gafrﬂ—?—fs—mh-r?gmz herein. Infrared
Speet r oscopy SIRPONGNZTHAMS i ¢ o ABYHYEr pt i j nglecira hai positively

identified the existence of |[Fordistdncel|l and|lV. This data is presented in
Figures 16 to 25 for conpound, single 20 crystal and crushed crystals of

conpr essi g{oi ndi ng study Form |
‘*ed@;s)f% AR

the various le_xg_p_rcﬁ]i c forms;
was shown tp be stable to cqrpr

to be stabl eHiN2eeldy essi on [R26(H

%

n and gii ndi ng, 2 Form Il was shown
to severe grinding. P~ Conparison of
the 1R speclty;a _OFFqr | and 4l Ws not abl bof ces. The prom nent
band in a pu%gti veq\fir;ﬂ;t hyl erg'%elijt}?\nati on reg}n lr?%’?r(ﬁ% cm | (with a
shoul der at| H2M22--DNh | ) foa2.463A| is split in FormIVito give a band at
1424 cmi' | | wLh_@<shoul der |atq4 4 cm | ad gt 1.15 ~ em |
(with a shou%er g)ts 1466 cm?'y%ﬁg‘ car bony Ag]t@%elt%cs@ng pbands in Form |
occur at | q48Npwi 1dr5063)A16S6 end | ) and 30 1682 cm 1) whereas

Form IV they occur at 1658umiminty @Mibe AfiégomdondinteeikFémat/ures in the Form IV
spectra at roughly 2000 and 2300 cm+ | are-absent in Forml, but these may

represent overto \ : I IQR. C e recorded
using a Specira- 'n?g%%&‘gmﬁhﬁ&ﬁ%g%gle%%‘g%% thJtut g 1Al Ve ‘gao FTI R
spect r onet er ‘Pﬁ?‘fylQ’S@r%élgﬁ@§‘au%ﬁ’PH“??®déjfﬁW~ &%Fg’@sfﬂg,enbf-’ g n858f ut i on,
dry air purdeims iSpeetmclemdarsmngthess and alhtuee pessess dygrogpmbanding beteveen obt ai ned
by mountjpng ;mmLaLN(grgng}mgrynncb@)_ndow Crushed crystals were 20 15
April 2002 prepared using a Spectra-Tech nmicro-Sanple Plan (a conpression
cell) fated with dianond wi ndows. A stereo m croscope was used to observe

t he behavi oExgerintenitalr Bétails:s during conpression. :after conpression, the

di anond wi nc%ows (were separat ed and a spectrumwas recorded of the materi al
adheri ng t o*@he—of the 5 windows. IR spectra of single crystals of Fornms |,
Il and |V show niilemeediesivefecgrewods shosv welporagiod feomea musnird ¢f ethyl acetate

di stingyksh , er i O£ b iBepi ek At nd
i ntensi ? |5 esggéé? l\7_\5&§§etlr;:l' tlﬁdée#%az%rgé}t% {559 %P tdgﬁﬁg‘{"ga ?P;%gtt?l glsgt t%? aﬁ%lrkgr/rgf and Il and
t he corr espo¢ftichenssyelt disaibarrddn feetprPed FPa6treeasuigronrasridef Newus CADEse

di f f erences 3R Q6fmiter! HdOHE RRtHer HERNBAEMI Tdle PBEioR! €A MRSIphORVAfIMEndG! OW

1700cm 1 In particular, note the djiTerence |n relative intensities of the
bands near daw@gésp werggoliectedon the EPRET USINg R RIESPRAACRERACEERRPET )  and

t hiSb?ll'Rds neafiattbn@dn a¥8tating kndfesoarsé 2HdGA D8 Yaridblé Sfees BEGH teehrdfueForm |1 .
5

' spectra. of crushed.crystals are ver imlar.to the correspondi ng
B S20 o pURETSHeS AR Siser SRS Mg R P BB e g o TP S DR and
KBr di scs r apueefekpasute timk ehatigad bpat mobtat/i 011%6. Threewingntadsssomddsaiade | R

transnvssi on through grystalline s | es _can, onl be achi eve crushi ng.
Were monitored td assass any crys?arfpmovemen dunngythe Experimenit. Battz)iywerc 9

corrected for Lorentz and polarization effects, and using the DIFABS algorithm, for

Ui

the effects of absorption Redundant observations were averaged to obtain the final

25  data set.

The structure was solved by direct methods using the SHELXS program
series. Atomic positions were initially refined with isotropic temperature factors and
subsequently with arusotropic displacement parameters The function minimized was



20 There is poor correspondence between the single crystal and crushed
crystal spectra of FormIV, with the nost marked difference occurring in
the regi ons 16601620, 1260-1180, 1000-920, and 800 -750 cm 1. However the
cni shed crystal spectra of FormIV ar ery simlar to the ushed st al
o 15 8pil 20

spectra o_f Forml. For these .I1EZ spectra, Form TV crystal i ned
in the presence of those of formll. 25 by slow evaporation form ~0~50
et hanol ' i sopropanol and separated by hand Conversion of FormIV to Form

i's perhaps not surprising, three dinensional X-ray diffraction data

i nd: cat es It o |ml ecpd ; Ehchﬁgﬂtg&bj ﬁg;e(@&hﬁﬁutl’agg@m;tgnh@@?rhsmﬁ he

i er act | ondSCEHE) & PTas) THORBERD. Fosiidng (o the Bfiogn ST AN y one of
t he anmino hyitrpeanversdidébvepddh \sabsequeh\difforg e Pouribirngagst MPssitoRifsAsts with
Form 11, in _which all hydrogen dgnors were fou to, be invalved). These
findings r ef‘é‘grgg%ﬁo“isc%t‘ﬁ}ée%é&? a5 §rEe ﬁﬁﬁmtegg%mdt%g%qrﬁﬁpéﬁcr yst al
infrareds Sgeoﬁslic&mioris hﬁcliﬁlbrdefbcd‘ddnrthéf fmﬂ%mémmtwgesmgmtmgot@gtgns of ]
Forms | and, |V are simlar,.an i r t otzti | Forms .1 and |V eac
nave a bandmesrargElafrdtsyignan ! e el dhe b Al Sy dhPbaPadn SR, 57
function. | thefycloprdpyt graupbard: omittddsfeomn the definement. cAdlbothehhydragén hydr ogen
donors are | ' r.ogens i 0Q. [ tra of
single cr ysbgsl\f@ngfvg ?‘—%?F‘f#@ aﬁcﬁx\g;wggg%ftr %:Cotreﬁ'éagagun{é&&értb?s'e?gﬁﬁ 1:l‘lmng"ltg&%msnt s and
are sim | arleagssqeares refirement eayiverged f(ma2 80c1=160%T)nop IvalueTlof shecan be

expl aingd b 3 3 . bl Ri ct f IV is

pr esen?@d héelorng?ﬁ%a@i | g‘&?é&ﬁ@ﬁﬁfﬁﬂ&% Epe?tdrsg’ %gfmné'gggbt“rfa or Forms |, 11
and |V are diffsrence Fanrieemap mas feaniglesewith maximupsdansity of elat-10,28keAden,

si gni ficanty,gh j I . t rns,
allowng t h‘é%ﬂh%{)gfb@@(r}gggiﬁfﬁ;&éisg‘ﬁérﬁglgirrgﬂgg ?&%%@nﬁ ‘?‘{}‘Hﬁﬁ‘ggf’ﬁgﬁ’ Iéés?sur e has
been shown Tabdrs-fos FrmycFrystalegrapbys to convert to Form |, therefore,
conventional sanpling techni ques, such as alkali halide discs, or Nujol

mul |, may not be the best way to obtain infrared spectra for this
polrTrtorph as the time involved in selecting appropriate sized crystals
and obtaining a good quality spectra is high. 1 ~ Raman spectroscopy
pro~rides for a quick method of distinguishing Forns I, i and IV from each
ot her without the need for sanple preparation. Spectra were recorded using
a Perkin-El mer 2000 FT-Raman spectroneter equi pped with an Nd: YAG NIR

| aser ( 1.064~tm~). The scanning conditions were 64256 scans, quartz
beansplitter, 4cm 1 resolution and 1 Wl aser power. The spectra of 20 Form
|V (Figure 6) shows a significant ampbunt of Raman scatter fromthe gl ass
vial. This is seen as an underlying crave with a broad ma. ~ci murn near
400cm 1 d ass nmakes only a minor contribution to the relatively intense
spectra of Forms | and Il (Figures 4 and ~) The Raman spectra of Forns I,

Il and IV show nunerous differences ~rtd are readily distingui shable. The
carbonyl stretching region, 1760- 1600 cm1 figure 7 Jj shows the nost

mar ked di fference between the fotins (as was found to be the case with the
| R spectra recorded fromsingle crystals (shown herein as Figures 16 to
18). Significant dif~"erence exist between the three forns over the range
of 1000-800 cm1 (Figure 8). The region 400-200 cm | (inaccessible when
recordi ng spectra using an 30 infrared m croscope) al so shows signficant
differences (Figure 9)) though sensitivity in this region is relatively
poor due to detector response. Heats of Solution Heals of solution were
determ ned usi ng acetone and net hanol as suitable 3 ~ sol ~~ents. The

endot herm ¢ values are given in Table 8 bel ow Di ~' erent polvrnorphic fotnts
give rise to different heats of solution. This is denonstrated by the data
obt ai ned herein. The value of HI, the heat of transition, is equal to the
difference in 22 15 April 2002 crystal lattice energy of the two forns
and is the sanme in both solvents This is predicted since individual
ent hal pi es are sol vent dependent but difference are not Fromthese results
it suggests that dissolution of Formll is nore endothermc in both
solvents and therefore the nore stable Corm Heats of solution for For::z IV
are ~n 5 progress. Table 8




For m Met hanol Acetone (kcaE/nol) (kcaUml) 1 4.81 3.93 2 b.47 1.59 ~ HT 1
.66 1.66 Thermal Analysis 10 Differential Scanning Calorinetry (DSC) could
not differentiate the three forns of Ci panfylline. In each case thernograns
showed nmelting only with simlar onset ,and peak tenperatur L YRI y Te
-312, Tp 314C. However, when the heatitr‘lufj1 rate was reduced sﬁf? ﬁﬁgnﬂi t he
mel ting endot herm appeared as a fused nelt) i.e. two conponents nelting.
Thi s behavi or was common to both FornsTdblafid |1. 15 Thernorni croscopic
observati ons showed that al I j onset of sublimation
was different for each for niné%?gltggxgl{a%%@gﬁg@grar@rEmg%glterrper ature range (
130 - 290C on a non-calibrated instrunent) This is not evident on the DSC
t her mogr anspn; [ occurred o bAN9e ARl 0- 3?3C on a noncal i brated
instrunept)Df%??%%H ¥hree for ms?ﬁ{f:ﬁgb“%@ssie rlity of two conmponents nelting
20 consetut Redryorsoul d not be diGuKagurdhtW6fhe sublimate was col l ected for
all three fg thapdtal yzed by dBogndsihgietysdi S showed that Form | had
been producéﬁ%ﬁs_aﬁ}' and Il were annela?eetlgﬁaﬁlg were found to have
converted tScackaghnigyy | R The &nA@®4&fdMng procedure consisted of heating at
10C/ mi n frog‘ﬁarg\ﬂ'eg@:t to ca. ?~0&andichos@id@ 7afegtihsl ip@y Nt for 1/2 - 1

al'l ow ng I | ow

hour, then the sanple to cool 2~ slowy to roomtenperature. The
above t her nBackerqysarMptsyramentp e Movieg Frysial-mavingrountss aheachiead pf enpst
stabl e ffporm This coul d expl ai nstherafpdisk fith¥/bhékgtBlrid tife PAMLS of the
three forns, 23 15 April 2002 _Syntheti¢ iylethods of Recrystallization:
ari ous bat clfﬁ%e@f%t%)’anf ylline @el%zep?éBar ed by the sane route and the
final reorystallization solvent _gndpate or" cooling were varied as shown

in Table 9 below . 5 Table 9 Sol Vﬁntkfﬁte

of Recover yPol ynor phCool i ngpr oducEuEXHHAol sl ow75 %Form 1 Et hanol very sl ow75
%-vrm I N ethanol sl ow70 %-orm | lAgdtofef ast 22 %-orm | Tet r ahydr of ur anf ast 33
%-ornms I. a | TL *Tetrahydr of uransl owb8 %orml *In the case of .THE (fast),
Tt ppddr o TSR RENFERAE or oqrbisd Tandan et b i Ao pstar f or m
Formlll. Al data indicates thetpdsaremrh¢| could be a pol ynorph, but has
not been char, ery .as5.i1t al seens to be produced in m xtures. Slow
cooling i nhfaﬁﬁg&%&%gn '&%r oducemrm . FormIl recrvstallization: 15

Anot her experimental procedure 28¥unigue ecrystallize FormIIl from a sol vent
m xture of gyet hanol J2-butanone asefol | ows: Solid material froma
cipanfylliné sanple was added to an aliquot of 2-butanone in a glass vial
and wakfed Neef OpseivedDatax  pl at 8748 Prd3 §€0rring. bl et hanol was added

drop-w se thy L& aghbles:i Ng warm ggg ution until all solid material appeared
to 20 have dissolved. Small ho{l\gz were placed in the plastic vial cap and
the clear, Peol orl ess sol uti on wa 4 eft to evaporate slowy in a hood at

anbi ent tergperature. Rectangul ag.os6Ystals of FormlIl appeared within 11
days. .

Rw: 0.092%
25 Goodness of Fit 3311
Absorption Correction: 0.868 min 1.254 max 0.991 ave

The complete single crystal X-ray experimental data used to produce the
structure displayed in FIG. 10 for Form I is included in Figures 12 to 15. The
30  parameters presented in the tables are measured in units commonly used by those
skilled in the art. A more detailed discussion of the units of measure can be found in
International Tables for X-ray Crystallography, Vol IV, pp. 55, 99, 149
Birmingham' Kynoch Press, 1974, and G M. Sheldnick, SHELXTL. User Manual,
Nicolet Instrument Co, 1981.
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In yet another study, G parnfylline (lg) was dissolved in EtCOH (55 vol unes)
2~ and cool ed the solutions to 20-25C over 1 hour and 4 hours respectively.
The results are shown in Table 10 bel ow. 24 15 April 2002 Table 10
Recrystallisation of G panfylline fro t OH Exanpll scal el 4 t
recovered pol ynor phi a(rrrml coo(a to;vyi (raﬁ]dozl (% cb forn20-2~C(h) §3‘&r§r|" 2002

| 74.91133647~?11 notes' a Tinme to cool fromreflex (--78C) to about 20-2~C
b Determ nedkbym [IR Spectroscopy 5 In both cases , cooling over a prolonged

ecrvotsiTi zat) onRS RS e bRt ko IR B R = BB Pl ototed a s on
of Form V) moh&tdarrm/ﬂémtamn&oLfattampampﬁtefsave@: peterfmyihéd nemsrhﬂmtengmgleadded

to an ali quo%f %frehéﬁf%r?%qodxﬁthgutgdm ?e%&r&taﬁépa%?%e‘ﬁ@r gegﬁ" %ﬂxu? hot

plate with s Irring
conti nued un€AD-4KI s@bmtmrérﬁxaheraiqg@meddn ﬂ'@bihévdnltnssmamadso srwl | hol es

vere placed écﬂe&t@@of?l ﬁi dacY?rﬂl:t ngl enggggmgm%kgéﬁ'oﬁ%fﬂ%&{b lr?tflattloEOS

evaporate slowy In nperat ure
rect angul ar adysaP8 vetialie spre scaipigelmawe fHICPTRDN wiawqurdauo tchay!sza 35y

needl es, oneg, @%%e?&smhhl%ﬁ@nsﬁt% 6f'i‘l%e§trrfd1'x%lf1feﬂe&?6n‘§r Elﬂ-E:él ?(‘th@f Form V.

Form | recrystal |1zation: In another experinental roce ure
puri fi cati orPeginagpend %fldl V8B, tWo haurs gf expasuregingg. sThyeg egentation gandigkinol (300
n) at nefl exso &aelnhdmotréa foOcQEVésE @Hyexsfsm ﬁ‘tob@kﬁ&ttdgnﬁgﬁw Féﬁ"rhéﬂ“ mf a

purified product, of whi ch was 1 sol tra I.on_and dried at
70 C over ni ghre cwec% Jé}r@azenﬁaﬁlaw@mee thla@a‘gw AB§3 o5 .

Al ternative a%UnYﬁﬁtf@r :iﬁet@ﬁ*ec@%ﬂkb%@ﬂaﬂosymieﬂ? equivdiems %@d h&ﬁ@réﬂ@ctﬁ)hm | ar
yi el ds and resu Propanol is a preferred solvent to

prepare G pM?Pqu%ﬁ%ﬁ %&*9%%?8 ARSFm | . The recrystalization procedure

with 1-propanol has been carried out on larger scale, approx. 2 kg scale
with repeated su ' 97 Cto
ambi ent ﬁ)? enper at té’r?/gF%g%JA&{ %“é%g%% %Srﬁs @%@%ﬁp@ﬂa% appr oz.
8 to 12 hourssr)es Rapmid pdxamnbmefmmdbdeﬁqurwnﬂusohbgic tdhpesatpreofactess andn be
sunmmari sed 6 Wasdipso nol
(.10 L) at g é‘q e reﬁ) c%oéllg‘\:/\?as n?ﬁ;erﬁ co{)ﬁd ’gﬁt%xggoourﬁmh& o%ser
about 70 i Bw@ Eo The In suWaxglgsswsmcmnm\@ assignest tocthe dhta asov i=d washed
with prechil pr 6 ut 50 C
overni ght toygzlj(/b) urt fi I Illlar?nﬁ%g f?r’lﬂhggygfbg@géto% ‘g%‘rém | product.
20 discovered in subsequcnt dxfference Fourier maps. The positions and isotropic
temperature factors for amino hydrogen atoms and the methine hydrogens on the
cyclopropyl rings were allowed to refine. Positions for all other hydrogen atoms
were calculated based on geometrical considerations and held fixed in the final
refinement stages along with isotropic temperature factors assigned 1.3(Beq) of the

25 attached atom. The full matrix least-squares refinement converged (max A/c =
0.005) to values of the conventional crystallographic residuals R= 0.044, wR =
0.054. A final difference Fourier map was featureless with maximum density of
+/-0.196 eA-3. Values of the neutral atom scattering factors were taken from the
International Tables for X-ray Crystallography.

30

The complete single crystal X-ray experimental data used to produce the
structure displayed in FIG. 32 for Form II is included in Figures 33 to 36. The
parameters presented in the tables are measured in units commonly used by those
skilled in the art.



In yet another recrystallisation study, simlar to that shown above in
Table 9, again using Il ~ieOH THF and acetone, the results are reported in
Table 11 below 1 ~ Table 11 Recrvstallisation of Ci panfvlline fromvarious
sol ventsa entry. solventconch (g/m)ti to coolb to 20-25C (m R)r. red
yield (9% pol vmocphic ¢ fornml ~MeOHO. OTE%OYOI | 2Acet oneO. 00448?4&’8'32863

| 3Acet one0. 004~ 1 aZ''14Acet one0. 004 ' ~ 1ba49l 5THF0017~l e ~33I +I | | 6THFO.
017605 8l notes: a General nethod: x g JfOIBRI -6 | 063 were suspended in vy
m of the appropriate sol veniniéiitly Makedmear DehklfoxFavaerieupon di ssol ution
occurred. The solution was then cool ed over the appropriate tinme and the
product isolated by filtration. 20 b Tinme to cool fromreflux to 20-?~C. ¢
Det er mi ned byDifffactpaeteroscopy d PEgaéNonantdapdorm i1, sone forml a Crash
cooline of saglution with an ice b . 2 April 2002 These data (Table
11 ) show t?fg"td%aéioaw crystalli satgt?ﬁ(dof"B?)Z%EQ@%OGS from~-feOH (enter; 1)
provi ded proddohochrorpadoy nor ph f or Qrdphit®SingteCstaf rom 11 was the predom nant
f orm obt ai ne%sf r@m sl.ow cool i ng of 3N acetone solution of BRL-0 1063 5
{entry 2) O &R ISYMHE of an | deRt S sol ution (entry 3) gave BRL- 61063
i n excl usi velScaf Speadt . The fast cUardidbhg?2 68 pesi/nmgtminalsintepeat ed and cave

ai ssol vod i nEreES B MeesSBRENE T MBI SR B e SRR TR Lk 7 ng T

pol ynmorph@c forns | and |11 (entrsgabyangEmcan timedgclgrotndiimelry2 ®bt ai ned 10
from sl ow coﬁa},g@olﬁlﬁ&t&ry 6) . Thesp experpments therefore provide for
anot her aspec e present invertion which is a process for producing

Form |, which process conprises pflasishtd crude Cipanfylline in an organic
sol vent, dissolving the crude prqdugte §y heating to 15 about refl ux
tenperature and then cooling to crystalize out the desired form For Forml,
the preferred solvent is 1-propand 2 la€d¥one of THF, nore preferably

1-propangy . EphddiHBrlebiddie T eactiiele §ARlardintdstRdl veAhRE TolRG Y Ne
tenperature at which

mnimumtime to cool fromreflux, or fromthe
di ssol ution of 20 the crude prod§Po¥€EtiMfed in a solvent, i.e. froma

m ni mum'ti mreTh@l NoaRBA&®Bhi:Ng a 2@kgtion, which on a commerial scale is
about 1 ~ mnutes. Preferably) tag %m mum cooling tine is a realistic time
period of about 50 - 70 minutes to WMBAYRver is desired, such as over ni ght
(i.e. 8 to 1Rinours). Preferably3 4% cooling time is about 60-70 m nutes
wth a range,to out t m nut e oyerpnight if desired. The cooling 25
tenperatzgre 8-?}‘?(2?%%?& %y om aﬁgﬁf%éc’t@ about 25C, pr eferably from
about 1 ~C tNoalfoWdnabtes; nore pre02rably from about 18C to about 2~ C.

Al so, ethanol. is an alternative gojyvent, but only if crash cooling is used.
If FormlIl i's desired than ethanol, or nethanol, is useful if a |long
cooling tineRis used 9 (see tabl034% | 1). If THF is used as a solvent to
produce Forngd, than slow coolinggsgspecessary, 30 and if acetone is used)
t han fagt, cooling is _necessary as 4Wel [ .

2 Goodness of Fit. 1.403
Extinction Coefficient. 7.869(1) x 10-7
Decay Correction: 0.9769 min, 1.1374 max
Form [V-
30 Flat needles were grown by slow evaporation from a 50/50 mixture of ethanol

and isopropancl Lattice parameters were determined from the setting angies of 23
reflections well distributed in reciprocal space measured on an Enraf Nonius CAD-4
diffractometer, and further described in Table 7 A full sphere of intensity data also
were collected on the diffractometer using graphite monochromated copper radiation

[P¥]
n

from a rotating anode source and an ©-26 vanable speed scan technique. Intensities
of three monitor reflections measured at the beginning, end and every two hours of
exposure time changed by at most +/- | 1% Three orientation controls also were



It is recognized that other conbinations of solvents under suitable
conditions may be used herein, these conbinations could include adm xture
with water, or with other organic solvents, such as DhiF, heptanes, MCN,
n-but anol, isopropanol, ethyl acetate,qJBME toluene, decai | et F206]2 of
t hese are included within the neaning of 3 ~ a ITDdIfIC&tIOI’]S1 ‘?‘

i nprovenents of the specifically exenplified enbodiments herein. It is
recogni zed t hatositired e assedstang ctiseal giavement during siansxpraarst. thatpM@daJce t he
opti mal i

| abor at ory an? (r:%\?r%éi fgggg?eggé;%n‘ﬁeﬂbtlarfﬁfxoh@ﬁd;f g %Sﬁ%é?ﬂeﬁ%ﬁﬁ 512{1]11[% Br
publ i cations, theeffeats nfjatisarptiont Svnmmt@oﬁwabatsamdfmddl rpltedmatesppérecat i ons,
~ cited in thi i &jahelepi N incorporated by reference as if
each indivi dua E%Egﬁ%g%?%ntﬂg\/ggg sal%gcﬁ fically and individually indicated to
be i ncorporPated by reference herein as though fi~lly set forth The above
description fully § sbiuLB} lRectimahdidi3toRh

enbodi nent s thereostﬁcéﬁ&%gﬁ?}{éats?ons %n |rrproverLr!en @FHEE%Q&”@%%I ment s
speci fical |y &FRes obeminpesiionsavereiitillyrefingd %fbp@terCttﬁépq‘raprmwnﬁgs afdai ns.

Wt hout furthaphehakiel amms»usdtﬁopmsd@ahmv@dparaﬁkzewer%ﬁxk&m thifirkiA& 4
can) using th p recedi ng, description, utilize the present invention to its

full est exten¥kere ;5?‘6) th&ﬂﬂhﬁp?’d”eﬁ%F%‘?f‘fﬁ“aélb’ea5§lén%t°c@¢ dalegdd =as
nerely illgstnadi we) aagclwé) 2 (ol cmn?qt Immfnstf&emsma@geﬁ aﬂe%stiaﬁcn%%ent

invention in an e .enbodi n vepfiqQn in whic
excl usive pr oﬁﬁ?qg)?“%;f“’eﬁer diseoy éﬁg{m @F%uﬁ%‘ﬁgﬂ@“% PRBEF HaPs oPesitigns for 2g 15
?pg [ IOI 2002I Whay deenC%aﬁmmﬁwcl Bed o cy cfoptéﬁﬂtrﬂéth Bﬁe mbdm?h cﬁl;sugxtetd based “

i -cycl oprop ~ | - m no ~c at _exhibits an X-ray
pourler 111 1 aEh BPMBCALF PR RGS 2Ad Meidk Brocin e Bodh denaspets iages Hh0g
spaci ng (A) i mtﬂasmm;ﬁd: fgnpeths faciors aﬁsxgmﬂrloimeq)a:bﬁdhﬁ aktdchidd Aront - ?QQ 8a32.

4. 239, d ~ tal l h
05730y T2 B AR RORGGESR I PR oSl b Bl o
i nfrared absoTht fudbhmamex teastsquargsatisamennconvargai(mayv Ay =cO.91 pot eilisstafc

sure b0 3 bi‘“@?y@?ﬁ‘ﬁ?’%ﬁ%@@ﬁ&% PR O08L NS (0T PRl :anm EZ)
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x 0.08 ngﬁOCry abdes 51501 Piyace G oup Pl triclinic #2 Tenperature
29K Cell Constants a = 10.829 (2)~ b = 12.636(2)a ¢ = 5.105(3) N al pha (a.)
= 99.48(4) beta (~) = 91.53(4) gamm (y) =33.8-t(3) Volune 68.0(8) N 3

| 1ol sculeslunit cell (Z2) 4 Density, (p) g~cm3 1.34 i.~0~ cm F(000) 292 the
atomic positions of all atons relative to the origin of the uctit cell as
represented in the tables of FIGURES 12 to | ~. 4. A crystalline pol ~norph
of 1, 3-di-cyclopropyl nethyl-8-amno xanthine, Forml, that exhibits a

Ras- nan Spectroscopy pattern as ezpr?ssed in Fige:re ~..



29 15 April 2002 A crystalline polyrnorph of

1, 3-di -cycl opropyl net hyl - 8-ammo Yanthine, Form 11, that exhibits an ~C-rav
powder diffraction pattern having characteristic peaks expressed in d
spacing (.~) in decreasing intensity, approximately 12 0Qg, 2 D=

3.687, 3.;73, and 7.34a and as expressﬁ% in Figure 2. 6. ~~q§r'§‘/§'£"a$PPﬁe

pol ynor ph of 1, 3-di-cycl opropyl net hyl - 8- q,m ng xanthine, FormlIl, that
exhibits an infrared absorption spectn~m iawep'ot assi um brom de havi ng
characteristic absorption bangsemxphMzassemen DLEERIRgAl[centi neters as
described in Figure 21. 7. A crystalline pol vimor ph of

1, 3-di -cycl opropyl net hyl -8-am no xanthine, FormIl, that exhibi is a singly
crystal X-ray Difirsdtaimergr aphi ¢ anaEysif doniusICADyst al paraneters that are
approxi mat el y al to the follow pg; ysta ape (nmm: Rectangul ar

bl ocks Spage Cﬁ%ﬁaﬁ‘% |/ ¢ monocl i nﬁgKﬂ&—&aP%O%nstants a, = 12.227 (4) ' .
b = 7.4-18(2)iMosiochrdshad46 (8).~ b&raphité S)ngte Ofysdb(4) Vol ume 1348.1(9) ~I 3
Mol ecul es/ uni t. cel }&%ﬁ 4 p (calc), %nsi ty 1.356 g/cm3 a 0.896 cm 1 F(000)
~ 84 8. A crystAMTERYIRY yior ph of ©FO35H1 - cycl opr opyl net hyl - 8- ani no

xant hi ne, FonrSdzh Speétat exhi bits aVRaanhn2 Spec briodeganiy- bimta ern as expressed

cant hine, . For macbeEtE Ment BB TP sl B L B el ™ "

crystal had®ing characteristic absocpt ramgesaanitmesbpclgseed time FeXd pr ocal
centinmeters a descrhned in Figures 18y 2400r 2~. 10. A crystalline

pol ynor ph of ?%"%:8“85%1 opr opy! met hyT - -‘aélng) no xanthina, FormIlV, that
exhibits a single crystal :~Cray <dtystalllographic analysis with cn~stal
parameters that are appra~imate(y qqual <49 the follow ng: Crystal shapa

(m) Flat needles Space Group P1 triclincc -:~ 30 15 April 2002 Cell
Constants a = 10.2 m(3) :~ b = 13.-38BE?) .~ c = ~.9~+=(3 | ) :~ alpha (a)
= 97.9(?) { bet ions9~(~)  OBFERstiNdardsdd Jevery Tk A163) .~ 3
~i ol ecttlles/tﬂau(”taé%’g)eﬁ@e?’z‘?"sz Density.. aecn 8 1‘.’%%’(5%18."3‘?@{'"’35?3 [faged

gol yrnorph of 1, 3-di-cycl opropyl mERGIWBURAI no ~cant hine, Form |V, that
exhibits a RaTgadNIPREHEQRROPY patiloegn as expressed in Figure 6. 1Z. A
phar maceuti cal conposition conpri s’i ng an amount of a pol ynorph of Form I,
according to any one of Clains 1 t"(91~tu,mqélﬁd a pharmaceutically acceptable
carrier or diRignt. 13. A pharmacew%cal conposition conprising an anount

of a pol ytgpor ph, of rm il .accordi t ny,. one of Clains 5 to 8, and a
phar mceﬁcaﬁoyogégm%qb?%tacar ri e}gg%rlgdf?eﬁent . 1~. A pharmaceuti cal
conposi ti on chiopof Bamaplan anount @P2 pol y~rnorph of Form |V, according to

any one of Clgj ms 9 to 11, and a phgy maceutically acceptable caw er or
di | uent. ‘

R: 0.049% ]
Rw 0.071%
25 Goodness of Fit 2 095
Extinction Coefficient: 1411(D)x 10-6
Absorption Correction: 0.911 min 1 088 max 0.997 ave

The complete single crystal X-ray experimental data used to produce the
30  structure displayed in FIG 26 and 27, for Form IV is included in Figures 28 to 31.
The parameters presented in the tables are measured in units commonly used by those
skilled in the art.

The resuits of a single crystal X-ray analysis are limited to, as the name
35  implies, the one crystal placed in the X-ray beam. Crystallographic data on a large
group of crystals provides powder X-ray diffraction. Ifthe powder is a purs
crvstalline compound a simple powder diagram is obtained. To compare ths results



15. Use of a poly~rnorphic FormI| of 1,3-di-cyclopropyl methyl-8-am no
xant ht ne accordin' to any one of clains 1 to 4 in the manufacture of a

medi canent for the treatnment of a PDEa nedi ated di sease. 16. Use of a

pol ymor phic Form Il of 1,3-di-cycloprogy nethyl-8-am no xantﬂ% ne accordi ng
to any one of clainms ~ to 8 in the manufacture of a medi cameh? ARSH 4012
treatnent of a PDE. ~ nedi ated di sease. 17. Use of a polynorphic FormlV of
1, 3-di - cycl opramdinglettyglal Sratysisirod pawd i Xeapenatysti agimpte catvylaoioe cef bel ai ms 9
to 11 in the f : ' ; t 0 e
rodi at ed di scann? comsflif y ShalPO TN il pllfer .58} EEant SHELIH. Plus

1. 3-dt - ¢, ~cl ofFrepemarkheemputer Fogrmh Reterarnerypruahiie Siemiens-Analyuea) Yory of
claims 1 to =Xngnid@psacioup et ra 1e0h CoRERbn/epdiod RS oLHsR bR fe 2

Ti ~F medi at ed doease. |9.” Ltse of ~a, polynmorphic Forml.l "of

1, 3- di - cycPoprsdigia GrEstrhIXPUmARLTBULIEHE gﬁtﬁm%é@ aheelk GMERsionin 8DasE 2EAUR N ~
to 8 in the myRuhaskidip8sidbn? TR ﬁﬂmeﬂerg‘l\i%wmea pasiees eRAlaeta Rritbipovrsrat ed
di sease. 30. L'se of a pol vn&;pgl‘.ﬁ Fgrm of

1, 3- di - cycl opPABFMmSIHPArBE LS RYCUARE RPIECTRAGFHANLNE BORAST RAEETD ¢l ai s 9
to 11 in the RRpdHnmiAllyOWRAIng f&HadaTe BbIIdcEbn bheryitaRAVITRBALA ifahel reshits

nmedi at ed dlseag .21, 4. rocesi for producing a crystalline pol ynorph of

|, 3-di - cycl opP E'S?ItH@ttﬁ UEHArd "% 84%i ne, Form |, ~~~hich process conprises
a) dissolypng I, 3-di-cyclopropyl net hyl -8-am no xanthine in |-propanol; and
b) cooling thg solution,to cr | ].i ze out of solution the dasired

pol ymor phi ¢ Fewiaypowder difract according to Claim2l wherein the

1- propanol is adm Xechy-powdeh diffdaion sB3wed diffeenossdmsweacailrtitgedotms & ai m 21

wh [ th | ] { t zi | t t 2~ C -1. Th

wher o e BRSPS Erin AP Db RS sl B o

about 1~ to abaensistanp @anéhmg difraciien pattempwersasbtainescior daghgset. oT s darmig 1

wher;.in H’eZél%E'é_nI?édﬂ'i;n'Fi.gﬁ'egE%ﬁ@b‘ﬁ@%ﬁpy hating the 1-propa.nul to r~flu~
..~ process For pro

condi ti ons. ucing a crystalline pol ynorph of

|, 3-di-cvcl opropyl nmet hvl 8-am no ~anthine, FUCCI| |, which process conprises
a,) dissolvin Lectrbed R, | met hyl - S-am no xanthine in tetrahydroh:ran
ur acetone; a solution to crystallize out of solution tha

desi red pol yt nor phige méapgd absorption spectra has positively identified the existence of
- Ah. A3, AYL . Al Fddds- IAT andAV? - Tils ddta 19/ B 7¥sen@d. inFighbes& 6/ o R5E¥r compound, single
20  crystal and crushed crystals of the various polymorphic forms.
In a compression and grinding study Form I was shown to be stable to
compression and grinding, while Form II was shown to be stable to compression but

not to severe grinding.
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Comparison of the IR spectra of Forms I and IV shows notable differences.

The prominent band in a putative methylene deformation region at 1430 cm~! (with a
shoulder at 1442 cm” 1) for Form I is split in Form IV to give a band at 1424 cm~! (with
a shoulder at 1434 cm~!) and a band at 1455 cm~! (with a shoulder at 1466 cm-1) The
carbonyl stretching bands in Form I occur at 1648 (with a shoulder at 1656 em-1) and
30 1682 cm-l, whereas Form IV they occur at 1656 cm-1 and 1694 cm!. Weak features
in the Form IV spectra at roughly 2000 and 2300 cm-1 are absent in Form [, but these
may represent overtones frcm the carbony! region.

These spectra were recorded using a Spectra-Tech Plan II microscope
coupled to a2 P-E 1760 FTIR spectrometer (64-256 scans, ratio mode, MCT detector,

("2}
U

4cm-! resolution, dry air purge). Spectra of samples without sample preparation
were obtained by mounting crystals on a diamond window Crushed crystals were
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"109%& ()-!'s sﬂ:@&’Md&r@N \Gﬂlﬂﬁ&:o&)s(t )nasllﬂi’/dx&&te(n):e oddirnddin the regions 1660-
1023710% & ( )1656\!8 1)26?)BH_8%, }8’66 g&&,(@n‘g S(Ob -750 cm-1. However the crushed crystal
spectra of Form IV are very similar to the crushed crystal spectra of Form 1. For
these IR spectra, Form IV crystals were obtained in the presence of those of form II.
25 by slow evaporation form 50°50 ethano!l" isopropancl and separated by hand
Conversion of Form IV to Form 1 is pei‘haps not surprising; three dimensional X-ray
diffraction data indicates that molecular conformation (aside from orientation in the
cyclopropyl groups) and hydrogen-bonding (in terms of specific interactions) are
similar in Forms [ and IV. In forms I and IV only one of the amino hydrogens is
30 involved in hydrogen-bonding (this contrasts with Form II, in which alt hydrogen
donors were found to be involved). These findings relate well to the conclusions
drawn from the single crystal infrared spectra of the three forms, where the N-H
stretching regions of Forms I and I'V are similar, and different to Form II. Forms 1
and IV each have a band near 3455 cm-1 which is assigned to an unassociated NH
33  function. In Form II this band is absent and it is clear that all hydrogen donors are
involved in hydrogen-bonding
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forms, allowing them to be readily distinguished
10 Form IV, under pressure has been shown under some circumstances to
convert to Form I, therefore, conventional sampling techniques, such as alkali halide
discs, or Nujol mull, may not be the best way to obtain infrared spectra for this
polymorph as the time involved in selecting appropriate sized crystals and obtaining a
good quality spectra is high.
15 Raman spectroscopy provides for a quick method of distinguishing Forms I,
IT and IV from each other without the need for sample preparation.
Spectra were recorded using a Perkin-Elmer 2000 FT-Raman spectrometer
equipped with an Nd: YAG NIR laser (1.064pum). The scanning conditions were 64-
256 scans, quartz beamsplitter, 4cm-1 resolution and 1W laser power. The spectra of
20 Form IV (Figure 6) shows a significant amount of Raman scatter from the glass vial.
This is seen as an underlying cruve with a broad maximum near 400cm-1 Glass
makes only a minor contribution to the relatively intense spectra of Forms I and I
(Figures 4 and 35) )
The Raman spectra of Forms I, II and IV show numerous differences and are
23 readily distinguishable. The carbonyl stretching region, 1750- 1600 cm-1 (Figure 7)
shows the most marked difference between the forms (as was found to be the case
with the IR spectra recorded from single crystals (shown herein as Figures 16 to 18).
Significant difference exist between the three forms over the range of 1000-800 cm-1
(Figure 8). The region 400-200 cm-1 (inaccessible when recording spectra using an
30 infrared microscope) also shows signficant differences (Figure 9), though sensitivity
in this region is relatively poor due to detector response.

Heats of Solution
Heats of solution were determined using acetone and methanol as suitable

solvents. The endothermic values are given in Table 8 below Different polymorphic
forms give rise to different heats of solution. This is demonstrated by the data
obtained herein. The value of HT, the heat of transition, s equal to the difference in
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Table 8
Form Methanol Acetone
(kcal/mol) (kcal/mol)
1 4381 3.93
2 6.47 5.59
AHT 166 1.66

Thermal Analysis

10 Differential Scanning Calonimetry (DSC) could not differentiate the three
forms of Cipamfylline. In each case thermograms showed melting only with similar
onset and peak temperatures, typically Tg 312, T 314°C. However, when the heating
rate was reduced sufficiently, the melting endotherm appeared as a fused melt, i.e. two
components melting. This behavior was common to both Forms I and II.

15 Thermomicroscopic observations showed that all three forms sublime. The
onset of sublimation was different for each form and continued over a wide
temperature range (130 - 290°C on a non-calibrated instrument) This is not evident
on the DSC thermograms. Melting occurred over a range (310-323°C on 2 non-
calibrated instrument) for all three forms. The possibility of two components melting

20  consecutively could not be distinguished The sublimate was collected for all three
forms and analyzed by IR and NMR. This showed that Form I had been produced

Forms I, and II were annealed and were found to have converted to Form I by
IR. The annealing procedure consisted of heating at 10°C/min from ambient to ca.
250°C and holding at this point for 1/2 - [ hour, then allowing the sample to cool

18]
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slowly to room temperature.
The above thermal experiments appear to indicate that Form [ is the most

stable form. This could explain the similarity in melting points of the three forms,
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10% & ()-3(310% & () - 3' X

Solvent Rate of Recovery Polymorph
Cooling produced

Ethanol slow 5% Form I

Ethanol very slow 75% Form II
Methanol slow 70 % Form I
Acetone fast 2% Form 1
Tetrahydrofuran  fast 33% Forms I and IIT*
Tetrahydrofuran  slow 58% Form I

*In the case of THF (fast), it appears that the Form I produced is contaminated
with another form, Form III. All data indicates that Form I could be a
polymorph, but has not been characterised as it always seems to be produced in
mixtures. Slow cooling in this solvent produced Form I.

Form II recrystallization:
Another experimental procedure used to recrystallize Form II from a

solvent mixture of methanol/2-butanone as follows:

Solid material from a cipamfylline sample was added to an aliquot of 2-butanone
in a glass vial and warmed gently on a hot plate with stirring. Methanol was
added drop-wise to the stirring warm solution until all solid material appeared to
have dissolved. Small holes were placed in the plastic vial cap and the clear,
colorless solution was left to evaporate slowly in a hood at ambient temperature.
Rectangular crystals of Form II appeared within 11 days.

In yet another study, Cipamfylline (1g) was dissolved in EtOH (55 volumes)
and cooled the solutions to 20-257C over | hour and 4 hours respectively. The

results are shown in Table 10 below.
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polymorphic form II.

Form IV recrystallization:
In another experimental procedure for recrystallization of Form IV, solid material
. 10 from sample a Cipamfylline sample was added to an aliquot of isopropanol in a
glass vial and warmed gently on a hot plate with stirring. An equal volume of
ethanol was added and stirring continued until all solid material appeared to have
dissolved. Small holes were placed in the plastic vial cap and the clear solution
was left to evaporate slowly in a hood at ambient temperature. Over a short time
15 rectangular crystals of Form II appeared followed in several days by needles, one
of which was used for the structure determination of Form IV.

Form I recrystallization;
In another experimental procedure for purification of Cipamfylline, (15.5g) was

20  dissolved in n-propanol (300 mL) at reflux. Cooling to room temperture lead to
precipitation of a purified product, of Form I which was isolated by filtration and
dried at 70 °C overnight. Wt. recovered Cipamfylline = 11.96g; Yield = 63%.
Altemative solvents, such as n-propanol/water, 3:1 also lead to similar yields and

results.

2
W

As noted above, 1-Propanol is a preferred solvent to prepare Cipamfylline in
polymorphic form I. The recrystalization procedure with 1-propanol has been
carried out on larger scale, approx. 2 kg scale with repeated success.
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@#10%N #[ & () - &Tmutes to overnight (approz. 8 to 12 hours) Form I has been formed
reproducibly.

This process can be summarised below:

Crude BRL-61063 (2.06 kg) was dissolved in 1-propanol (40 L) at about
97 °C. The reaction was then cooled to about 18 °C over about 70 minutes. The
resulting suspension was filtered, the solid washed with prechilled 1-propanol (3 x
0.6 L) and dried in air at about 50 °C overnight to give purified Cipamfylline

N

10 (1.85 kg, 90 %) Form I product.
In yet another recrystallisation study, similar to that shown above in Table 9,
again using MeOH, THF and acetone, the results are reported in Table 11 below
15 Table 11 Recrystallisation of Cipamfylline from various solvents2
entry. | solvent |conc™| timeto | recovered | polymorphic
(ml) | coolP to vield ¢ form
20-25°C (%)
(min)
1 MeOH | 0.018 60 70 II
2 | Acetone | 0.004 40 64 1d + 1
3 Acetone | 0.004 ~1€ 22 I _
4 Acetone | 0.004 ~1¢ 49 I
5 THF 0017 ~1€ 33 I+ 11
6 THF 0.017 60 58 1
notes: a General method: x g of BRL-61063 were suspended in y ml of the
appropriate solvent and heated to reflux whereupon dissolution
occurred. The solution was then cooled over the appropriate time
and the product isolated by filtration.
20 Time to cool from reflux to 20-25°C.

o Q o o

Determined by IR Spectroscopy
Predominantly form II, some form I
Crash cooling of solution with an ice bath.
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minutes with a range to about 120 minutes to overnight if desired. The cooling
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temperature is preferably from about 0°C to about 25°C, preferably from about 15°C
to about 25°C, more preferably from about 18°C to about 25 °C. Also, ethanol is an
alternative solvent, but only if crash cooling is used. If Form II is desired than
ethanol, or methanol, is useful if a long cooling time is used 9 (see table 9 or 11).

If THF is used as a solvent to produce Form ], than slow cooling is necessary,
30 and if acetone is used, than fast cooling is necessary as well.

It is recognized that other combinations of solvents under suitable conditions
may be used herein, these combinations could include admixture with water, or with
other organic solvents, such as DMF, heptanes, MeCN, n-butanol, isopropanol, ethyl
acetate, TBME, toluene, decalin, etc. All of these are included within the meaning of
a modifications or improvements of the specifically exemplified embodiments herein.
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It is recognized that this is within the skilled artisans means to produce the optimal



10 10 10! -"10%& ()- “-"10%#~& ()- -"10%& ()-
, GLO%#& ()-&Ffffg-h#tii|[:[M \11090"& ()- fS 109@#& ()- y!'10% & ()-z f
100R4#& ()-z ' 109R#& ()- &LOWR#& ()-ijj 7kl m|[: [ M v L" 10%Q' & () -
TL"10%2" & () - LT 109%#2##& () - - 109%R2#& ! 10%?#&
F 1 10948 8 N&o) 0%p&p’ p(E)?IrpSva4 D: 10% ()-z 10% #f& () - 10244854 2692
@210%’2#&' 0)-, yOlO%?#&' ()- y/ 10%’2#&' ()- 3prprppp| [ vi4d D &F 109 #f & () -
O 10% & ()- 1096 #f & ()- v’ 109& ()- ~109&' ()- :10% #f & ()-zppAqfqq
r;#rll)([)/; ;#Jg E)) Z%‘S%%?@%Fﬁflﬂg?‘g‘%‘%mn c}rp{qabo}ia%or@and co%r/rj\erég‘al(sza!e ug)m/g ae& (0)-
Z109% f & () - Z10861oKirés) herd0% f & () -Z10% f & ()-YZ10% f& ()-Zr[rbrfrgrrrrxXo
YZ10% f & ()-Z109% f & () - YZ10% f& ()-Z10% f& ()-YrrrrrrrrpX<d
Z10% f & ()-YZ10% f & ()-Z10% f& ()-YZ10% f& ()-Z10% f& ()-rrrrrrrrsW4
Z109% f & () - 21096 f Al pullationy, &icly mrmbl%m&il@ted’mpﬁ&ﬁ&a(‘d patentappliclisrX @t
YZlO%f& Z 4 f

100 #&(%) %%dﬁntx ifbg peggr%gt(gn%nﬁ%ﬁqgrk rddd gQ?e%&er?ée'“h?%Eﬁ%%mdual
(1 109#& () publgtatib@os ¢re spacificatipaidingjvidual xyzhc[a{ﬂ fo: bega@uporated Wy &' () -

109 " H&! N' 10% " &
$10% " & () - 1£ %’ffﬁrf%%w&%&h&%?“%ﬁ@%‘&& & 0%& 0- c(lza% & ()--
“10%@ @& () -2 |10%@@L() 10a10a| DR [[}][:A910a ° 10%@ @ ()- °

lgg%%)()}}}f?(}y}}kd 9100/ ﬁé MMC() R Saighrion includi " i boan () -
109@@x ()\0}} Jemborimenes *Cﬁﬂw Wbﬁ)@f%ﬂ%) 1~

&Fﬁé‘i%ﬁ“”ﬁ%& %lo(séd AR (u)thm%@a )ofmé’/@u(n)g frari]mg~w i“@?i‘%v/%"%@
0 0 ~>~ ~X 0

- 109@R& ()- 1 i%%*s(‘g%w)ihﬂéa% éég i*t?oméﬂﬁ‘ e}m%thegfeefé%& () -
"Ns/"10% & (d)esc]r% UERat(lize U nf Dnvéﬂm 1(s)fulfesv%em LPHeESY6r8 the Exdenples

3" 10% & 310
L géw/aﬁ@%scé%ﬁ ic,gzefsl‘z skﬁ’)sté%‘% %almﬁgm@f 2 escmg)ofg
2;@08; ()1; (;ﬂﬁé)@fe&n( )nvzﬁdufd havidvay’ The&rrib@%'ﬁmts( bftSE)movﬁ/gtfbéﬂi(%{?N'&?cen] ) - x
Oa a 0 N V
512 10% "' & () exc‘“%?ﬁ?%"“"&"{ ?“‘g Eeéeiso%meé%(ﬁ 5‘%14:25%3‘501{1 O ()-10f"f10f" f10f f

T 6"109%6"f& ()-S>l[[:vU4 C COF""10% & ()-m “9F""10% & ()-m
OF""109% & ()-m "10%4"]& ()-f s"10%0' Q& ()- 's"109%! k& ()-a~vU4
“109%"& ()-S ""110%"& ()- 110%"& ()-10'"'10'"'10'"' “99y10% "' & ()-
TUOF""10% ' & ()-nvnZ| [ vU4A  C C#10%1 z& ()-!° C#10%! & ()-!° #10% " & ()-!
Q#10%-1 & ()-! ", 10%"& ()- ,10% "& ()-Zf UEGH|[: - 4106r"6°

6" 1096r"68& ()-S T6"10% & ()-S 410%"& ()- #10% W; & ()-!
“#109&! E& ()-! " #10%! b& ()-! H J[bA4L106r"6° " F 109R#& ()- ~ 109R#& ()-
CglO09R#E ()- - 109R#& ()-S ":109R#& ()-106r"6106r"6 | Z9A4106r" 6
S OSHI0WRHE ()- &1 9SHLO%H+& ()- °  109R#4& ()- ° - 109R#& ()- ":10% & ()- s
109R#8&' () - E9, | [ -4108R! & " &#10%&RI && ()-9 " &#10% & ()-9 | &#10% ": & ()-9
&HL0UC2HCE () -9 " yFUSLON" & ()- " 9SHI0W & () -prbAdIOERI& s 108" & ()-
1098" & () - 0%& ()-- "~ @1098"& ()- ~ 1098"& ()- 10&R! &10&R! & z_; A410&R! & .
#3v 1098" & ()- £1098" & ()- &1008" & ()-&1098" & ()-& s 1098" & () - dHAG10&R! &
#3v 1098" & ()- &#3v 1098" & ()- &1098" & ()- &1098" & ()- &1098" & ()- & _?A410&R! &
#1098" & () - &1098" & () - &#3v 1098" & ()-&1098" & () - &1098" & ()- & ?A410&R! &
#1098" & () - &1098" & () - &1098" & () - &#3v



1098" & () - &109B" & () - & #_?A410&R! &

- #1098" & () - &1098" & () - &1098" & () - &1098" & () - &#3v

1098" & () - &#$49>0P <A4108&R! & ##3v

1098" & () - &1098" & () - &1098" & () - &10%B%§ () - &#3v P ejgrs’ 0

-##310%3 & () - &#3v 10%3 & ()-&10%8" & (f 8&1098" & () - &1098" & ?ﬁé)ﬁ’ ?ZS?AZELO&R'
, & 109%KK" k&@ %10%~K~&() & 11006 K'1& ()-1& 10%1& ()- °

&I 1096KK" X&' () 7Ef‘f&‘r’ bwe@lz) SvZ: 10&RI & 10% ": & ()-{ 10%": & ()-{ (

ié(}% &&(g){ of 10% ": & ()- '10K'10K"10K" aOY" 109" & ()- )CQ/Z 10&R! &

%' % 10%

10%": & ()-{ ) 9568>é~g@§f2“1@m%“9é%?oéf 1&? Pﬂ CYéngéﬂ)&&i“‘ff&ﬁt‘;‘ -$- asz%? i‘afk{h'{‘f form
)1 S(ylo% & () - {Omgeo/%}hlg,tgn{( o\w]deyhﬁﬁ&twﬁﬁn&niﬂ%xgo&f(‘)lz(r)lct{BrIWpeak& ()-{
100/2- 8 E (1 %ress&% i g‘{spacmcréL )m decre(asm mtegsm; g?];p'):pr%%éately 1(2)352 1.702,

8.532. 4.289, and 2.834, and as expressed 1n Figure 1.

2. A crystalline polymorph of 1,3-di-cyclopropylmethyl-8-amino xanthine, Form
I, thatexhibits an infrared absorption spectrum in potassium bromide having
characteristic absorption bands expressed in reciprocal centimeters as described in

Figure 20.

3. A crystalline polymorph of 1,3-di-cyclopropylmethyl-8-amino xanthine, Form
I, that exhibits a single crystal X-ray crystallographic analysis with (a) crystal
parameters that are approximately equal to the following:

Crystal shape (mm) Flat needles .

Crystal dimensions 1.0 x0.12x0.08 mm

Crystal color Colorless
Space Group P1 triclinic #2
Temperature 295K

Cell Constants a=10.829 (A

b =12.636(2)A
c=5.105(3)A

alpha (a) = 99.48(4)
beta (f) = 91.53(4)
gamma (7) =83.84(3)

Volume 685.08) A3
Molecules/unit cell (Z) 4
Density, (p) gem=3  1.354

LL 7.362 cm~1
F(000) 292

the atomic positions of all atoms relative to the origin of ths unit cel as represented in
the tables of FIGURES 12to 13.

4. A crystalline polvmorph of 1,3-di-cyclopropylmethyl-8-amino xanthine, Form

I, that exhibits a Raman Spectroscopy pattern as expressed in Figure 4.
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7. A crystalline polymorph of 1,3-di-cyclopropylmethyl-8-amino xanthine, Form
I1, that exhibits a single crystal X-ray crystallographic analysis with crystal
parameters that are approximately equal to the following: -

Crystal Shape (mm): Rectangular blocks

Space Group P2 /o monoclinic #14
Cell Constants a=12.227 (b4
' b =7.448(2)A

¢ =14.946 ()A
beta () = 97.95(4)

Volume 1348.1(9) A 3
Molecules/unit cell (Z) 4

p (calc) Density 1.356 g/cm-3
L 0.896 cm-1
F(000) 584

8. A crystalline polymorph of 1,3-di-cyclopropylmethyl-8-amino xanthine, Form
I, that exhibits a Raman Spectroscopy pattern as expressed in Figure 3.

9. A crystalline polymorph of 1,3-di-cyclopropylmethyl-8-amino xanthine, Form
IV that exhibits an infrared absorption spectrum of a crystal having characteristic
absorption bands expressed in reciprocal centimeters as described in Figures 18, 24 or

25.

10. A crystalline polymorph of 1,3-di-cyclopropylmethyl-8-amino xanthine, Form
IV, that exhibits a single crystal X-ray crystallographic analysis with crystal
parameters that are approximately equal to the following:

Crystal shape (mm) Flat needles

A o~

Space Group P1 triclinic 52
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diluent.

14. A pharmaceutical composition comprising an amount of a polymorph of Form
IV, according to any one of Claims 9 to 11, and a pharmaceutically acceptable carrier

or diluent.

15. Use of a polymorphic Form I of 1,3-di-cyclopropylmethyl-8-amino xanthine
according to any one of claims 1 to 4 in the manufacture of a medicament for the treatment

of a PDE, mediated disease.

16.  Use of a polymorphic Form II of 1,3-di-cyclopropylmethyl-8-amino xanthine
according to any one of claims 5 to 8 in the manufacture of a medicament for the treatment

of a PDE, mediated disease.

17. Use of a polymorphic Form IV of 1,3-di-cyclopropylmethyl-8-amino xanthine
according to any one of claims 9 to 1l in the manufacture of a medicament for the

treatment of a PDE,; mediated disease.
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13. Use of a polvmorplic Form [ of 1.3-di-cvclopropylmethyl-3-amino xanthine

according to anv one of claims | to 4 1n the manufacture of a medicament for the treatment

of a TNF mediated disease.

19. Use of a polymorphic Form II of 1,3-di-cyclopropylmethyl-8-amino xanthine
according to any one of claims 5 to 8 in the manufacture of a medicament for the treatment

of a TNF mediated disease.

20. Use of a polymorphic Form IV of 1,3-di-cyclopropylmethyl-8-amino xanthine
according to any one of claims 9 to 11 in the manufacture of a medicament for the

treatment of a TNF mediated disease.

21. A process for producing a crystalline polymorph of 1,3-di-cyclopropylmethy!-
8-amino xanthine, Form I, which process comprises

a) dissolving 1,3-di-cyclopropylmethy!-8-amino xanthine in I-propanol; and

b) cooling the solution to crystallize out of solution the dzsired polymorphic Form [.

22.  The process according to Claim 21 wherein the 1-propanol is admixad with

water.

23.  The process according to Claim 21 whersin the cooling temperaturs is from

about 0 to about 23° C.

24.  The process according to Claim 23 wherein the crystalljzation time is from

about 13 to about 120 minutas.

23. The process according to Claim 21 wherzin the xanthing is dissolved by

heating the 1-propanol to rsflux conditions.

26. A process for producing a crystalline polymorph of 1,3-di-cvelopropyimathyl-
8-amino xanthine, Form [, which process comprises

a) dissolving 1,3-di-cyclopropylmethyl-8-amino xanthine in tetrahydrofuran or

acatons; and
b) cooling the solution to crystallize out of solution the desired polymerphic Form 1.



