WD 2010/ 068181PCT/ S&2009/ 000473 1 11 -(2-PYRRCL ID N1

- YL- ETHOXY) - 14, 19- Dl OXA-5, 7, 26- TRI AZA- TETRACYC

LJ 19.3.1.1(2,6).1(8, 12) ] HEPTACOSA-

1(25), 2(26), 3,5, 8,10, 12(27), 16, 21, 23- DECAENE Cl TRATE SALT 5FI ELD [ 0001]
The present invention relates to the citrate salt of
11-(2-pyrrolidin-1-yl-ethoxy)-14, 19-di oxa-5,7, 26-triaza-tetracycl o[ 19. 3. 1.
1(2,6).1(8,12)] hept acosa-1(25), 2(26), 3,5, 8, 10, 12(27) - decaene. I n
addi tion thvé”)ﬂloé’gﬁﬁlt invention relates to pharmaceut ?%ﬁ?%%*’ﬁﬁ“&%ﬁ tions
containing the citrate salt and nethods of use 10of the salt in the
treatnent of certain nedical conditions. BACKGROUND [ 0002]

Theconmpoundl1l- ( 24pi2RPYRROLDIN-1YL-ETHOXY)-14M 9ANOKAS 8,26-TRIRBAL r | aza-
tetracycl o[ 19. 3. 1. 1( 5 3,5,8,10, 12(27), 16,
21, 23- 15 decaene (é’n%%%‘%%@#a%?ﬁ%@ﬁg%@ﬁ%%ﬁﬁ%ﬁ/ SG2006/ 000352
and shows si gni f i1¢28)12(28),88,8,4042(23),p6a1,28-DEQAENE CITRATH SALRgent for the
treatment of a nunber of nmedical conditions and clinical devel opment of

this conmpound is underway based on the activity profil es-denonstrated by
t he conpound. [0003] In the devel BiakEnt of a drug suitable for mass

producti o ti Y. rci C abl.e s of. dru
activity gSQ‘?ﬁsﬁ I}eh l%%lﬂtg' 98@5‘?% Heil%%segﬁetpg cgtﬁaﬁél s@heOflo(? ¥“§18yrm1r'ﬂ'8'r1t'§'nt

vari abl es dthaty)-14,49-dloaa-Sch26-tiaradetracpelo[d artpl(2,6).1(8, 12} ke@acdsar nul at i on of
phar maceut j . gal LEi LE Ak S ql tiv h t he pharnmpceutj.cally
active sub‘s@%nzégé}?é@?h&ﬁ&g?%é‘?hét’i -d(%g%ér%é rlﬁl %%‘ﬁ‘f"f/‘ %prp{)%f’ﬁggdm‘ieﬁl'%[‘
commer ci al relaesitb abamracagticat corasssitmns coltaioingitise citvdta shit and mgthdde ofugehst and
t he condit j.Qns i h Lcal L.y active substance is exposed.
WO 2016@06‘5%@61% ﬁ%ﬂ%gglﬁ%ﬁé)ﬁ‘?%&agﬁﬁg%aﬁc%%}{%ﬁh&nuf acturing sense it is

i nportant that during commercial manufacture the nmanufacturing process of
t he pharnaceutically active subst NERGRD h that the sane material is

reproduced when the sanme manufacturing conditions are used. In addition it
i s desi r alP@0Z hakhet hecqmiraund c e utti-@edyrplidiet iykethexh 94 Aeatioxaxd, 8,26-tiazaa sol i d
5 formwh LIRB | ' k4 not lead to
maj or chaﬁégé%lﬁﬂtghﬁhzﬂg%ﬁa@'8@%@%@%3%%%%@2%&? ﬂ?glzkéyﬁgtgztzﬁ\%g subst ance
produced. Jespens dGpnpound |)swagplost describedhan ROESGRMNGGAN362 i argl phaveess

produce nmei&figcaht fiaisa%hd 4 héﬁfﬁﬁﬁﬁc\é tivk RGeMITOPRE ! lhGinbaP! €
basis and a slo produce ns’at gl’l a avi ?1% t he g?ame Ievgﬂegg?é?ﬂgg?gtﬁ%ng%? 10
of medical conditions and clinical development of this compound is underway based

on the activity profiles demonstrated by the compound.

2 &

20 Compound |

{0003] In the development of a drug suitable for mass production and ultimately
commercial use acceptable levels of drug activity against the target of interest is only
one of the important variables that must be conéidered. For example, in the
25 formulation of pharmaceutical compositions it is imperative that the pharmadeutically
active substance be in a form that can be reliably reproduced in a commercial
manufacturing process and which is robust enough to withstand the conditions to

which the pharmaceutically active substance is exposed.



100051 In addition it is inportant that the pharmaceutically active

subst ance be stable both to degradation, hygroscopicity and subsequent
changes to its solid form This is inportant to facilitate the

i ncorporation of the pharmaceutically active substance into pharnaceuti cal
formul ations. If the pharmaceutically active substance 15 is hygroscopic
("sticky") in the sense that it absorbs water (either slowly or over tinme)
it is alnnﬁézmw@gﬁﬁlble to reliably fornmul ate the phgiReavhisal |y active
substance into a drug as the anmount of substance to be added to provide
the sane dosage will vary greatly depéending upon the degree of hydration.
Furt hernore varlatlons in hydration or solid form ("polynorphisn) can

lead to cﬁ%ﬂ%és n ‘i‘]”‘ﬁ‘ﬁ?@F‘(‘:’BUQ:F@?PdtdF PRt ihak duringeromypprpiakipamibadiel i ty or

di ssol uti e m@h@‘act\ﬂmngro@@dQ dfthe pidimbeafichlfy Ach¢PaHsEInBE be QLA thaP@ar ption
in a pati egé?ﬁdLOOOG Accordingly, chemcal stability, solid state

stability$ atgrial|ig rqpr%mewh?'h@epmmu(ap@am W'H’(Etoﬂﬁéfesuﬁi@t dfice are

very i npobH@nén fitas tdesFabld thatithd PRAMaskitiealy a&.vb%bgén@@hf@qﬁ%té&ﬁ' Iy
active substance and a% conposl tions cont ai mr@g@n@fd shou be capabl e of
o

bei ng &f f &I YEPRP BINGF SHargRs;: tohp rreanuiatiwingeFe t natdeadita maiar

exhi bi ti nghandeksdnithé s8Rt fofrh 1P G bﬁhrH&@etﬂf&HW §AIvE RaMteHe GHAIARA! afdrStics of
the active substance such as its activity, 'noisture content, solu |I|ty

char act er PEATRIE it &dmpartant that $hes Mmenwfaciudad PrsesbprPpuce material having the

Inrel ati oeaméch(si’allmérrsrebérﬁb%ﬁtayélraﬁtelmﬁ@ aﬁ&al&&g@d%@néte?naﬁ%ﬁr{g @éa' |
tetracycl 0%9 1(2,6).1(8,12) Thept acosa- 1( 25 (26) ,

12(27), 16597e eyel Qfé‘tYQ@t@"l nitial studies were carried out on the

hydr ocilgl ori de salt and indicated that pol ynor phi sm was prevalent with the
conmpound ound . to_adqpt nore n one crystalline form depending -
upon the E@r‘?g? (5‘[ ﬂ‘i"ﬁ?ﬁ' & IR AP . th?t th g derarmaseytipallyaactivgysubstance be

2010/ 0681 8fubBeTH RS A& ra@Lib7 Sh;@r&bs;ﬁénweahd Siibseduent &i?in‘ééé'fcﬁitscémﬁ %1% and
frombatch to ch even when the

t f ol h
U act ul g RodHBTTARd e ' i, dbe dherramion habe. aERa BEaly crctive
i nconsi st ensstes:eantd phaenaebiidai toﬁﬁulhtytgfsosmélpﬁamm@ﬁl MV@WHS%%OH de

voul o 5e° BIBRIGEROE ol BERRA Bl AhSaelyr BTSSP ST ¢
11- (2- pyr itdd aldiost inpphsikit horyibli rhlath this ahSmfacabtically adtive betstarrGel 19. 3. 1.

1(2,6).1 2 t acos 5 1 16,21, 23- decaene

WI("II ch) ov(ergc%'ﬁ%]"%ﬁpa%?q gf’%é %’H é%’q}%q'%dg? pfq‘(@zg%%éﬂ“? HesAor LR obl ens.

SU:\/{\/;ARYf [ 06REY dépendingegpentthe degraé¢ obhydpationi dasthameiré warianosﬁlnthyﬁﬁdt“bﬁl c acid

sa o]

pyrrolidi n-% dltogPt'chf))’)nloi%j'%) FRBAGR!0LNARges Inyl Pyseaepepival ipReties. 1 1( 2, 6)
.1(8, 122) ] Sh@‘ptaamwiiin( 26 Xis2¢laln, Bitd, wilich Gah2ih 2udn, kad 2b, iRSndisteht el [0010]

In some eghod {B?ﬂh ntsalt is crystalline. [0011] In some enbodi ments

the salt 1Is th ? ?r'ate salt. In some enbodiments the citrate salt

shows on X-ray dlffraction a peak on the 2theta scale at 22.40.5. [0012]

In sone e .. di § bl aks on
t he 2t het gﬂb@ cal eg%t?d'ﬁ%f y@%ﬁ%ﬁ% %Q\éﬁatgr&t%"% 0X sFqgl?(i’omscqetﬁgod ment s
t he ci t r apBargceutigalinactyp sibstange g yenimpastanbiactosado ah ilenl HMoptmktbe on t he

2t het f
I g e ) e

enbodi nenfcepqm\%Oﬁ:be@rrga@f&ecg\m sterge pyerapPIeciable pRMoHs attime withoutlcxbibtting peaks

gglzhgozgaeﬁ |ﬁtﬁ|ﬁ{ &é@bﬁﬁ&rﬁ%%&%ﬁ@ﬁ.&f Ma&@f&ﬁgsﬂ) @g 1a§{|wﬁ sﬁa@ta%ce 10. 20. 5,

embodi mengych Weﬂ'-tacttlrnat Enoisiyre cameits selvpiity fa%@fa@tﬁﬂ‘ﬁﬂﬁ%lépi!d)fnrrpeadkthedlhe t he
2t heta scal e of 7.80.50, 10.20.50, 14.20.50, '15.70.5, 16.80.5, 21.40.5,

and 22.40.5. WD 2010/ 068181PCT/ SG20091000473 4
30 [0007} In relation to  11-(2-pyrrolidin-1-yl-ethoxy)-14,19-dioxa-5,7, 26 -triaza-

tetracyclo[19.3.1.1(2,6).1(8,12)}heptacosa-1(25),2(26),3,5,8,10,12(27),16,21,23-
decaene initial studies were carried out on the hydrochloride salt and indicated that
polymorphism was prevalent with the compound being found to adopt more than one

crystalline form depending upon the manufacturing conditions. In addition it was



[0016] In sone enbodinments the citrate salt al so shows on X-ray
diffraction peaks on the 2theta scale of 7.20.5, 10.900.50, 17.10.50,
17.600.50, 18.50.5, 18.70.5, 20/0.50, .23.1 00.50, 23.30.50, 24.20.50,
25.10.50, 25.80.50 , 526.20.5, 26.90.5, 27.50.5, 28.70.5, 29.30.5,
31.001-0.50, 32.40.5, 37.30.5, 38.60.5, 39.90.5 and 41.60.5. [0017] The
present invention also provides a pharmaceutical conposition conprising a

salt as degghhfaRshi@bove. 10 [0018] In another enbodi pefchddBedafsesent
invention provides a nethod of treating or preventing a proliferative

di sorder conprising adnministration of & therapeutically effective amunt
need thereof. In sone

of a salt ihyention to atieng i

enbodi nentoéﬁg?}ﬁggpt)ﬂra(t)ﬁ% ‘op! {]‘ﬁr?/go'ﬁfa'gtcﬂr@e’?h? thtlf'ﬁrﬂ?&yf”.wﬂr!? yanied dom bateihtex her
enbodi nentbatdheevenseentthe manuticaming cokdife® rehrinsdoRbtamt. Stidse Matchls.
invention J, ht.B If.pat ment ob a proli Ler ative disorder. |In sone ‘
enbodi nent sﬂ:[ h god.\;gfei"f:@?ﬁrﬁdvt ecﬁxB@&%‘ia ygrasqopisty madsghe dygrgphliprideasait her
enbodi mentlesshiesipabdsorh a covendrcialvigwpoiitdes the use of a salt of the

inventi.on in the manufacture of a nedicanent for the treatnent of a
proliferative disorder. In sone enbodinents the proliferative disorder is

;:(ancer. BIRYGEB] .Dﬁéiﬁilﬂl_]c ifgly Woﬂﬁp%) Ds!DEEM\Itff d\@t elopoa gé‘]{%]sth"ﬁbﬂéltei&nlw Vs t he

-ray powde racid @n . ac m of Batc " Tow

resol uti \gﬂe\{l're Eggy)(%zfd"i'%%é -Zgﬁaaﬁ"ﬁﬁa?véﬁg{%-i‘-6(?@)r1&%é2)dfm@@9§a-be| ow) .

E ([))g é)Z] ( Fi 9(259,222&@/&1(}. W27 8,2 1,33_-aéca@hié fm@n?\#ea&%n% g.n ajng%,glg:c@,ugi d]:e}] r ﬁ o
to mal, qr.ayi ric anal ysis otton) of Batc

1. [%%?Pﬁﬁ%gﬁé"ee '&‘”@WSW&FP&”% esults of Gravinetric Vapour Sorption

(GvS) wf Batch 30HCI 1. [0024] Figure 4 shows the XRPD Diffractograns of

Batch HCI 1 pre- and post GVS. [ngrg‘]é@fg%qe 5 shows the XRPD Diffractogram
of Batch HCl 2. WD 20101068181P 1000473 5 [0026] Figure 6 shows

the resul {B008] T&A fressn)t ioventi@S@révidest anditraté $dne(diad GleidHGhI) 20f 1028271

Figure 7 th Dy Lk of tch 3. 028] Figure 8
shows t heﬁprgeg@'ntQﬁb‘%ﬁ%%@%ﬁ%&é%gi%aﬁ’@?@BWRg '3t1rﬂé2'§h{(@H2HCI 53.

[ 0029] Fi feptacaashidnge(26)3,5i8g10, 1421)|16121(3-d¢cRErd) f f r act ogr am of Bat ch HCI
4. [0G30] Figure 10 shows the results of DSC (top) and TGA (botton) of the
Bat ch HCl 4. }0031] Figure 11 shows the results of GVS of Batch HCl 4. 10
[0032] Fi {961 10 somaemberimampihefitiis aystatinam of Batch HCl 5 (2
conditions). [0033] Figure 13 shows the results of the DSC thernogram of

the Batch HCl 5 (prepared from Ethanol).
[0011] In some émbodiments the salt is the 1:1 citrate salt. In some embodiments

the citrate salt shows on X-ray diffraction a peak on the 2theta scale at 22.4°40.5°

20
[0012] In some embodiments the citrate salt shows on X-ray diffraction peaks on
the 2theta scale at 10.2°+0,5° and 15.7°+0.5°.

[0013] In some embodiments the citrate salt shows on X-ray diffraction at least four
25 peaks on the 2theta scale selected from the group consisting of 7.8°+0.5°, 10.2°+0.5°,
14.2°10.5°, 15.7°+0.5°, 16.8°+0.5°, 21.4°+0.5°, and 22.4°+0.5°.

[0014] In some embodiments the citrate salt shows on X-ray diffraction at least 6
peaks on the 2theta scale selected from the group consisting of 7.8°+0.5°, 10.2°+0.5°,
30 14.2°+0.5° 15.7°£0.5°, 16.8°+0.5°, 21.4°+0.5°, and 22.4°+0.5°.

[0015] In some embodiments the citrate salt shows on X-ray diffraction peaks on
the 2theta scale of 7.8°t0.5°, 10.2°:0.5°, 14.2°+0.5°, 15.7°10.5°, 16.8°+0.5°,
21.4°10.5°, and 22.4°+0.5°.



[0034] Figure 14 shows the XRPD Diffractogram of Batch HCl 6: |ow
resolution trace (C2, above) and high resolution trace (D5000, below. 15
[ 0035] Figure 15 shows the results of TGA (top) and DSC (bottom) of the
Batch MCI 6. [0036] Figure 16 shows the results of GVS of Batch HCl 6.
[0037] Figure 17 shows the high resolution X-ray diffraction patterns
(05000) of Batches Citrates 1, 2, 3 and 4. 20 [0038] Figure 18 shows the

resul ts of wEpyolokq®) and DSC (botton) of the Batch Gptyy ﬁoggmmhpOSQ]
Figure 19 shows the results of TGA (top) and DSC (botto of the Batch

Ctrate 2. [ 0040] Figure 20 shows4the results of TGA (top) and DSC
(bottom .of the Batch 25Ci trate 3. [0041] Figure 21 shows the results of
TGA (top) and DSC (bottom) of the Batch Citrate 4. [0042] Figure 22 shows

the vari at[bmdgerm%agtg@&&rﬁémsw fé&/@&%h@%lsBas%\ﬁé Bn skfrag%pﬁ%@;ﬁ%e 1. 30

[ 0043] Figures 23 an experi nment and
spectra, rasfecitheta peale of BATEOH° O1Dr9at(é51 17 Uea.4), ﬁﬁjm@ 8% M55°1R6°, 27, 28

and 29 Sh%iﬁ@shlw?&g%el #rap e rz?x;,gbgd‘r e%@g "B g??e*o%&a'cbns’trunrent

Citrate 2, 3, 4, respective recor ol ‘adi ren
from that 282°EV.§lir26.9°0.5° Wy . ébi.ﬂﬁ O@@I’S@ﬁfﬂ&&@@é? ODI0XEB 5% 3DO4AB]5°Fi gur e

30 shows t4yese ¥o!‘>a)é,af§ Hgag?lg@{b%a%,{dqu Qfsbhe citrate salt group A

mat eri al both before and'after ng kept’ for a week in the humdity
chanmber at 60C and 96%RH. -DETAI LED DESCRI PTI ON [ 0046] As stated above it

has now bgggy7 oupig t ef; sald,S (

1-yl -et ho>E<Iy) 4, 19- |oxaF5n%érg%nt ?a!lstgz {)‘g{%%sac%clg iifgééggﬁé?lfgmggs'tl% 12) ] he
ptacosa 1(@BWrising agplt 3s dessribed aboven7) | 16, 21, 23- decaene exi st as singl e
robust ,pol ynorphs. In particular the present applicants have found that

t he C|trate salt (citric acid salt) of this 10 cqwrg)ound exists as a single
pol ynor ph. 10§64 7D appthesempedimenictha prerentinvention provides tar methad of beatirigt ri ¢

aci d woul dyrhfefdnBAg at Stofferdkivd H%@lm‘é@‘%ﬁ%ﬁﬁﬁ‘g 'aﬂm'inhs‘?raﬁt;ﬁ of %ﬁééﬁ% éft:?l ryavo' d
any uncertainty the structure 1s shown below. ic Acid
effective amount of a salt of the invention to. a patlent m need thereof. In some
- embodiments the proliferative disorder is cancer. '
15 .
[0019] In another embodiment the present invention provides the use of a salt of the
invention in the treatment of a proliferative disorder. In some embodiments the

proliferative disorder is cancer.

20 [0020] in another embodiment the present invention provides the use of a salt of the
invention in the manufacture of a medicament for the treatment of a proliferative
disorder. In some embodiments the proliferative disorder is cancer.

BRIEF DESCRIPTION OF THE DRAWINGS
25 [0021) Figure 1 shows the X-ray powder Diffraction (XRPD) Diffractogram of Batch

HCI 1: low resolution trace (C2, above) and high resolution trace (D5000, below).

[0022] Figure 2 shows the results of differential scanning calorimetry (DSC) (top)

and thermal gravimetric analysis (TGA) (bottom) of Batch HC1 1.

[0023] Figure 3 shows the results of Gravimetric Vapour Sorption (GVS) of Batch
30 HCi1.

[0024] Figure 4 shows the XRPD Diffractograms of Batch HCI 1 pre- and post-

GVS.

- [0026] Figure 5 shows the XRPD Diffractogram of Batch HC1 2.



20[ 0048] Initial studies into conpound | involved analysis of the
hydrochloride salt. It was found as summarised in Table 1 below, that the
initially prepared hydrochloride salt produces an inconsistent solid form
with significant variability in the DSC, TGA, GVS and XRPD pattern (see
Figures Ito 16). WD 2010/ 068181PCT/ SG2009/ 000473 7 [0049] Table 1
Tabul ati on of Solid form anal ysis of various Hydrochl oride salts of

Compound lwBabehssisiBat ch Si ze Solid Form Comment (sSegcg@ibobodiels 1 0. 7241
Goup 1 + 3 + anorphous HCl 2 0.6kg Predom nately G oup 1 HClI 3 1.6kg

Goup 1 + 3 + little anmorphous HCl 4 39ng Group 1 HO 5 10my Group 2 HCl 6

30 , _ _ ‘
o [0026] Figure 6 shows the results of TGA (top) and DSC (bottom) of the Batch HC!

2.
[0027] Figure 7 shows the XRPD Diffractogram of Batch HCI 3.
[0028] Figure 8 shows the results of TGA (top) and DSC {(bottom) of ihe Batch HCI

s 3 , :

f0029] Figure 9 shows the high resolution XRPD Diffractogram of Batch HCI 4.
{0030] Figure 10 shows the results of DSC (top} and TGA {bottom) of the Batch
HCI 4.

[0031] Figure 11 shows the results of GVS of Batch HCI 4.

1o [0032] Figure 12 shows the XRPD Diffractogram of Batch HCI 5 (2 conditions).
[0033] Figure 13 shows the results of the DSC thermogram of the Batch HCI 5
(prepared from Ethanol). -

[0034] Figure 14 shows the XRPD lefractogram of Batch HCI 6: low resolutlon
- trace (C2, above) and high resolution trace (D5000, below).

15 " [0035] Figure 16 shows the results of TGA (top) and DSC (bottom) of the Batch

HC1 6. |

| [0036] Figure 16 shows the results of GVS of Batch HCI 6.
[0037] Figure 17 shows the high resolution X-ray diffraction patterns (D5000) of
Batches Citrates 1, 2, 3 and 4.

20 [0038] Figure 18 shows the results of TGA (top) and DSC (bottom) of the Batch
Citrate 1.

[0039] Figure 19 shows the results of TGA (top) and DSC (bottom) of the Batch
Citrate 2, _ : ,
[0040] | Figure 20 shows the resuits of TGA (top) and DSC (bottom) of the Batch

25 Citrate 3.

[0041] Figure 21 shows the results of TGA (top) and DSC (bottom) of the Batch
Citrate 4.

[0042] Figure 22 shows the variable temperature X-ray diffraction pattern of Batch
Citrate 1. | _

30 [0043] Figures 23 and 24 show the GVS experiment and post-GVS XRPD spectra,

' respectively, for Batch Citrate 1.

[0044] Figures 25, 26, 27, 28 and 29 show the high resolution X-ray diffraction
pattern of Batches Citrate 2, 3, 4, 5 and & respectively, recorded on a different
instrument from that of Figure 17.



Goup 3 5 [0050] As can be seen fromthe table notw thstanding the sanme
production conditions (batches 1 to 3) being used there was a w de variety
of solid forns identified on analysis of the 6 hydrochloride salt batches
indicating that with this salt there is a high degree of pol ynorphi sm

[ 0051] The XRPD for the sanple of Batch HCI 1 (see table 1) is shown in
figure 1. This diffractogramindicates this batch has relatively | ow

| evel s of Woyzﬁfo%kdlflm ty and an anorphous hal o indi cai,jf.?g}ﬁﬂgm)dgfyre of

phases. The thernmal gravinetric analysis (TGA) and differential scanning
calorinmetry (DSC) for the sanple of Bafch HCl 1 is shown in figure 2. The
TGA shows a two stage weight loss totalling 4.5%up to 100C 15 whi ch

equat es t 0045} dudgrread®shewsothenXtray diffférdtion quatterss plothescitnatt | sattagrodre At wo
endot herr ﬂﬁatﬁﬁa%o{hrbe%}s A aftdd 6%@??& a %Qu‘?‘é‘ﬁf&ﬁ@ carRe &l dosLl v Thi's
is nost likely to be a | oss of e r Sm T he sanpl'e sl nce no process

sol vent s wad®6ierved in the 1H NVR There then follows an exothermc
event onset 141C which is nost likely to be a phase change to a new solid
formfollowed by a final endotherm c event, 20 probably a nelt, onset 238C
foll owed by deconposition. ThBEFAIBRPPEICREFTONes can be visually seen in

a hot-sta h CIQS, [ de r t 1l e of
Bat ch HCl qu{gl e ﬁ%hsgév}n%é{ ia\réb% gn?:{’eﬂg‘g%’#ﬁ%@g%&é cgﬁ%’ib\;s 25{18{ 1n1 i'{é?pgfr%@é'or ption
of wat er itrylettwxini4, 1Qtiosatd ai3sktriaza-tetratyelohto.3:5.1606)t8, 2B) IepacBss The sanpl e

then | ose %% i 1 ; I 9 op) goi ng
o 40% Rt i Proaopypg i 7)o of Y aneR L B gP Rl spHBRRy b 00 O
cont ent uppattisular Biopresanh applicarts pavaifoundthat thetpjtthtensait (cilifvcacichsgll) ef thjspears to
be a parti : ﬁ;\xgc at, once it has been exposed a high
enough?ﬂlr ev%Hp}é?'q“ﬁ%%?%éqEQéﬂi trér' and then permanently holds on to it
during the GYS WO 2010/-068181PCT/ SG2009/ 000473 8 experinment. To determn ne
if there Qi+ € g [ ot e b.al r, the GVS
exper montOy k) e aapisdteh it oottt dBu R b8 ol ifia ' 0° Tho
X-ray diffskiled egdransgeostthesas in order e Rueid oY uneertagily theesticture isnghomat eri al |
but w th ik, i ntense peaks. Al so sonme m nor peaks in the original
diffractogram (ca. 8.5 and 5 15.5 2theta) have disappeared. It is likely
that tHe material subjected to the GVS experinent contains nore than one
crystalline phase (form and thatgoneyfy t{pe forns changes on exposure
to.elevated hum dity. [0053] The XRPD |spectirum of Batch HCI 2 is shown in
figure 5 and as can be seen tPldr e A orrelation with the XRPD
obtained with the HCl 1 batch.'™The TGA and D3SC'spectra of Batch NCI 2 are
shown in figure 6 and have sone si ari®Hes, but is not identical, to
Batch HCl 1. Batch HCI 2 lost 5.6% water in the first phase of the TGA
until deconposition at 260C. This water | oss represents 1.67 equival ents
of water. The DSC spectrum shows t Kétrisshmid 3 t hernmal events as seen with
Batch HCl 151, however the two data sets are clearly not identical. [0054]
The XRPD spectrum of Batch HCI 3 is shown in figure 7 and did not agree
wel | wea h [6048herinititiestudi@s intoogompgun@ i naeleérk gnalyiireofXRPDydrbiBaridelsaliClit 3 was
quite co 1 i I I Ok : :

addi 1 onaspltd fe EERaRGLFip; ISP HEOU ot e G b BTSN BRIRE. 11
TGA and DS@ltfpediices anfinggasistenteilid Joims with sign ficant fvagahildy & theHSGafphe | ost
1. 5% wat ergy ' t hen another loss of 1.97%

possi bly s% ?/gﬁ(ltjl?REPrl g%ﬁfrﬁnﬁgggﬁ;ﬁ@i tion at 260C. This water |oss
represents 0.5 equivalents of water, |lower than the 1.1 equival ents
(3.79% indicated by Karl-Fischer analysis. One possible reason for this
is that a higher 25 tenperature is required to |liberate the water trapped
in the structure by neans of dehydration, a small expansion of the lattice
which will rel ease water trapped or a change in the crystalli-ne structure.
The total weight lost in the TGAis 3.4% The DSC spectrum shows the sane
3 thermal events as seen with Batches HCl 1 and 2 but with an additional
endot herm ¢ event at 200C, probably a desol vation.




30 [0055] In order to probe the behavi our observed above the HClI salt was
recrystallised fromrefluxing acetonitrile/water to yield 79ng of a yell ow
powder, Batch HClI 4. This was anal ysed by XRPD, TGA and DSC and the data
is shown in Figures 9 and 10. This material was shown to be a single,

i sol abl e pol ynorphic form of the WD 2010/ 068181PCT/ SG2009/ 000473 9 MCI
salt (henceforth known as 'Goup 1'). As an alternative to

recrystal | \,§3}hRssdi rect formation of the Goup 1 npt@dd@ondeiRM the free
base and aqueous add may al so be acconplished. Figure 9 which shows the
XRPD spectrum of Batch HCl 4 (Group 1)7 did not agree well with any of the
previ ousl3( descri bed bat ches. ure 10 shows the 5 TGA and DSC spectra of
Bat ch HCl 19049hqiTakle; FlgTQtWéﬂt'%ef | formo 3nalysis opf, Yﬁ"qllsSHWﬁ@@hMld;e

anbi ent agditd 8PCompoangqui val ents of water equates to 6.58% This
correlates well with the broad endot herm observed in the DSC (onset =

76C). The DSC_then shows ap exathernic phase change (onset = 148C) then
goes on to sh olid Foemn Coramputises texfls anal ysis was

carried out dnd tHéeCldata is shoWe i n| Fi gubeoupl. + Iha@momphoue shoyed very
little absorgtion igf owat er gab_re;ikag only 1. Iﬁréﬁ&ﬁﬁéte rt;rggl% ng from 40% RH to

90% RH. The e | ost 8% masS on| going from 90% RH 1o dryness. The
sanpl e was analysetCliBy XRPD péeﬁkQGV " THKEotmE Mgt litdramemhense” was i s

unchanged (ddta ndiClghown)| [@8BY] A second, di%mepédnt, isol ablle
pol ynor phi c fiorm (H&toch HAI 510may be prepar ed Gioep2t he MCl sallt is

synt hesi sed fir om a#®phous| HCBOm@l t lvia a ' mat UBraupdn' process] In this
process a snmall anount of the anorphous salt (10ng) was treated 20 with 10
or 20 ol {oaEs) ofAsrreamamobe@r feihaheltable actwithdtandinge the abmewproguétlean - capped
and pl aced i 0 nber tha cled froma 50C with

f our hourgog‘ﬁté:‘?ﬂsn@ﬁ% éa&rgtiﬁﬁ‘ﬁ‘i‘ h‘ﬂf‘%/é"fasaﬁaﬂ‘?%( ?’fg':[t?’éf’g T@Pmﬂ]‘ﬁs t he
sanpl es wieetifiad dneamlysmd‘ tha ® lmmthlo‘ﬁbe saltrbhiehesaindicatigthanwitH isbealta

singl e, f orm f t he salt different fromthat of the G oup
1 materi aﬂl"%% 9%9?9{6?309%’%% h%%up 2'). 25 Figure 12 shows the XRPD

di ffract ograms for sanples prepared in ethanol (20 vol s, top) and nethanol
(10 vo o i ces, bet nples it
is cl ear {(ﬁﬁb t%gﬁﬁfa%v%eéghﬁ;@g?gaﬁﬁgﬂewt % ﬁ}f ﬂﬁs POy \Aﬁggredﬁscri bed

her ei n. FTlerctffmGtoslhmdchtes D&Ebeﬂchthae reiahnelyelopﬂwa;r@‘cbrystalletthanaIan\/\,hi chis

clearly 58] . i

di fferen{néﬁ!%s a ﬁétrrﬁ;ﬁ orm BEL{EQ Hﬁ%h}?%&\g@eﬁﬂ 5na 5'8 when
the HO s&T®A) gnttyﬁewegalﬁdnmng)nalm@em é2SGhkoe thensampie ohBaioh Hm falscohol i c
sol vent s I 0

di ffract 0\3492\21" m@@%eﬁoﬁéA%\avb{gﬁg%&%gr es fjltg f%ﬁtﬁ}ﬁﬁggﬁu}ﬁgﬁtW%

agai n, 15 s Wiichf eqeates 19 dnd GaMivalepist @h@@ter\/\ow@leqw@sq@smw $EADOIN000473 10
descr i bed JRgsbis SbhirihBHISG w&msn%wcmé\sw%gp Qth.s %i&baur e 15

are very srrrpevvrth very little I ght | oss recorde unti |
degr adat i dkelhtabe 3 logs oéwatméromn@sawaler §INGRROSREOGRSS tsniéen%awe@/@twpgfedn t he

DSC unti | jfr@let IHGIMRD ST hE RCQER ASiiolvs Qi eme?mr@aé\aﬁr SMseV\a$1°BNOMEL 1< Q
singl e, polym)rphrc formof the HCl -5 salt different fromthat of the

Group 1 aMtflptaks & phasechangsiost pew rolid et foérgwe@ba finaj epdothermipeveny/s

(Figur® 16todabRy &aidR! Bnsei Q88T ¥libWed iblytdeBom éﬁbhomr%ﬁe%%é?&al%ﬁhﬁbeﬁg only
1. 6% mass on from40% RH to 90% RH. .The sanple [ 0s 4% mass on

goi ng froﬁ?@@%"ﬁi‘ﬁ'{y@eér‘yh%Q%t“Stqg?e’%’H??ﬁP%VYAE@ anal ysed by XRPD post GVS.
The formof the sanple was unchanged after the experinent (data not

shown) . i hel_ 10_GVS exgerr ments from Bﬁt ches HCI 4 and 6 éGr oups 1 and
3) were s éﬂf\?vi] heiGN$ mgsuty fos dhesrple of Batehdiirlesre showp in figire 8 TB&t ch HC
1, furt hersahrpw%trog@tdnngm&rmarsu@r.orabi WatBainUhe ifitfal hidrpteh cyak b +589P8] The
group thre n&gerr al eﬂ@tressed under conditions which m ght cause it 15

to con¥er? t/‘b he sarelether [ases S%rmassaind o fyness ang Hieaireepipy 2%

pol yror phinass@ngoird 11646 R ®ith WBHEI §4iR 0B d%At THIDGaiN of 2% Rl BAngihe0 at 60C
/ 96% RH and anal ysed at reqular intervals E%VXR D._The results are

sunmmar i sed¥atel cPRIANE Up to B §tplhich spirespends i @ dhydateor Thersagple arpeas 9n gr oup
3 hydrochlwerd partially dehydrated hydrate that, once it has been exposed a high enough level

of humidity gains water and then permanently holds on to it during the GVS




20 Experinment Conditions Tinme Comrent 1 40C175% RH O hrs Group three 2
60C/ 96% RH 0 hrs G oup three 3 40C175% RH 24 hrs G oup three 4 60C/ 96% RH
24 hrs Goup one 5 40CLl75% RH 48 hrs Group three 6

WO 2010/068181 PCT/SG2009/000473

8

~ experiment. To determine if there had been a change in the solid form of the material

after the GVS experiment a XRPD diffractogram was obtained and is shown in Figure

4. The X-ray diffractogram post GVS is similar to that of the starting material, but with

more intense peaks. Also some minor peaks in the original diffractograrh (ca. 8.5and

5 15.5 '2theta) have disappeared. It is likely that the material subjected to the GVS

experiment contains more than one crystalline phase (form) and that one of the forms
changes on exposure to.elevated humidity. '

[0063] The XRPD spectrum of Batch HCI 2 is shown in figure 5 and as can be seen
10 there is a low correlation with the XRPD obtained with the HCI 1 batch. The TGA and
DSC spectra of Batch HC! 2 are shown in figure 6 and have some similarities, but is
not identical, to Batch HCI 1 Batch HCI 2 lost 5.6% water in the first phase of the
TGA until decomposition at 260°C. This water loss represents 1.67 equivalents of
- water. The DSC spectrum shows the same 3 themal events as seen with Batch HCI

15 1, however the two data sets are clearly not identical.

‘ [0054] The XRPD spectrum of Batch HCI 3 is shown in ﬁgure 7 and did not agree
well with either the HCI 1 or HCI 2 batches. The XRPD of Batch HCI 3 was quite
complex with many more reflections that other batches and an additional reflection at

20 20 of 6.7 not present in other batches. The TGA and DSC spectra of Batch HC| 3 is
shown in figure 8. The sample lost 1.5% water in the first phase of the TGA then
anocther loss of 1.97%, possibly solvent, at 165°C until decomposition at 260°C. This
water loss represents 0.5 equivalents of water, lower than the 1.1 equivalents (3.79%)
indicated by Karl-Fischer analysis. One possible reason for this is that a higher

25 temperature is required to liberate the water trapped in the structure by means of
dehydration, a small expansion of the lattice which will release water trapped or a
change in the crystalline structure. The total weight lost in the TGA is 3.4%. The DSC
spectrum shows the same 3 thermal events as seen with Batches HCl 1 and 2 but
with an additional endothermic event at 200°C, probably a desolvation.

30
[0055] In order to probe the behaviour observed above the HCI salt was
recrystallised from refluxing acetonitrile/water to yield 79mg of a yellow powder, Batch
HCI 4. This was analysed by XRPD, TGA and DSC and the data is shown in Figures
9 and 10. This material was shown to be a single, isolable polymorphic form of the



40C1l75% RH 72 hrs Group one [0061] Fromthe XRPD data (not shown) it
woul d appear that the group three material can convert into the group one
material at elevated tenperature and hum dity. This woul d have
inmplications if the group three material was chosen as the 25 preferred
formfor production as it would need to be produced in a controlled

fashi on and any post production mani pul ati ons, such as the fornul ation
met hod, woyldefif&dst © be controlled to ensure that ibcysthshoffys convert
into the group one rrat erial. W) 2010/ 068181PCT/ SG2009/ 000473 11 [0062]
In summary, the processes enployed to prepare and purify

11-( 2- pyrrolldln 1-yl - et hoxy) - 14, 19- di oxa- 5, 7, 26-tri aza-tetracycl o[ 19. 3. 1.
1(2, 6) . 1( $iQizptt Hma@ﬁb&nqwgy 'Gropp)1")3 As 29, allernatiestp)reargstalisatign dieglene  HCI

salt are rf@&na’ﬁgﬁ%\“ﬁ{e%ﬁbugat C%@Fél‘fﬂﬂni rROH LD, nemqaeééﬁéeaé@hgg% odpyTPound

as there is significant bat ch variation obs spite careful
wor k to i disaemplighed.dFiotesr @ mhichhawe tbe LRPEosngsingm ©b Batgh HF! ms( G(rBax thes HCl

4-6) it '%ldJHétta%é‘eJ\ﬁéfw@qéﬁy .sffe}ﬁe b%vﬂﬁ%lg%@érﬁ:eg %ﬁé’ss @&g %ﬁ&w 1- 3) do

not cl osel matc an ref erence stan and

are both niGA @pé D S@Cb'apﬁ Bateth HCS 41 indiaating that thespminly lgsem® bl efsitsof
anor phous rﬁé’s‘%%%ﬂﬁeen%ﬂ?&t?ﬁﬁ 188'cS 'FU«B Bﬁmﬁléh?seoftv%tg éEHQte% t@HtSB%nfT‘Plft unat el y

cont ai ns ot her unexpl ained to peaks he. XRPD pattern. ditron even
when a si rfgirelajgs| Wlﬁhfhﬁs!m@ﬁ%@mf('b@séh@d i thedDB (ensete 76{G)l | Thexhi bi t
si gni fi canisValeRshahs ah RkotRBmiit }Sﬁéééaéﬂa}i%élfb(;\%& L1£9¢) MBh GBedBi &sHollei T use

in pharnmaceutical formulations ficul ensure conS| stent dosing. In
addi ti on tHinaherdotharmiprehd?dE)t he hydrochl oride salts (batch HCO 6 -
group 143) fromthe standpoint of the DSC anal ysis has been found to .
convert to other_ 15 polynorphic forns under stress as di scussed above

i ndi cati nd09384t QY® analysi yrasacastiegoat pod Ptodda . is sboeslin Kiguge désuThe of t he
unaccept a@aﬁmp\@éHoﬁ*&H|vayYI|ﬁD$3§@§oYﬁf$nVHfmtérfb% rh')gdér@ychb% indSs §@b&n g scussed

ﬁ'
above an alternative robust sol formwas required. Furt %l gl scovery

endeavour 40%iBRttp #0&RkHHdhe F’P’F‘Hleé%taa §% gaspen rﬂ@'"& AEMs 9% %EUHY"@&I id

form Tablme3sdrhib Swid)andipeaap XitPD! ddseiaysial thenfopRasietheaBsnglo Hagsed.

[0064] Table 3 Batch # Batch Size Solid Form Conment Citrate 1 0.3g G oup
ACGtrhke ‘@C%@Ed (data not shown),

[0057] A second, different, isolable polymorphic form (Batch HCI 5) may be
prepared when the HCI salt is synthesised from amorphous HCI salt via a ‘maturation’
process. In this process a small amount of the amorphous salt {10mg) was treated
20  with 10 or 20 volumes of rhethanol or ethanol in a vial. The vials were then capped
and placed in a maturation chamber that cycled from ambient to 50°C with four hours
spent under each condition. After approximately 18 hours the samples were filtered
~and analysed. This material was shown to be a single, polymorphic form of the HCI
salt différent from that of the Group 1 material (henceforth known as ‘Group 2').
25  Figure 12 shows the XRPD diﬁractograms for samples prepared in ethanol (20 vols,
top) and methanol (10 vols, bottom). Although there are small differences between
samples it is clear that these data are quite different from other batches described
herein. Figure 13 shows the DSC of the sample prepared in ethanol which is clearly
much more complex than other batches. |
30
[0058] A third, different, isolable polymorphic form, Batch HCi 6, may be prepared
when the HCI salt is synthesised from the free base in acetone or in alcoholic solvents
with methanolic or aqueous HCI. Figure 14 shows the XRPD diffractogram, recorded
on low and high resolution instruments, and, again, is different from other batches



Goup A Citrate 3 66g Goup A Citrate 4 379 Goup A Ctrate 5 3.5kg G oup
A Citrate 6 0.88kg Goup A 25 WD 20101068181PCT/ S&009/ 000473 12 [ 0066]
Figure 17 shows the high resolution X-ray diffraction patterns (05000) of
Batches Citrates 1, 2, 3 and 4 with Citrate 1 enployed as a reference
standard. It is quite clear that the batches are very sim/lar indeed and
essentially identical for the purposes of establishing solid form
cl assi fi caj onplete listing of all peaks 5 o | hown in
tabl e 5. [a‘ggg@]m@ll%ur es 18, 19.20 and 21 show the Tgﬁﬁ%g)@ﬁ DSC
(bottom spectra for Batches Citrate 16 2, 3 and 4, respectively. The
thermal gravinetric anal )ési s clearly denonstrates that the citrate salts
{

show no wépgibed bgteininBirkingletherRS¢ anil tTEA spattra shpur in fiawe 45 a18o@y Thi s
i ndi cat es sjrkife YRASA) n&:ﬁarq@g;r@wsefeémea :a‘;. the 208 SidPHSdradtoH Rt dihe

citrate salt and also that Tt Is generally not hygroscopic. I'n addition
i nspect i ofrayndt 0" ppdlikewisgl ne cthpmial gevestsonn rtee r3SG| witil imeliingateed t hat no
ot her eve : L des ki~ i s al so
cl ear frorq}léfot#@}' aﬁ 'aq? glg &?%aelq{?g%sgﬂ{éﬁ tiy%g‘e%;{é@leé;’l? F)IZ\{“P@%%J@%% Fﬁtg '-fcl’ll their
t her mals pfat diffesent irgm] thated|theCerre1 2nd hoakeriels dhergeforth kaowe apéBraupr e X- r ay

diffracti aBat | ' : rjabl e
emerat ucd BBV Higl f0) the SR shouth van/ RIELERAR (ECGHRPLE" S, ¢
no change°nlyrl&f drass\oa gaing fim ¢8RI 40 B0% RYF. The samplerdest@ritc owssoagai n

| ndi cati ngoh frofPiu4s RHYB!dHifes! Th Sarbbib s ansfhdd bf RRPEYo @0s. fhgur es 23
form of the sample was unchanged after the experiment (data not shown). Both the

10  GVS experiments from Batches HCI 4 and 6 (Groups 1 and 3) were somewhat similar
to each other but different to that of Batch HCI 1, further highlighting the variable
nature of the HCI salt.

- [0059] The group three material was stressed under conditions which might cause it
15 to convert to group one material or, indeed, another hydrated or polymorphic form.
Thus samples were stored at 40°C / 75% RH and also at 60°C / 96% RH and

analysed at regular intervals by XRPD. The results are summarised in Table 2.

[0060] Table 2 Tabulation of stress tests on group 3 hydrochloride
20

Experiment Conditions Time Comment
1 40°C/75% RH 0 hrs Group three
2 60°C/96% RH 0 hrs Group three
3 40°C/75% RH 24 hrs Group three
4 80°C/96% RH 24 hrs Group one
5 40°C/75% RH 48 hrs Group three
6 40°C/75% RH 72 hrs Group one

[0061] From the XRPD data (not shown} it would appear that the group three
material can convert into the group one material at elevated temperature and
humidity. Thfs. would have implications if the group three material was chosen as the
25  preferred form for production as it would need to be produced in a controlled fashion
and any post production manipulations, such as the formulation method, would need

to be controlled to ensure that it would not convert into the group one material.



20 24 show the GVS experinent and post-GVS XRPD spectra, respectively. The
data indicate that Batch Citrate 1 also has | ow hygroscopicity, and no
significant anmount of water (less than 0.8% is taken up between 0 and
909%RH. There is no change in the XRPD pattern before and after the GVS
experinment. 25[0069] Figures 25, 26, 27, 28 and 29 show the high
resolution X-ray diffraction pattern of Batches Citrate 2, 3, 4, 5 and 6,

respectiv ded on a different instrunent fr oofthasl gure 17.
Thi s dat a%éslméﬁl%gﬁ\li/ery good resolution wth expansi gdr?Tz)S?; t?{e Toeaks in the

y-axis as conpared to Figure 17, howemer clearly the reflections are
occurring at essentially identical 2theta and relative intensities to that
30 of t hel0868er Imgurmnan: the PrecessrsceMmpleyasi tg premaoand pwrify 1 d42-pyreolidiet er ni ne

the pr0pem.§i-émoﬂ5-1agbwmatéw,émuﬁ%-tét%yabﬁ99?1@'](§,%5.t1(at,m1hgﬁta af\ material
was maturated 101" 27 different solvents! A small anhount “of soli1d was

slurri ed W2Bh2@2683.88: V00N IBR] Begasne (iCksaalirarp net ademiataly cent@ling ored i n
the WD 2 QW %@Iép N ' ;

4h- heat/c@%lcbj.o yc esg)aﬁ%SO r@érﬂ%ﬁ%ﬂtﬁb@%%ﬁ&@ﬁ \?teﬁﬁigh\;\werpéetaﬁgﬁhélgmved
under %acorprervesndespie caieful worgtosidentdys 3 siftersns eapargntiyRpaiable solid fomesises only
one solid L Lt f ] nal ysi s
o ter mmt G 1R A GIRTE buleBtlear e Bloel 30 g Bt oRET bigd o) (48P Laf

t
Sol i d Formetiegselyaatchany Af hesereference standards| Batshas HQEHando3 are both

mixtures of Groups 1 and 3 forms with varying quantities of amorphous content.

Batch HCI 2 is quite close to Group 1 but unfortunately contains other unexplained

10 peaks in the XRPD pattern. in addition even when a single polymorph is produced

(batches 4 to 6) these still exhibit significant water absorption (typically up to 1.6%)

which makes their use in pharmaceutical formulations difficult to ensure consistent

dosing. In addition the most promising of the hydrochloride salts (batch HCI 6 — group

- 3) from the standpoint of the DSC analysis has been found to convert to other

15  polymorphic forms under stress as discussed above indicating that this is not a stable
polymorph. .

[0063] As a result of the unacceptable variability observed witﬁ the hydrochloride
salt as discussed above an alternative robust solid form was required. Further

20 discovery endeavours identified the citrate salt as being one such robust solid form.
Table 3 lists the_batches of citrate salt prepared and analysed.

[0064] Table 3

Batch # Batch Size Solid Form Comment
Citrate 1 0.3g Group A
Citrate 2 20g Group A
Citrate 3 66g Group A
Citrate 4 37g Group A
Citrate 5 3.5kg Group A
Citrate 6 : 0.88kg . Group A

25
[0065] Analysis of the various batches of the citrate salt referred to in the table
above demonstrated remarkable consistency as a single polymorph.



Form A Cycl ohexane Form A Met hyl isobutyl ketone Form A I sopropyl
Form A 1, 4-di oxane Form A 2-but anol Form A net hanol Form A Tol uene
2- met hoxy et hanol Form A Acetonitrile Form A TBVME Form A 1-but anol
Ni t romet hane Form A I sobutyl acetate

10

I5

20

25

30
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[0066] Figure 17 shows the high resolution X-ray diffraction patterns (D5000) of
Batches Citrates 1, 2, 3 and 4 with Citrate 1 employed as a reference standard. Itis
quite clear that the batches are very similar indeed and essentially identical for the
purposes of establishing solid form classification. A complete listing of all peaks

observed is shown in table 5.

[0067) Figures 18, 19, 20 and 21 show the TGA (top) and DSC (bottom) spectra for
Batches Citrate 1, 2, 3 and 4, respectively. The thermal gravimetric analysis clearly
demonstrates that the citrate salts show no weight loss until they melt with
decompasition at 180°C. This indicates the general temperature stability and robust
nature of the citrate salt and also that it is generally not hygroscopic. In addition
inspection of the differential scanning calorimetry plot indicates that no other events
(phase changes, etc) are evident for these salts. It is also clear from this data that the
batches are essentially identical in their thermal profiles.

[0068] Figure 22 shows the variable temperature X-ray diffraction pattern of Batch

Citrate 1. With reference to the variable femperature X-ray diffraction patterns shown
it is notable that there is no change irrespective of the temperature of the experiment
once again indicating the robust nature of the citrate salt. In addition, figures 23 and
24 show the GVS experiment and post-GVS XRPD spectra, respectively. The data
indicate that Batch Citrate 1 also has low hygroscopicity, and no significant amount of
water (less than 0.8%) is taken up between 0 and 90%RH. There is no change in the
XRPD pattern before and after the GVS experiment.

[0069] Figures 25, 26, 27, 28 and 29 show the high resolution X-ray diffraction
pattern of Batches Citrate 2, 3, 4, 5 and 6, respectively, recorded on a different
instrument from that of Figure 17. This data is of a very good resolution with
expansion of the peaks in the y-axis as compared to Figure 17, however clearly the
reflections are occurring at essentially identical 2theta and relative intensities to that

of the other XRPD data presented herein.

[0070] In order to determine the propensity of polymorphism for the citrate salt the
group A material was maturated in 27 different solvents. A small amount of solid was
slurried with the corresponding solvent (see Table 4 below) and stored in the

acetate
Form A
Form A



Form A | PA Form A DVMSO Form A Propyl acetate Form A Met hyl et hyl ket one
Form A Water Form A Ethyl acetate Form A 1-propanol Form A Tetrahydro
furan Form A 1-pentanol Form A acetone Form A Di cl oronet hane Form A
[0072] The stability of the citrate salt group A material was tested in
har sher conditions, when the sanples were kept for a week in a humdity
chanber at 60C
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" incubator and subjected to 4h-heat/cool cycles at 50°C/r.t. for 24h. The solvents were
then removed under vacuum, and the remaining solids analysed by XRPD. In all

cases only one solid form was identified.

5 [0071) Table 4 Results of solid analysis after maturation studies

Solvent Solid Solvent Solid | Solvent Solid
Form Form Form
Heptane Form A | 3-methyl-1- Form A | Ethanol Form A
| butanol
Cyclohexane Form A | Methyl isobutyl | Form A | Isopropyl acetate | Form A
ketone
1,4-dioxane Form A | 2-butanol Form A | methanol Form A
‘Toluene Form A | 2-methoxy Form A | Acetonitrile Form A
' ' - ethanol
TBME ) Form A | 1-butanol Form A | Nitromethane Form A
Isobutyl acetate | Form A | IPA Form A | BMSO Form A
Propyl acetate | Form A | Methylethy! Form A | Water Form A.
ketone
Ethyl acetate Form A | 1-propanol Form A | Tetrahydro furan | Form A
1-pentanol Form A | acetone Form A | Dicloromethane Form A

[0072] The stability of the citrate salt group A material was tested in harsher

conditions, when the samples were kept for a week in a humidity chamber at 60°C

and 96%RH. Figure 30 shows that no changes are observed in the crystalline pattern
16 even under these conditions.

[0073] Table § List of significant X-ray diffraction peaks for the citrate salt
(Batch Citrate 6 with 2theta ranges derived from Batches Citrate 2-5)

Position of Peak (2-theta®, 20.5°) | Relative intensity
7.1 Weak
7.8 Medium
10.2 Strong
10.9 Weak
14.2 Medium
16.7 Medium
16.8 Medium
171 Weak
17.6 . Weak




and 96%RH. Figure 30 shows that no changes are observed in the crystalline
pattern to even under these conditions. [0073] Table 5 List of significant
X-ray diffraction peaks for the citrate salt (Batch GCtrate 6 with 2theta
ranges derived fromBatches Citrate 2-5) Position of Peak (2-theta, 0.5)
Rel ative intensity 7.1 Weak 7.8 Medium 10.2 Strong 10.9 Weak 14.2 Medi um
15.7 Medium 16.8 Medium 17.1 Weak 17.6 Wak WO

2010/ 06818‘;,8%{)&%9809/ 000473 14 ~ PCT/SG2009/000473
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Position of Peak (2-theta®, £0.5°) | Relative intensity
18.5 Weak
18.7 Weak .
20.7 Weak
214 ; Medium
224 ' Strong
233 - Weak -
242 Weak
25.1 Weak
25.8 Weak
26.2 , Weak
26.9 Weak
275 Weak
28.7 Weak
29.3 Weak
31.0 Weak
324 Weak
37.3 Weak
38.6 : Weak
39.9 Weak
416 Weak

[0074] - As can be seen the citrate salt may be characterised by showing on X-ray
diffraction a peak on the 2theta scale at 22.4°10.5°,

5 [0075] In some embodiments the citrate salt may be further characterised as
showing on X-ray diffraction peaks on the 2theta scale at 10.2°10.5° and 15.7°40.5°.

[0076] In some embodiments the citrate salt may be further characterised as
showing on X-ray diffraction at least four peaks on the 2theta scale selected from the

10 group consisting of 7.8°+0.5°, 10.2°+0.5°, 14.2°#0.5°, 15.7°x0.5°, 16.8°+0.5°
21.4°10.5° and 22.4°£0.5°.



Position of Peak (2-theta, 0.5) Relative intensity 18.5 Wak 18.7 Wak
20. 7 Weak 21.4 Medium 22.4 Strong 23.3 Weak 24.2 Wak 25.1 Wak 25.8 Wak
26.2 Weak 26.9 Weak 27.5 Weak
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[0077] In some embodiments the citrate salt may be further characterised as
showing on X-ray diffraction at least 6 peaks on the 2theta scale selected from the
group consisting of 7.8°£0.5°, 10.2°t0.5°, 14.2°10.5°, 15.7°t0.5°, 16.8°10.5°,
21.4°40.5°, and 22.4°+0.5°. | |

[0078] In some embodiments the citrate salt may be further characterised as
showing on X-ray diffraction peaks on the 2theta scale at 7.8°+0.5°, 10.2°£0.5°,
14.2°4£0.5°, 15.7°£0.5°, 16.8°+0.5°,21.4°10.5°, and 22.4°10.5°,

10 [0079] In some embodiments the citrate salt may be further characterised as
showing on X-ray diffraction peaks on the 2theta scale at 10.9°10.5°, 17.1°+0.5°,
23.3°0.5°, 25.1°+0.5°, 25.8°+0.5°, and 27.5°+0.5°.

[0080] Whilst the peaks discussed above are the characteristic peaks the citrate

15 = salt may also shows on X-ray diffraction peaks on the 2theta scale at 7.2°1+0.5°,

17.6°t0.5°, 18.5°+0.5°, 18.7°£0.5°, 20.7°1£0.5°, 23.1°i0.5‘5, 24.2°+0.5°, 26.2°+0.5°,

| 26.9°+0.5°, 28.7°£0.5°, 29.3°10.5°, 31.0°t0.5°, 32.4°10.5°, 37.3°+0.5°, 38.6°t0.5°,
39.9°10.5% and 41.6°10.5°.

20 [0081] As will be appreciated by a skilled worker in the field the relative intensities
of the diffractions can vary depending upon a number of factors such as the method
of the sample preparation and the type of instrument used. In addition in certain

instances some of the peaks referred to above may not be detectable.

25 [0082] The salt of the present invention may be produced by reaction of the free
base of compound (I} with an appropriate form of ciiric acid in an appropriate solvent
and recovering from the reaction mixture the resultant salt after crystallisation,

precipitation or evaporation.

30 [0083] The reaction to form the salt may be camied out in any non-interfering
solvent, or mixture of solvents, in which the free base has appropriate solubility.
Examples of suitable solvents of this type include toluene, tetrahydrofuran and water.
The process typically involves dissolution of the free base in the appropriate solvent
at elevated temperature, such as greater than 20°C. In some embodiments, eg



28.7 Weak 29.3 Weak 31.0 Weak 32.4 Weak 37.3 Weak 38.6 Wak 39.9 Weak 41.6
Weak [0074] As can be seen the citrate salt may be characterised by
showing on X-ray diffraction a peak on the 2theta scale at 22.40.5. 5
[0075] In sone enbodinents the citrate salt nmay be further characterised
as showing on X-ray diffraction peaks on the 2theta scale at 10.20.5 and
15.70. 5. [0076] In sone enbodi nents the citrate salt may be further

characteri ﬁﬁﬁﬂow ng on X-ray diffraction at Iea§éT,§(%,{9,05{ﬁ%ks on the
2t heta scale se ected fromthe iogroup consisting of 5, 10. 20.501

1420.5, 15.70.5, 16.80.50 , 21.40.5, and 22.40.5. V\D
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tetrahydrofuran, the free base is dissolved in the solvent at a temperature of about

65°C. In some embodiments, eg water, the free base is dissolved in the solvent at a
temperature of about 90°C.

5 [0084] Once the free base has been dissolved in the appropriate solvent the
process then involves addition of a suitable amount of the acid. The amount of acid
may vary although typically the amount of acid used is a stoichiometric equivalent or a
slight stoichiometric excess. Following addition of the acid the process then typically
involves stirring of the reaction mixture at the addition temperature for a period of 1

10 hour followed by cooling of the reaction mixture to a temperature below the reaction
temperature to facilitate crystallisation. Once the desired level of crystal formation
has occurred the crystals méy be isolated by filtration and dried using normal means
in the art.

15 ~ {0085] In another embodiment the present invention provides the use of the salts of

the invention in the treatment of proliferative disorders. The formulations and

| methodology for the use of compounds of this type and the disorders that may be
treated thereby are as disclosed in PCT/SG2006/000352.

20 [0086] The present invention will now be described with reference to the following
non-limiting examples. Hydrochloride salts were prepared as discussed above for
comparative examples and analysed in an analogous manner.

[0087] ‘ Example 1 Formation of the Hydrochloride salt of Compound 1
25 (Comparative example)
[0088] The free base 11-(2-pyrrolidin-1-yl-ethoxy)-14,19-dioxa-5,7,26-triaza-
tetracyclof19.3.1.1(2,6).1(8,12))heptacosa-1(25),2(26),3,56,8,10,12(27),16,21,23-
decaene was dissolved in dichloromethane, brought to reflux and treated with
activated carbon. The mixture was filtered hot throﬁgh a pad of celite and washed
30 with dichloromethane. To the filtrate was added methanolic HCl and the mixture was
stirred at 10-15 °C for 2-3 hours. The slurry was cooled to 5-10°C, fiitered, washed
with heptane and dried in a vacuum oven at 40-45°C to afford 11-(2-pyrrolidin-1-yl-
ethoxy)-14,19-dioxa-5,7,26-triaza-tetracyclo[19.3.1.1(2,6).1(8,12)Jheptacosa-
1(25),2(26),3,5,8,10,12(27),16,21,23-decaene hydrochloride.



[0077] In sonme enbodinents the citrate salt nmay be further characterised
as showing on X-ray diffraction at |east 6 peaks on the 2theta scale

sel ected fromthe group consisting of 7.80.50, 10.20.50, 14.20.5, 15.70.5,
16.80.5, 21.40.5, and 22.40.5. [0078] In some enbodinments the citrate salt
may be further characterised as showng on X-ray diffraction peaks on the
2t heta scale at 7.80.5, 10.20.5, 14.20.5, 15.70.5, 16.80.5, 21.40.5, and

22.40.5. 1QoLHQ3A%ks! N some enbodi nents the citrate sgdtsdihsel@snsf urt her
characteri sed as S?“IOWI ng on X-ray diffraction peaks on the 2theta scal e at

10.90.5, 17.10.5, 23.30.5, 25.10.5, 25780.5, and 27.50.5. [ 0080] Whil st
t he peaks di scussed above are the characteristic peaks the citrate 15salt
may al so shows on X-ray diffraction peaks on the 2theta scale at 7.20.5,

17.60.5, 36@@980 é&mﬁ@ﬁ%ﬁ%o@@f&ﬁra’i@&@ 10.5, 24.20.50, 26.210.5,
26.90. 5, , 32.40.5, 37.30.5, 38.60.5 39.90.5

and 41.60. 909010[%81’}1”% (fw mg, Bébﬁmn@l&waﬁéaswd%d #xeithes fHRr tdlvenen t he

field the EﬁL?tan%ehW Rated (£S5 qurFtthf‘ b@bérﬁé %Q!Iéa?%luﬁ&}ﬂ YR é’olﬁlﬁﬂ%‘ ng upon
a nunber of factors such as the nethod o he san(ggct preparation and the
r

type of’ i fben tingiad \M}Bédeqw\f@lem@f Eitrignagidh f@@tqdaatﬁS mee@ugame slemivt he
peaks ref bR cIonatQCB’G dVéYm@ﬂtto bsc.ﬁ%e&ys%m.s%uor% ThO QRAtals nﬁjssféfln;edo‘c the

present invention nmay roduced by reaction of the free base conmpound
(1) with a‘}‘f'-fﬁﬁ}ﬁ“d?ﬂ'@t% Eyﬁlg?ﬁ'ﬁ'bf citric acid in an appropriate sol vent and
recovering fromthe reaction mxture the resultant salt after
crystallisation, pre itation or _evaporation. 30[0083] The reaction to
form the d489¢1] nBEXaBW%SFPF'EG“%?f?Waé?}'y"‘ahon interfering solvent, or

m xtur g offoea2 v esdnfpouhd 1460 Ay, bheefn{rﬁa) h%%&b@ﬁdeﬂnﬁﬁﬂpr(ﬁﬁlﬁ aﬁ@bew ity.
Exanpl es of sui t abl'e solvents of pe_i ncl ude tol ue

t et r ahydr dregtesifo §ﬁd3 wattl &/became aﬁ'?ﬂf&ﬁ‘"?@fpm%lﬁ?lquﬂm 10@%"6?@@ sithtli on of
the free hagRaleht bhEtrRRRIC MY AlsBILEOH Vit Mated], HRERYAItah ¢ FHPEHAkstreangsuch as

greater t h?n Iy% ?:cc::olecli r&o&tgr{g 56{3”’ gvceielrnrrrghtttg famﬂate crystallisation. The crystals thus
. formed were then isolated by filtration.
15
[0093] Example 4 Thermal gravimetric analysis and differential scanning
Calorimeftry
[0084] The samples of both hydrochlorlde {comparative) and citrate salts were
subjected to thermal gravimetric analysis and differential scanning calorimetry under
20 the following conditions.  DSC data were collected on a TA Instruments Q2000
equipped with a 50 position auto-sampler. The instrument was calibrated for energy
and temperature calibration using certified indium. Typically 0.5-3 mg of each

sample, in a pin-holed aluminium pan, was heated at 10°C.min™ from 25°C to 270°C.

25 [0095] A nitrogen purge of 50 mlmin' was maintained over the sample. The
instrument control software was Thermal Advantage v4.6.6 and the data were
analysed using Universal Analysis v4.3A. Alternatively, DSC data were collected on a
Mettler DSC '823e equipped with a 50 position auto-sampler. The instrument was
calibrated for energy and temperature using certified indium. Typically 0.5-3 mg of

30 each sample, in a pin-holed aluminium pan, was heated at 10°C.min"' from 25°C to
270°C. A nitrogen purge at 50 mi.min" was maintained over the sample. The
instrument control and data analysis software was STARe v9.01.



WD 2010/ 068181PCT/ SG2009/ 000473 16 tetrahydrofuran, the free base is

di ssolved in the solvent at a tenperature of about 65C. In sone

enbodi ments, eg water, the free base is dissolved in the solvent at a
tenperature of about 90C. 5 [0084] Once the free base has been dissol ved
in the appropriate solvent the process then involves addition of a

sui tabl e anount of the acid. The anmobunt of acid may vary al t hough

typical ly yhendpRuwit of acid used is a stoichionmehi cp@GidhBhRMs OF a
slight stoichionetric excess. Follow ng addition of the acid the process
then typically involves stirring of the reaction mxture at the addition
tenperature for eriod of 1 10 hour_fol | onwed cooling of the reaction

m xture t 30096 e datarwers eplipgtadyen PJ&F‘FEV\"‘?@ 8tT@% equirpedt With @at e

crystal | i 5@tgdeition @feesdniiflerd el iRstninfiNe WaSfterfperafurd cdiiBftaRf iy Hafiredccur red
the crystals may_be isolated b f||trat|on and dried using normal neans in

the art. PHumeloshiriqally Sn3ft mgroferash wagdogedsete aj prodared dlptibr®vi des

the use oferditfle Rkt SluMinidri DSOY tlsza was URtddr 884 0% Mhindf frdth Chrhbighat i ve
di sorders. The fornul ations and net hodol o for the use of conpounds of

this type YARErAlER &r SBPGer & PiHagemBYro et 6 gY-aH t Was arjntaiped gyerdthec| osed
i N PCT/ SG2@R{e0 Ot Trstruitnt 51881 sofldardwas TRemiaNX&int438 vii!d armlq% BSta

described with reference to the foll ow ngano n-limting exa

Hydr ochl oM&dR anafyeed \ising Mnivgesab fAnalysigi ¥ ésed’“tSB'@U‘@'Sf oTG/éo%ar‘el?fﬁve |

exanpl es apfbchitPby SeMettier FCARTT O BOUS GBIPPET with a 34 EQQ&?A afis3aRbRr, |
Formati on_of the Hydrochl oride salt of Conpound arative exanpl e)
[0088] Th d he instrument was temperature calibrated using certified |nd|um Typlcalty 5-30 mg

Irteebame%bfégcrgsﬁrlnﬁl gds maaeﬂbntEYaf]ﬁé—M%aT d&&ﬁggﬁ%a%zbge é’rﬁihfazlié % 12(27) 6.
etracycl o eptacosa
21, 23- ydeé%@"%@or& ag&%ﬁf\&é%ﬂ 'Lfectﬁwpg%ew t50tra m@gw and

treated Wiidintabd vodratle amprRN. ThENEstinent Eentishand uéth%rnegs@e&ﬂwahéwh a pad
30 wi th_di chl oronet hane the filtrate was added

of celite e
et hanol | S TABS Bl (e TRrue of (eiaanATe ShBG™ i 1he BouSS BSeussedotvRour 0. The

slurry was cooled to 5-10C, filtered, washed with heptane and dried in a

vacuum ov
11- (2-p yrﬁ@hgﬁi #Oxf ‘é&h’g §f€ﬁctﬁ'ﬂ?a&<ﬂ55 7,26-triaza-tetracycl o[ 19. 3. 1.
1(2,6). 1( goue8) | |’I'¢|Bt samses ofl bath) hﬁrﬂ@ﬂorﬂeSGCBmiaﬁr,aln&()Zﬂr)d divatdlsali3- \d@l@aene

R e L e R NS

suspended The esrditiens TddlédOWerceohuefnlbov(sZmLR,ayaﬁdmgaenDiﬁyach@atpedertne \65:6 until

caqui val encOE by f ethor bphd Riridthe 8RR f & ERahorTANEE ) ool e

down t® 50 @oelome@n diergercel ot 20 angds redeivirgatsiitsn.a TQlﬂptt:teysétaindaWhus

formed were t n. r n of
Ctrate Sal?nto%'%r%%gﬂ% hé‘gsge(t'"ydd &%gba? Thgggﬁ%eﬁ%gr}%&r@a@a%ﬁsp {ﬁk&gd in THF
(2m.), andlsglgmde]llﬂedéloemctum BITWah(NIBT197®ecame a cl ear solution. The
solution was then treated with 1 equivalent of citric acid (as a sol utlon
in water), heated at 90C for one hour and slowy cooled down to 5C

over ni ght 0099 addmbient eonditjensal | i sation. The crystals thus formed were
then i sol o] 5 ] T

anal ysi's ?ﬁﬁ)(]j Je’ﬁdeléns[?g gl?:daei;n?'{r}ggﬁcglcgﬁﬁnﬁyr eﬁl %}g? i%g}%nﬁ&{eof bot h
hydr ochl orﬁpé@m(éb%) HPRY Bewderasdeceivedt ARp©Xiaately 35«/@1@@'&&)?%‘@%5 gentlyer nal
gravi et ! igacRBAING laScte Mt rhepBied! 26162ABkdIBPIND] BRLdY whiarerrrel t he

foll owi ng con t| ons dat a vvere co nstrunments QRO000
equi pped \mamwleawmofﬂs%d i it o Rianesturipg éﬂaW%eThm%EEt?llﬁrﬁéﬂte detescallectiopr at ed
for energy@nd tenperature calibration using certified indium Typically
0.5-3 ng of each sanple, in a pin-holed alum niumpan, was heated at
10C. i 8 4 °f r om A9@ulaFange @ to 4220

. Step size: 0.05 "26
Collection time: 4 s.step™.



25 [0095] A nitrogen purge of 50 m.m n4 was mai ntai ned over the sanple.
The instrunment control software was Thernmal Advantage v4.6.6 and the data
wer e anal ysed using Universal Analysis v4.3A. Alternatively, DSC data were
collected on a Mettler DSC 823e equi pped with a 50 position auto-sanpler.
The instrunent was calibrated for energy and tenperature using certified

i ndi um Typi cal ly 0.5-3 ng of 30 each sanple, in a pin-holed al um nium
pan, %t] JA10C miril from25C to 270C. A nitseg&io@ih@s at S0

m . m n4 was rral ntal ned over the sanple. The instrunent control and data
anal ysi s software was STARe v9.01. WD 2010/ 068181PCT/ SG2009/ 000473 18

[ 0096] TGA data were | ected on TA I nstrunments 0500 TGA, equi pped with

a 16 posi tl@wlaait@fngw é‘rRaYrﬁeWF?{sQ'Ffm paitesns waRseqoliecipd op A Biykert ed

using certaddd eg Ghonel dlﬁfﬁ)ﬁﬁhﬁe@érh)élr@ 8l @ré&fatn@ﬁ?% {9 %N)a%uioﬂ%%d onto a
pre-tared platinumcrucible and al um ni um DSC pan, and was heated at

100C. mi ri XY staoanifsenvidgo misiRseaRefY ayo-spmele pesitioninggand gubisiara?- 60

M. mn-1 Wafe Sl aieaaiétév(&r XF@&%E@E&S&@%&%&U&G@E@! rMAyeR miggf t war e
was Thermal Advant age v4. an data were anal ysed using Uni ver sal

Anal ysiss aumed with tae?"r‘ﬂ-‘t'? 9@l'ryat°fr@£a0 A Be bearp diverdenge die- wememw@r

TGA/ SDTA @irbeofad! XRae Bedint dh ﬁe%%n%swab%pﬂﬂmeﬁ?a%w A-ﬁt@cbﬂlﬁhédé”em was
tenperature calibrated using certified indium Typically 5 ng 1o of

each sanplSEamawde yag&inrieved With sanile gAelgcter G'ﬁiaﬁi’%ﬂﬁ 4@ 'EIEl“!Sl'Cé' YRS Aas

heat ed at <}Q&ivEI20rrdndd &M Arbignt © t%ﬂﬂlf‘lﬂgé%rﬂﬂié 69@%%@&&({9% Jurge at
50 m.mnl was nai ntai ned over the sanple. The instrunent control and data
anal ysi s $@f b bordd segorde vo. 01. The results of the scans are shown in
the figures discussed above. 15 [0097] Exanple 5 X- Ray Diffraction

anal ysi s &0098] The sanpl es of both hydrochl ori de npar ative) and
citrate sdPtelnSpwprlespynuideg ampiept ?0559" ans VeEGreRAe 65 H@tp@t?rﬁﬁ’%"m%

char act er iugingpowdesis tacéiﬁfé@mh@n gRAdIRE " ApprokimathNibtrh@BEthy SaRpREIR as
Powder Diffractio atterns_were collected on a Sienens

foll ows: X-

D000 di 1 WP RRTEN AR e ISORAaET HATACROKV. 40mR) - e 20 0

goni onet.er, divergence of V20 and receiving slits, a graphite secondary
m)nochroni‘it) aRld a scintillation counter. The instrunment is performance
checkel u ﬁ’él eaam F'é‘bc m standard (NI ST 1976). [0099] Anmbi ent
condi ti on$aafp|e££m0¢ncﬁamh€s$nb’em dondifsnsawbieembursted dint 4 @ﬂ&oN\Bfaﬁermlmpar ed as
flat plat eci mens us as re ceive of the
sanpl e mi]eagﬁqucwcﬁgﬂpaﬂ{%o a??‘f"? CcPsi ‘ﬁ?’b%qéﬁﬂhe 60%'3 kgr ound
(51|0) si | itgi_openamfnelat cd. h}ao ganipt anmbfelamxahtwhem usott&e?r’ugnz\y fmk[aaez hitnutedg ,

anal ysi s. e details.of t ta collection are: ngul ar range: to
2 *20 St é’ﬁ%éf’ga{a°8“%%'°W’85%6‘ﬁ%°§t| on tine: 4 s.sterl. WO

2010/ 088181PCT/ SG2009/ 000473 19 [0101] Alternatively, X-Ray Powder

Dffracti t

diffract oi@ldﬁ Eglg ng(sgragﬁc; a&% d&&{el on H% E{/&lézl%'ltﬁéf ?ﬁﬁﬁ‘&dﬁ%‘dﬁ st age,
| aser vi deliscassdobospe for auto sanpl e positioning and a H Star 2-

di rensi onal area detector. X-ray optics consists of a single Gebel
multilayer mrror 5 coupled with a pinhole collimator of 0.3 nm The beam
di ver gencd(105] e Examplee§ f\isciablectepipeenturfe X-my Diffragtidmeam on the sanple, was
appr oximat i sanpl e
P et onf ortd el M Baefd gtk e UGS, 7 SR8’ sERBEs M ne sRY B lirdp,

-29.7 . Typrinnanattye Kﬁeygéfrqﬂhen wesi caripe oulx pduis dthe saltshwent- sfcalynelgletuuemf 120
seconds. S3%A N E[’émﬁ (o) 0, I ed as
flat plat é’gs[ﬁgﬂ'?&n&ﬂs us!“ﬁl$s Eymﬁggsfrece&?%fg E)hll?t &%rr%ﬂﬁeg{rsﬁp peB!

Appr oxi matastgrmined. pfhefesu 0§aﬁ$h ef thasscang late 9hqwre@sﬂsa fighres djscusseds| i de to
obtain a flatesurface. 15 [0103] Non-ambi ent conditions Sanples run under
non- anbi ent condl tions were mounted on a silicon wafer with

heat - céihductl ng conpound. The sanple was then heated to the appropri ate

te”peratur g gﬂta %%m.séufm%b%um@éychyeﬁg'ﬂs irR/BhtiH dRloYio Y ca 2

m'nutesb l'ection was I1niti
construed as limitations. Various equivalents and modifications may be made without

departing from the essence and scope of this invention, and it is understood that such
equivalent embodiments are part of this invention.



[0104] The X-ray diffraction patterns for the citrate salts are shown in
the figures discussed above. [0105] Exanple 6 Variable tenperature X-ray
Diffraction 25[0106] In order to probe the stability of the sanples of the
citrate salts variable tenperature X-ray diffraction was carried out.

Thus, the salts were scanned under X-ray diffraction conditions at a
series of tenperatures and the characteristic peaks determ ned. The

results Ofwﬁ%g'/o(fﬂ{s (the scans are shown in the figuresdicsavsned above. 30
[0107] The details of specific embodinents described in this invention are

not to be construed as limtations. Various equival ents and nodifications
may be made wi t hout departing fromthe essence and scope of this

i nvent i on Whatds pleimed ignder st ood that such equi val ent enbodi nents are part
of this invention. WD 2010/068181PCT/ SG2009/ 000473 20 What is clained is:

1. A C|trate salt of
11- ( 2- pyr rlol i dfin-citrafe - staox g - 13-(3-oydeligingl-gl-ethog)-14.1 3 dioxad G/ EpEr-19. 3. 1. 1

(2,6). 1( %t }&rg}hﬁshaﬂ% 11(B(12Theptadéba- 129, ﬁzé)%slgﬁﬂi 21?1@.@1 28- s decaene.
2. A salt according to claim1 wherein the salt i crysta I ne. 3. A
salt accoi8F§e o claim 1 or 2 wherein the salt isthe 1:1 salt. 10 4. A
salt according to any one of clains 1 to 3 which shows on X-ray
diffraction a peak on the 2theta scale at 22.40.5. 5. A salt according
to claim Z-Migﬁahﬁ%’@%ﬂﬁé’%ﬁ1>@me&?"d@ saltie eryefalipRaks on the Is2theta
scale at 10.20.5 and 15.70.5. 6. A salt accordl ng to any one of clains 1
to 5 which shows on X-ray diffraction at |east four peaks on the 2theta

scal e sel dct ed FAlbRCLIENG PSRN A= Wheraly thi saft igthes|:1 9alt. 20 5, 14. 20. 5,
15.70.f, 16.80.5, 21.40.5, and 22. 40 5. 20 7. A salt according to claim®6

whi ch shows on X-ray diffraction at |east ggpea s on the 2theta scale
sel ect ed fr om £ &t BrOIPNLBRY Qe clamsy 1 4¢3 shichhows gn Xyray diffragtion s 70, 5,

16.80. 5, 2&aitbn the 2tta 2chictht 22.4°20.58. A salt according to claim 6 which
shows on X-ray diffraction peaks on the 2theta scale at 7.80.5, 10.20.5,

14.20.5, 15.70.5, 16.80.5, 21.40.5, and 22.40.5. 9. A salt according to
cl ai m 8 wai ch Alsslpasdoaditg tai”cléﬁnrtﬂy(lhléhfdlsroasrbwe@npeﬁly?dlfﬁébtbhfbemm@nba scal e

ot 10. 90. S0 09 -5 GiPrs WO 51 25-80.5 and 2750,

8. A salt according to any one of claims 1 to 5 which shows on X-ray diffraction at
least four peaks on the 2theta scale selected from the group consisting of 7.8°+0.5°,
10.2°40.5° 14.2°+0.5°, 15.7°1£0.5°, 16.8°+0.5%, 21.4°+0.5°, and 22.4°£0.5°,

20
7. A salt according to claim 6 which shows on X-ray diffraction at least 6 peaks on
the 2theta scale selected from the group consisting of 7.8°+0.5°, 10.2°t0.5°,
14.2°+0.5°,15.7°10.5°, 16.8°10.5°, 21.4°10.5°, and 22.4°+0.5°.

25 8. A salt according to claim 6 which shows on X-ray diffraction peaks on the
2theta scale at 7.8°+0.5°, 10.2°+0.5°, 14.2°+0.5°, 15.7°£0.5°, 16.8°+0.5°, 21.4°+0.5°,
and 22.4°£0.5°.

9. A salt according to claim 8 which aiso shows on X-ray diffraction peaks on the
30 2theta scale at 10.9°t0.5°, 17.1°£0.5°, 23.3°#0.5°, 25.1°+0.5°, 25.8°£0.5°, and
27.5°40.5°.

10. A sait according to claim 9 which also shows on X-ray diffraction peaks on the
2theta scale at 7.2°1£0.5°, 17.6°10.5°, 18.5°+0.5°, 18.7°£0.5°, 20.7°+0.5°, 23.1°+0.5°,



WD 2010/ 068181PCT/ S&2009/ 000473 21 24.20.5, 26.20.5, 26.90.5, 28.70.5,
29.30.5, 31.00.5, 32.40.5, 37.30.5, 38.60.5, 39.90.5 and 41.60.5. 11. A
pharmaceutical conposition conprising a salt according to any one of
clainms 51 to 10. 12. A nethod of treating or preventing a proliferative
di sorder conprising admnistration of a therapeutically effective anount
of a salt according to any one of clains 1 to 10 to a patient in need

thereof . 1o fvofBdifi0d according to claim 12 wherein pEps@omlobds®y ative
di sorder is cancer. 14. Use.of a salt according to any one of clains 1 to

10 in the treatnment of a prollferatlveldl sorder 15 A use accordl ng to
claim 14 wherein the rollferatlve di sord IS canc e of a salt

accor di ng 2 &hy’ o?ﬁazép Sci 86-Aet015°t 88460 tgf“)e3 ‘ﬁ%ﬁuf%&z@ éPé ; $2‘éiﬁ\§c°l:| cament
for the trgarigpt aglse mgf@blgf'.ﬁj‘@tdn\je;1ch°§@5der 17. A use according to

claim 16 wherein'the proliferati ve disorder is cancer.
11. A pharmaceutical composition comprising a salt according to any one of claims
5 1to10.

12. A method of treating or preventing a proliferative disorder comprising
administration of a therapeutically effective amount of a salt according to any one of.
claims 1 to 10 to a patient in need thereof.

10

13. - A method according tc claim 12 wherein the proliferative disorder is cancer.

14, Use of a salt according to any one of claims 1 to 10 in the treatment of a
prohferatwe disorder.
15

15. A use according to claim 14 wherein the proliferativé disorder is cancer.

16. Use of a salt according tc any one of claims 1 to 10 in the manufacture of a
medicament for the treatment of a proliferative disorder.
20

17. A use according to claim 16 wherein the proliferative disorder is cancer.



