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11- (2- PYRROLI DI N- 1- YL- ETHOXY) - 14, 19- DI OXA- 6, 7, 26- TRI AZA-

TETRACYCL(O 19.3.1.1(2,6).1(8, 12) 11- 1EPTACOSA-

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)[91 hegltﬁacosa- 1(25),2(26), 3,5, 8,10, 12(27), 16, 21, 23-decaene. I n
addi tion t RO WIUEHAL i nvention relates to phar maceut FEYSSEBUBYE ti ons
containing the citrate salt and nethodg of use 10of the salt in the
treatnent of certain nedical conditions. BACKGROUND [ 0002]

Theconpolunflll- ( 21‘p{,EE-PﬂRROL'iDIN-ﬂYMlEWMMq%IDXDQS,d,ZBMAZA7 , 26-triaza-
tetracyclo[19.3.1.1 T, 0525 , 3,5,8,10,
12(27)16, 21, 23- i s dﬁ:@%&?gb}%@uﬁqwﬁv@@bﬁ@%&g ibed in |
PCT18G200610003521(28)2(26)3v4;8,4002(Z7), 46,21, 2p-DECABNEC ITRATESAET €Ut i cal | y
active agent for the treatnment of a nunber of nedical conditions and

clinical devel opnment of this compound is underway based on the activity
profil es denonstrated by the conmpounglELDN N Conpound | [0003] In the

devel opne drug suitable for mass productio ti matel

CONMer Ci anbatgﬂ Z@FeB%&Bﬁe'qngtéq"s r%?teﬁﬁﬂgﬁﬁcﬁq'f%?ti?ﬂaéfgﬁiﬁ'ﬂ“pW%'d'f‘aﬁzﬂet of

i nterest ieathoy)-y4,00diomd-5hes-trpatétaeyciofas Babl(es).{ BaR)|AsRbcdaa- consi der ed.
For exanpl i f | at.i f pharnaceutical, conposjtions it is

i mper at i veﬁF??a&%)%gs-%ﬁgﬁ2@?@&@?&3?#@0 %\er vgﬁs ‘Ec&tfoé'n l?ggsleﬁt AEHHRR t hat
can be r el relldsyto phgmnedactial compositonaesntaiaing mencifrate tsdlt aAg niztisge £6 ugnd Whi ch
i S robuyst ugh . ithstand the conditions to which the pharmaceutically
Lot | ootDy SR gﬁe\é*‘&egg@%'ﬂ_o I R FHITEIRET/ SG009/ 000473 2 [0004] In
a manufacturing sense it is inportant that during comrercial manufacture

t he manuf acturing .process of 'the gkgkﬁeﬁwq]cal |y active substance be such
that the same material is reproduce en e sane manufacturing

condi ti ond0862% uBed. ¢ampdididt i ott-2tpyrslidiediyi-ethbey) 1HA0-dihe-fha6meeeut i cal |y

active su j ' i r 1.1Q/ to the

manuf act u?t?'%gé}g@”gﬁﬂ) Sé)ﬁgf‘;l}%ﬂ %pgaé’gs{’g@%?@@’%ﬁ?ﬂggg(ﬂ-qﬁﬁgiéb| id form of
t he phat nedesasiec dCompendi )ewss bfastadessriped du REIT/SGRO0600O3HL earidt shaws

i nportant & | ) ol ' 1 al haying the same
cryst al i rneotmeaniioffRfsn pHireicahp acwe aet 16, 68 uhisftny 4P et

havi ng t heofseatical eqnslitions ang dlinicaloievelopment of this compound is underway based

on the activity profiles demonstrated by the compound.
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[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 pharmaéeutically
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.



[0005] 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 slowy or over tine)

it is alnm imossible to reliably formulate the ph ically active
subst ance \i’htzb)lr@“&srlug as the anount of substance to %@”@‘%ﬁ“ﬁ@”%‘@ provi de
the sane dosage will vary greatly dependi ng upon the degree of hydration.

Furthernore variations in hydration or solid form ("pol ynorphi snf) can
| ead to cHe{dés i a mamyiictuing kensedhis ippontant that sturiPDconsmekiabmanatbetoid ity or

di Ot : : | ) o CStont .
o 5301 U 3 e kBl lnd BRI, DGR TR SA el BB P
st abi | i t y,samedmaterialli$ réprodiced whieh déhe bamemuarwfactusing worditioneears ubsd. amce ar e
i f.act i ifuatian.t he 2 har.maceut i cal |

not ] ve Sugeiiiba 1P| dsRaplé ufng BffmetkbitBhy Aok oblnln BFR B bifbl e o
beih_ng_ ff f domi whlege giimar ethapgesr: taafher mahldbd;terirmalc@mﬂﬁmefdd ?aelﬁaWté thﬁa]c_br y f
exhibitin i : i ca-chemical characteristics o
the act | veranbisrtl b SERL PRI bRadiBempsiy SONE HERNGRin BiRALSEL TR i ¢y
char act er iexainple, it soivipgrtantrthatathel mamefdchitieg pBafe89 @iiduce material having the

Inrelatio - (4 LAaLn- 1- = -di pxa-5.7 -trigza- -
tetracycl %%%@%al%%ﬁ%knérﬂ%%oﬁ53’#{}}%&?@%%% zaa-(ie %g)pgcgﬁﬁé)m%erg?ga\i@ ?‘?( 27), 16,
21, 23- decamedevehpthydratonudi es were carried out on the hydrochl oride salt
and ingicated that polynorphismwas prevalent with the conpound being

found to adopt nore than one crystalline form dependi ng upon the
manuf act ul@G9] c mafditiod. is| impadanitt thah thiet pharsacen@ically active substance be

2010/ 06818 3, i re.cont.ent and
Fatio of piabie et A ABbR i tisaEN End Sselith TRadiel e ROk TRIm.
manuf act urlihisg i dmaptandnty fasilitate) ctiie cipearperation Tiethe pharmaceidivaltyc hctive

i nconsi st ehgd ; L bj 0 Gl . | ori de
Gl eas U drafmseliti I RHGHSE AR dhaimiacBfiB AGuEXOERARCT | |
woul d Me dreldygr W@'Ct(ﬁt'd@f\'})éﬂw sense that §rabseibs avatgr (either slowly or over time)

11-(2- Q) b Ghd = - T - .o[.19.3.1.1
ERGL ?a‘,qﬁ3?‘i“ﬁ"ﬁ'5'3’%’??2%?{5%?,9‘2?‘sz@‘)”%‘ﬁ’fé’és?ifg’?%ﬁfﬂ"ﬁg‘f‘%%F’é%’?";{eéﬁt%ne whi ch
over come @rdrugasitts ameunt sbsubistanse & by added tg & the saint idesagerwith vanys .

SUMVARY [%@Qﬂl,d'g endimEasuH the ¥eRE o0 RvdtaedH. d b habsi-salk iric acid
salt) of 1142- ggrrglfdﬁjiﬁn-_l-y@-@et hoiﬁ-M,T&%nﬁér,& @F'ﬁlovﬁgﬁhﬁé&h

| oxa- 5, 7, 365019 1. CRamerpkiFE} randead K ehagipeq iEphysicpichemical properties,
hept acmsa-skéR %k, Sty Br issBluliéh 16 2Whichboablin2@mil ReacRCIncARIG: driy sore
enbodi msnt% the salt Is crystalline. [0011] In sone enbodinents the salt

is the 1: POEPPHA @ aRAYeNt | h sone enbodi ments the citrate salt shows on
X-ray diffraction a peak on the 2theta scale at 22.40.5. [0012] In sone

enbodi men e,citrate salt shows on X-ray diffraction peaks on the
S hor a oodfae] T ASepraRbE, Eikicd NPy, soia’ g Cbiey aad B MG oR o ¢ he
(2:|t L r?te sm:harmwcl tauga?ﬁveas)dl?shﬂalﬁderaﬁet/érvﬁmaxﬁrtef[lﬁmtorsff.qgragg&?)ﬁ?gﬁ%rgmgt he

eta _scalLe sel e .0m rou consistin (0] . .9, . .9,
14,208 PhawgaGsUticaly otivE SURSTe cand, fy S9MBeRIEons [ qogianng ff, ShoHi be
enbogi mzsnteapaMe of:bein@mieemm% stsmu\meﬁapp)@maye ﬂéﬁddb@ﬁﬁh@,ﬂui?bgﬂ ?%\ﬁﬁgin@l geggs c
on the t het.a_ .sC sel ect rom e. 0 consl st or, /. L, . .9,
2014 50" 5 X 4nifERy Sndiedh 66 histinafic BHEaSRRNES of Bk e sissatice
enbodi mentssich be its attivity, endistire cohienss salnbility chgradtefigtica cloli® forpemld $hedike! he
2t heta scale of 7.80.5, 10.20.5, 14.20.5, 15.70.5, 16.80.5, 21.40.5, and

22.40.5. WD 2010/ 068181PCT/ SG2009/ 000473 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 hydrochioride 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 enbodinents the citrate salt al so shows on X-ray
diffraction peaks on the 2theta scale of 720.5, 10.900.5, 17.10.5,
17.600.50, 18.500.50 , 18.70.50, 20.70.5, 23.10.5, 23.30.5, 24.20.50,
25.100.5, 25.800.50 , 526.20.5, 26.90.5, 27.50.5, 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. [0017] The
present invention also provides a pharmaceutical conposition conprising a
salt as descrj bove. 10 [0018] In another enbodi th resent
invention‘§§3@$§g%§a nmet hod of treating or preventingﬁg&ﬁwgﬁW$grative

di sorder conprising admnistration of ;& therapeutically effective anount
of a salt of the invention to a patient in need thereof. In sone

enbodi ment®0SeNed Hiab ther Bpisture sonfericndaatio of harpolymorals yeoied ionl batetnti her

enbodi mentbatdheeveh GRRRATthe MERICRITNG BN rienl%ingﬁecoﬂ%taﬁt. Sﬁ'r?tsgg){?gm&

invention in the treatpent of a E_I’QH erative disorder.
enbodi ment@hrBCsstancies and\ e xdbibiterk hyaresasaiste madehé M9a@@Lhibideast hHer

embod mentedsliRsPARS ROt o dBYRRELANIARYHICS the use of a salt of the
invention in the manufacture of a nedi canent for the treatnent of a

proliférative disorder. In some enbodiments the proliferative disorder is

cancer. BRIJER : SraLive g oo e
e o U G M b A L
resol ut i on“WPHREY)(1E19-digw 8y, rfaa#ﬁ-fghacpygb&&ﬁ.i.@ﬁ!,&)n@éz)qmmesa_bm ow) .

0022] Fi hé ' ] | ori
0025 oo Wt e i LA

(DSO) (to anP t her mal I_g_raw netric an

1. [83?2%]’ the ghpve idedifisdrablesns: esul t s of Gravinetric Vapour Sorption
(GvVS) wef Batch 30HCI 1. [0024] Figure 4 shows the XRPD Diffractograns of
Batch HCI 1 pre- and post GVS. [0025! Fi 8ure 5 shows the XRPD Diffractogram
of Batch HCl 2. WO 20101068181PCT# 000473 5 [0026] Figure 6 shows

the resul {0oof TRé frésmt iR Grévsdst 8Nd; e ; 2 7]
Figure 7 sho I. ttel l%]RPD Di ffractq'o % ﬁ?ltéﬁ%c%ﬂH%ﬁﬂ%%'ﬁg%laog&[]P' ‘gure 8
shows thep}"éiﬁ@"f sYithoxea 144 8igioxaree 28sttiagaintaeygol49.31H2.Bpi(BH2H0CI  53.

[0029] Fi bemtecddasiizoy(26)s,5)i8010, 1263011811 @B.8REEN f f ract ogram of Batch HC
4. [0030] Figure 10 shows the results of DSC (top) and TGA (bottom) of the

Bat ch 'FCl 4. [ 0031] Figure 11 shows the results of GVS of Batch HCl 4.
- [0010]  In some embodiments the salt is crystatline.

[0011} In some embodiments 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°+0.5°
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 2theia scale selected from the group consisting of 7.8°+0.5°, 10.2°+0.5°,
14.2°40.5%,15.7°+0.5°, 16.8°1£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 8
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°10.5°, 14.2°+0.5°, 15.7°40.5°, 16.8°10.5°,
21.4°10.5°, and 22.4°40.5°.



10 [0032] Figure 12 shows the XRPD Diffractogramof Batch HCl 5 (2
conditions). [0033] Figure 13 shows the results of the DSC thernogram of
the Batch HCl 5 (prepared from Et hanol). [0034] Figure 14 shows the XRPD
D ffractogram of Batch HCl 6: |ow resolution trace (C2, above) and high
resolution trace (05000, below). 15 [0035] Figure 15 shows the results of
TGA (top) and DSC (bottom of the Batch HCl 6. [0036] Figure 16 shows the
results of ?é?“?f Batch HCl 6. [0037] Figure 17 shows tge hi gh_resol ution
X-ray diffPacti®8fPatt erns (D5000) of Batches Gitrat 8§79 5H0d 4. 2o
[0038] Figure 18 shows the results of ,JGA (top) and DSC (botton) 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 results

of TGA (t nd DSC (batto of the.Batch 25Citrate 3. [0041] Figure 21

shows thecwli@zl Sg sge O(jl”{f)%‘}s Q"ﬁcf" Bé%se'ﬁalf’?& WHen %Ff@y S&f‘%ﬂ‘f" ER e 4.

[:‘3042] Ei ginr the2 2thetzowsalé R X 2140c0] @ 0oeaps?, altTUT’QO.K‘; r1a>e°ﬁm_s¢,r1aezsfi¢gf5°pat tern

of Batc Lt o ] 00431, Fi gu 0 23 4 ow the GVS experi ment

and post-a%{ %EDI%%%%P% Zﬂéﬁégt égélé-%%%ﬂgh 281055 .8 Fgému -

Fi gur ess 2]:'26.2250.52726.9’&0§nd229°1$)t83yv28]76tm5°g mgraeﬁmbutdmw%()ﬁsf, m.mgfﬂa,act ion

pattern o e L 0. i3m0 4, nd_6 respectively, recorded on a

di f f er ent %ﬁgti-‘fgnéﬁg" ﬂ%’tmg?ﬁaﬁo%fanﬂi"a(ﬁ% $8|-§7. VO

2010/ 068181PCT/ SG2009/ 000473 6 [0045] Figure 30 shows the X-ray

ot ter bel AP UL ptTTPoP arbbcRVonof SSRGS ohaHBERSCE 0 COMROSOARH

DETAI LED [DafBEHSiRY hGhlt h90dsaTibédsalsdvet ed above it has now been found that

certaip salts of 11-(2-pyrrolidin-

1-yl -et’hoxy)- 14, 19-di oxa-5, 7, 26-tri aza-tetracycl ol 1

(92% 1i é( g,[mtel( 8n d8)théweqth amnaentlipéﬁl)eseﬁ( igﬁéntﬁn 5{&@3@ ,arJ]Jﬁeth?d of treating I .
, 16, 21, 23- ne i.st.. as. single robust po r . Jn particular the

pr esent a%ﬁ%‘%ﬁﬁ@eﬁfv@ﬁ?r hﬁeda'tsﬂgf’gf:ﬂrgpréﬁ'?gr 39'5'”&%%”?8?? r"i'ecfa'g%it'ﬂal alt) of

this 10 ceffpdivedansoingtes aasalioktheghesntioh o phtienf B0dedd Wbidost I tsohe

consi dere%b%?tﬁ”et"%etpg}pﬁ&ﬁge&%é’% c{?sg)r&ér'ié;%?%cgr?' d would be clear to a skilled

addressee 1n e ar avo any uncertainty the structure is
shown bBel ow. 15 0 OHO OH OCH

[0019] In another embodiment the present invention provid'es 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 HCI 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.
- [0025] Figure 5 shows the XRPD Diffractogram of Batch HCI 2.



Citric Acid 20[0048] Initial studies into conpound I involved anal ysis of
the hydrochloride salt. It was found as summari sed in Table 1 bel ow, that
the initially prepared hydrochloride salt produces an inconsistent solid
formwith significant variability in the DSC, TGA, GVS and XRPD pattern
(see Figures Ito 16). WD 2010/ 068181PCT/ S&009/ 000473 7 [0049] Table 1
Tabul ati on of Solid form anal ysis of various Hydrochl oride salts of

Corrpound Batch Size Solid Form Conment (se 1 0.72kg
G oup lgg%lg}gr‘gfmhous HCI 2 0. 6kg Predom nately chulfo B@&@% 1. 6kg

C?oup 1 + 3 + I|ttIe anor phous HCl 4 %9ng Group 1 HCl 5 10ng Group 2 HCl 6

' [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 fhe Batch HC]|

s 3. ,

[0029] 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
HCIl 4.
[0031] Figure 11 shows the results of GVS of Batch HCI 4.

10 [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 resolutaon

.~ 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
HCI 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 results 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 Baiches Citrate 2, 3, 4, 5 and 6 respectively, recorded on a different
instrument from that of Figure 17.



30ng G oup 3 5 [0050] As can be seen fromthe table notw t hstanding the
sane production conditions (batches 1 to 3) being used there was a w de
variety of solid fornms identified on analysis of the 6 hydrochl oride salt
batches indicating that with this salt there is a high degree of

pol ynor phism 10 [0051] The XRPD for the sanple of Batch HCl 1 (see table
1) is shown in figure 1. This diffractogramindicates this batch has
relatively |low | evels of crystallinity and an anorphqus halo indicating a
m xture of YWOHAYE® B he thermal gravinetric analysis Fé#@#m%?ﬁa“a’l fferential
scanning calorinetry (DSC) for the sarple of Batch NCI 1 is shown in
figure 2. The TGA shows a two stage weight loss totalling 4.5% up to 100C
15 which ¢opsd] eFigurel130t shews Wal Bibp diffractioh eFatteriN b theogifraie Rrdgowldl to the
t wo endothermsIEe i.n thg S v.vitPR(ilgésets qg;l 40C and. 88C, respectfully.
This is mi&qterq 8&{})#‘2{3@& BPLR]ING, KeRfqr & wegli,the, Ruraidipy shanher abSIE by ocess
sol vents wed@eoirterved 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. ThpEFAREDSDESCRIFT@MONes can be visually seen in

a hot-sta l Cr,0oscop i de 005 The S results for the sanple of

Bat ch NCI q‘io@ep‘?f%%'?giaﬁmﬁ 'EU? ngw %P‘%’&%ﬁ‘% cgﬁﬁ‘{)\/s“‘a%ogi’m'&r%’l""@%'orpti on
01;] walt er i1ny|1§hmxy)n1'4,isatiiogaismzﬂ—&i@fa-t@wﬁmlogfg.aﬁwEﬁ’{ﬁ)at(g,z,‘_i)]%%cﬁ?ké The sanpl e
t hen | oses, 5% S oj.hg._t ss and then regains, 2% nass on goi ng
o R0ve e WP EEOR D o 7L o S H0aREachg sl B 1D RO TRE NS hB vt o
cont ent uppattisular fioprsenh apicamts pavddubdthat thehteitatst (ciliteaddsa) ef migpears to
be a parti allé d(ﬁ%qrat ed. hrdr?te that, once it has been exposed a high
enough' eF&MPEYN UPE § SPFERONRYRY- and then permanently holds on to it
during the GYS WD 20101068181PCT/ SG2009/ 000473 8 experinent. To determ ne
if there eef,.. hange .i n e lid formof .the material after the GVS
exper | mont0S il Rt s 05eited Hat 3% PustEch e AEC SRoh oP PRt dBe 4. The
X-ray dif fskitied addrassegoiatth€ufd in @rder to besid taay uhedriairity tHeestaichiré isnghowmt eri al |
but with g i ntense peaks. Al so sone minor peaks in the original
diffractogram (ca. 8.5 and 5 15.5 2theta) have di sappeared. It is likely
that titee material subjected to the GVS experinment contains nore than one
crystalline phase (form and that oned_tl tbe forms changes on exposure to
el evated hum dity. [0053] The X spgctrum of Batch HCI 2 is shown in
figure 5 and as can be seen to t } orrelation with the XRPD
obtained with the H3 1 batchHGhe and DStspectra of Batch HCl 2 are
shown in figure 6 and have sone sing ihHes, but is not identical, to
Batch HCl 1. Batch HCI 2 lost 5.6% water 1n the first phase of the TGA
until deconposition at 260C. This water |oss represents 1.67 equivalents
of water. The DSC spectrum shows t g@risaeid 3 t hermal 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 | “wed h [ed48hernnitidl etud@s ittoatontgolnd | imblede analysitco{RPBydrbeieidelsaltiClit 3 was

quite complex with many nore reflections that .other batches and a

ed ¢ onaraeaphis 75 SRR able"E bolis el e Bl SRR/ APURES. The
TGA and DSGlt ppetices anfinddasistentkdlid Joirs with significant fviagabilty & thel@scanphe | ost
1. 5% wat ern,i kr.s e_of t t hen anot.her | oss of 1.97%
possi bly S%YQEM]QREP pfég%r‘g%? F@“ﬁéggﬂggﬁi 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 nmeans of dehydration, a small expansion of the lattice which wll
rel ease water trapped or a change in the crystalline structure. The total
weight lost inthe TGAis 3.4% The DSC spectrum shows the sane 3 thernal
events as seen with Batches HCI 1 and 2 but with an additional endothermc
event at 200C, probably a desolvation. 30 [0055] In order to probe the
behavi our above the HCl salt was recrystall ef | uxi ng
acetonitri g%ﬁ{ozégsgslto yield 79ng of a yell ow powder, 13%9%2859&@4]}4 Thi s 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, isolable polynorphic formof the
V\D 2010/ 06@1@1P@b5620w1m79f $ahd farael andlysiscef varidusk Hydrochtorider oup

i o recrystallisation, direct formation of the G oup
1 mat erl aI F%tc??nbltaﬁ@ ﬁigg base and aqueous add may al so be acconpli shed.
Figure 9 which shows the XRPD spectrum of Batch HC 4 (G oup 1) did not
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[ 0060] Table 2 Tabul ation of stress tests on group 3 hydrochl oride 20
Experinent Conditions Tine Comment 1 40C/ 75% RH O hrs G oup three 2
60C196% RH O his Goup three 3 40C175% RH 24 hrs Goup three 4 60C/ 96% RH
24 hrs G oup one 5 40C/ 75% RH 48 hrs Group three
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~ 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 diffractogram (ca. 8.5 and

5 1565 -Ztheta) 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.

[00563] 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 HCI 2 are shown in figure 6 and have some similarities, but is
riot 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 thermal 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 HCt 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 HCI 3 is
shown in figure 8. The sample lost 1.5% water in the first phase of the TGA then
another loss of 1.97%, possibly solvent, at 165°C untit decomposition at 260°C. This
water loss represents 0.5 equivalents of water, lower than the 1.1 equivalents (3.79%)
indicatéd 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 HCI 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 acetonitrilewater 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



6 40C/ 75% RH 72 hrs G oup 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, woyul to be controlled to ensure that i I convert
into the g&8§%fa§§8 "aterial. WD 2010/ 068181PCT/ 362055%‘%’9@%1 [ 0062]

In summary, the processes enployed to prepare and purify 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)] he
pt acosa- 1(HEHsalk (IRGyefdrth kBovtrDad Z3r2up 1.6 A2 hn2ilterhativctoaedig@tallisttivn, atirecn ot
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content S8 bederarclrfhd S0F K20y SR, & ity ALLREMRHE el
si ngl e polcprrelafes wedl vathottle heckd erdotivezs obsered)n thed3EC foriset = a%MC)biThe
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addi t i on tEAfinaherstotherokonsienz22)€).t he hydrochl oride salts (batch HCl 6- group
3) froppthe standpoint of the DSC anal ysis has been found to convert to

other 15 pol ynorphic forns under stress as di scussed above indicating
that thi s [§G56hotG\ES analigie wasl samied but AD B8] data in shewlin Fgurd he. The
unaccept a Ik LR E Ve ‘ | ; J' . ,Ji scussed
above. an AP TRErSHoARl bR ARefiAon M W BnhSrRE L ns BEbbind gl cover y
endeavour $0f4BHtte P0%RH.héhe sampledost 21 8% mash eh 9ging ioms% Rtbloukynessl i d

[0064] Tanrg e e St " R e e e e e

15~ unchanged (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 methanol 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 sampies 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 diffractograms 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 HCl 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 Ctrate 2 20g Goup A Citrate 3 66g Goup A Ctrate 4 37g G oup A
Goup ACtrate 5 3.5kg Citrate 6 0.88kg Goup A 25 WO

2010/ 068181PCT/ SG2009/ 000473 12 [0066] Figure 17 shows the high resolution
X-ray diffraction patterns (D5000) 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 simlar indeed and essentially identical for the purposes
of establighing solid formclassification. A conplet L.St] of all peaks
5 obser ved%‘P)s20 WA i n tabl e 5. [0067) Figures .18, 18?*’%20@2@045‘1 show t he
TGA (top) and DSC (bottom spectra fongBatches Citrate 1, 2, 3 and 4,
respectively. The thermal gravinmetric analysis clearly denonstrates that

t he ci t r atdeseritiedsheséiow Strikingy, i DEGsanduTGA Ispedteyshoetin figdr 15 are very

simple with very little weight loss recorded in the TGA until degradation occurs at
around 240°C and likewise no thermal events in the DSC until melting and
decomposition. This material was shown to be a single, polymorphic form of the HCI

5 salt different from that of the Group 1 and 2 materials (henceforth known as ‘Group
3). In the GVS (Figure 16) the sample showed very little sorption of water gaining
only 1.6% mass on going from 40% RH to 90% RH. The sample lost 2.4% mass on
going from 90% RH to dryness. The sample was analysed by XRPD post GVS. The
form of the sample was unchanged after the experiment (data not shown). Both the

10  GVS experiments from Batches HC! 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 sait. |

- [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 60°C/96% RH [ 24 hrs Group one
5 40°Cf75% RH | 48 hrs Group three
5 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. This 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.



10 deconposition at 180C. This indicates the general tenperature stability
and robust nature of the citrate salt and also that it is generally not
hygroscopic. In addition inspection of the differential scanning
calorinmetry plot indicates that no other events (phase changes, etc) are
evident for these salts. It is also clear fromthis data that the batches
are essentially identical in their thermal profiles. 15 [0068] Figure 22
shows t he rj tenperature X-ray diffraction pat f ch Citrate
1. Wth ré&ﬁf@ﬁ@%ﬁPo the variable tenperature X-ray %ﬁﬁ??ﬁ%@@%ﬁ patterns
shown it is notable that there is no ghange irrespective of the
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15 P polymorphic forms under stress as discussed above mdlcatmg that this is not a stable

polymorph.

[0063] As a result of the unacceptable variability observed witﬁ the hydrochloride
salt as discussed above an_aiternative 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 4 379 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.



3-nmet hyl -1- butanol Form A Et hanol Form A Cycl ohexane Form A Met hyl

| sobutyl ketone Form A | sopropyl acetate Form A 1, 4-di oxane Form A

2- but anol Form A net hanol Form A Tol uene Form A 2- et hoxy et hanol Form A
Acetonitrile Form A TBME Form A 1-butanol Form A
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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 iisting of all peaks

5 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

10 decomposition 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 piot 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.

15
[0068] Figure 22 shows the variable temperature X-ray diffraction pattern of Batch

| Citrate 1. With reference to the variable temperature 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

20 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.

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, 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

30 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



Ni t romet hane Form A | sobutyl acetate Form A | PA Form A DMSO Form A Propyl
acetate Form A Met hyl et hyl ketone Form A Water Form A Ethyl acetate Form A
1- propanol Form A Tetrahydro furan Form A 1-penta nol Form A acetone Form
A Di cl oronet hane Form A
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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
o ' - ethanol
TBME ' Form A | 1-butanol Form A | Nitromethane Fom A
Isobutyl acetate | Form A | IPA Form A | DMSO Form A
Propyl acetate | Form A | Methylethyl 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
10 even under these conditions.

[0073] Table 5 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®, £0.5°) | Relative intensity
71 Weak
7.8 Medium
10.2 Strong
10.9 Weak
14.2 Medium
15.7 Medium
16.8 Medium
174 Weak
17.6 : Weak




[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 and 96%H. 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
Citrate 6 with 2theta ranges derived fromBatches Ctrate 2-5) Position of

Peak (2-theta, 0.5) Relative intensity 7.1 Wak 7.8 ' .2 Strong
10. 9 Weak ‘f&.%‘“ﬁ?)é“&%lum 15. 7 Medium 16.8 Medium 17. 1 v@@&é‘%&%&\?@ak

14

Position of Peak (2-theta®, +0.5°) | Relative intensity
18.5 Weak
18.7 Weak
20.7 Weak
21.4 : Medium
224 ' Strong
23.3 - Weak
242 Weak
25.1 Weak
258 Weak
26.2 _ Weak
26.9 Weak
775 Weak
287 Weak
293 Weak
31.0 ' Weak
324 Weak
37.3 Weak
38.6 ' Weak
39.9 Weak
41.6 Weak

[0074] - As can be seen the citrate sait 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°+0.5° and 15.7°40.5°.

[0076]) In some embodiments the cifrate 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°t0.5°, 10.2°10.5° 14.2°#0.5°, 15.7°+0.5°, 16.8°10.5°,
21.4°10.5°, and 22.4°+0.5°.



WO 2010/ 068181PCT/ SG2009/ 000473 14 Position of Peak (2-theta, -10.5)
Rel ative intensity 18.5 Wak 18.7 Wak 20.7 Wak 21.4 Medium 22.4 Strong
23.3 Weak 24.2 Weak 25.1 Weak 25.8 Weak 26.2 Weak 26.9

WO 2010/068181 PCT/SG2009/000473
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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 sélected from the
group consisting of 7.8°%#0.5°, 10.2°t0.5°, 14.2°+0.5°, 15.7°10.5°, 16.8°£0.5°,
21.4°40.5°, and 22.4°+0.5°. ' '

[0078] 1in some embodiments the citrate salt may be further characterised as
showing on X-ray diffraction peaks on the 2theta scale at 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°,

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°+0.5°, 17.1°40.5°,
23.3°40.5°, 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°10.5°,

17.6°10.5°, 18.5°+0.5°, 18.7°+0.5°, 20.7°+0.5°, 23.1°:tO.55, 24.2°40.5°, 26.2°+0.5°,

| 26.9°+0.5°, 28.7°x0.5°, 29.3°10.5°, 31.0°+0.5°, 32.4°20.5°, 37.3°+0.5°, 38.6°+0.5°,
39.9°+0.5% and 41.6°+0.5°.

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 sait of the present invention may be produced by reaction of the free
base of compound (1) with an appropriate form of citric 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 carried out in any non-iﬁteﬁering
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



Weak 27.5 Weak 28.7 Weak 29.3 Weak 31.0 Weak 32.4 Weak 37.3 Weak 38.6 Weak
39.9 Weak 41.6 Weak [0074] As can be seen the citrate salt may be
characteri sed by showing on X-ray diffraction a peak on the 2theta scale
at 22.41-0.5. 5 [0075] In sonme enbodinents the citrate salt may be further
characteri sed as show ng on X-ray diffraction peaks on the 2theta scale at
10.20.5 and 15.70.5. [0076] In sone enbodinents the citrate salt may be

further ch ri.sed as showing on X-ray diffractio | east. four peaks
on the 2t h§{022%£"@341§ selected fromthe togroup consi sF’Fﬁ CPED. 5,

10.20.5, 14.20.5, 15.70.5, 16.80.5, 21640.5, and 22.40.5.
~ 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 !
25 (Comparative example)
(0088] The free base 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 was dissolved in dichloromethane, brought to reflux and treated with
activated carbon. The mixture was filtered hot throilgh a pad of celite and washed
30 with dichloromethane. To the filtrate was added methanolic HCI and the mixfure was
stirred at 10-15 °C for 2-3 hours. The slurry was cooled to 5.—10°C, filtered, 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[18.3.1.1(2,6).1(8,12)]heptacosa-
1(25),2(26),3,5,8,10,12(27),16,21,23-decaene hydrochloride.



WO 2010/ 068181PCT/ SG20091000473 15 [0077]
salt may be further characterised as showing on X-ray diffraction at

In sone enbodi nents the citrate

| east

6 peaks on the 2theta scale selected fromthe group consisting of 7.80.50,

10. 20. 50,

14.20.50, 15.70.5, 16.80.50 , 21.40.5, and 22.40.5. [0078]

In

sonme enbodi nents the citrate salt may be further characterised as show ng

on X-ray diffraction peaks on the 2theta scale at 7.80.5, 10.20.5,
14.20.5, 15.70. 6.80.5, 21.40.5, and 22.40.5. 10 [0QO | n some
enbodi nent Otzﬁlg%ﬁsll Late salt may be further charact 6}8@%@@0%

X-ray diffraction peaks on the 2thetagcale at 10.900.50, 17.10.5,

23. 30. 5,

25.10.5, 25.80.5, and 27.50.5. [ 0080] Whil st the peaks

Howi ng on

di scussed above are the characteristic peaks the citrate 15salt may al so

A T

28.70.5, Z00F). Stomiungd 0 (5D mg3R.140 .riv@iol) 8/As 30spedded th ithebTHF o3 0lBéhed and

shows on
18. 50. 50,

it
then treated with 1 equivalent of citric acid, heated at 65°C for one hour and slowly
cooled down to 5°C overnight to facilitate crystallisation. The crystals thus formed

were then isolated by filtration.

[0081] Example 3 Formation of Citrate Salt

[0092] Compound 1 (50 mg, 0.106 mmol) was suspended in THF (2mL}), and gently
heated to 65°C until it became a clear solution. The solution was then treated with 1
equivalent of citric acid (as' a solution in water), heated at 90°C for one hour and

slowly cooled down to 5°C overnight to facilitate crystallisation. The crystals thus

- formed were then isolated by filtration.

41. 60. 5.

the rel at
5
10
15
20
25
30

[0083]) Example 4 Thermal gravimetric analysis and differential scanning
Calorimetry ,

[0094] The samples of both hydrochloride (comparative) and citrate salts were
subjected to thermal gravimetric analysis and differential scanning calorimetry under
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.

[0095] A nitrogen purge of 50 mimin' 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
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 ml.min' was maintained over the sample. The
instrument contro! and data analysis software was STARe v9.01.
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of the diffractions can vary dependi ng upon a nunber of factors such as
the nmethod of the sanple preparation and the type of instrunent used. In
addition in certain instances sone 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 conpound (1) with an appropriate form of
citric acid in an appropriate sol vent and recovering fromthe reaction

m xture t r |tant salt after crystallisation, 0
evaporatigﬁngéﬁ %3] The reaction to formthe salt ﬁéﬁa%@% QM ed out in
any non-interfering solvent, or m xtung of solvents, in which the free

base has appropriate sol ubi I ity. Exanples of sui t’abl e solvents of this
type i ncl USR] ol Ushdata werneaiojehtert on anl Airstruaiests. Q50T GA, cmmépeed withcal | y

| .
el bvat e 1 oo Ab-Smppf HCRsHich s @9pBRRNE BRILYE ifRd ERinAL
WO 2010/ 0689r8elPCT} m@@@ammmeam sarople wadr Ioiadﬂdamtotmpref-tamd fatderm S
i ssol ved dibilhcdO LY Afiud! p8c SRR Wal AlidPa 0% BodOtBpient

enbodi nment s se IS disso ved I'n
t enper at urtemperaam@d@ 300T;. 3\ poged pmeatt 6@ nilmee’ basenmmunbee:mdmesol ved

LUt ooy oPRalifid. A ighinih bty BRIRS Wb BRETIAINBERe 3 & pif R el
typi cal | y were anaised @Slngadimwewédt\naéysm gﬁdﬂchlmtmtatwedy,eaienvahtenta/emr a
sl i ght stqi, %Htéﬁ“?)ﬁr Meﬁié?%?ausﬁf’,&' %%u@gga Wi 94 )P%)gﬁor?%{ﬂ%tsﬁgu rocess

then typica y|nvo VES stirring on m Idi ti on
t enper at urTéleflmternqmmedemﬁeratune()cailbmted udingowrtifidoyindiow! iTypicalfy 5-B@ nigeact i on

m xture, t t e

Crystall | SERUEERRAELAL feRey Bt e SRR AR C S fat FRed B0 e
the cryst dI0C.miy" fiemjasahientdemparaturg tor 3007 GnPalmt!IOghﬂl rengeusti Sogmhmintfabasmeans i n
the art. ] S t vi des

t he use of tﬁemgg Wéﬂh?%gﬁ@%r nﬁ{eéﬁﬁlg{t)n |nc%ﬁg°|t%§g§g anaﬂ(g?@% ?’le]%a%atl ve

di sor der s.STARe Y40 huThe resuits dhihe seenhagshewy i e fipwres aseussed ebeyeounds of
this type and the disorders that may be treated thereby are as discl osed
in PCT1S&20061000352. 20 [0086] Tice present invention will now be

descri bed (0997 rmemie &X-Ray Piftrastion aadlysisnon-1 i i ti ng exanpl es.

Hydr ochl orjpgiss] san+ﬁessa+ﬁ;s|@s R &R BFdrBshIGHARC Eb%ﬁﬁ)gra%pé)vﬁncf ROSRR! ﬁ,&}

exanpl es-and analy i n an anal ogous nanner. g;@]a
For mat i on S§Piegied tPWFM@Pﬂ"%“rtPBéO QQ‘PE’“'BF thenshasenteristic %531 él@'apﬁwnexanpl e)

[0088] Therhe conditions used were as follows: X-Ray Powder lefractlon patterns were
freebasell- ﬁé%}/rrol I di n- 1 di oxa-5,7,26-triaza-

tetracycl &P Q" 2 SeErpgnsi Oﬁﬂf]’ﬁgé‘%‘ﬁ@bgﬁ"@.@?ﬂsa r?(*'EB‘)“ @OV 31018 27) , 16,
21, 23- e nejpniomderti GeathueR ioh vlzo:halrfar PERAVIRY BslitsD T  UgtBbhifeO sb&drlgdyy and

treated with act ted carho s filtered hot throuhapad
of celite "B &E’ﬂ‘?g A et q'df'%?‘lﬂ“ Hﬁ‘&d\é\g“ﬂ?"f ﬁepqﬁorm@rweechﬁﬁ%e added

met hanol i askhigla eattifiedGorondunistandsas (NiSTroge). at 10- 15 C for 2-3 hours. The
slurry was cooled to 5-10C, filtered, washed with heptane and dried in a
vacuum oven at 40-45C to afford

11- ( 2- pyr ri0099)i Mrhbight ebfidiigne 14, 19- di oxa-5, 7, 26-tri aza- tetracycl o[ 19. 3 1.

a3 ot 58 e BT AR s RS, S PR

For mat i on spkcitiens asiag Saivtier[a&(r@ﬂa]lveﬁo Appoxinately 38 nmgof the QzQﬁpIérWels hekitBs

suspended HE or.tol ue at ed C until
it becane & }é%l jirpgsaog%vt'tyo%t 'rfﬁ?lémg%\ gt IZ%'%? Rﬂgggrggq(ﬂ@d% P@%ﬂ"ed’a Mt ﬁﬁT
equi val entsaofpla:was rotated indis dvegtlare diring 5Galysis. Dedétailsrof drcdata ealeytiorool ed
down to 5(; vernight to facilitate crystallisation. The crystals thus
formed were then i.solated by filtration. [0091] Exanple 3 Formation of
Citrateo Salt 10ﬁ{nQOI@12ﬂan§Hr‘éaoulﬁd2& (50 ng, 0.106 nmmol) was suspended in
TI-1F (2n), %t%ng%é éed to 65C until it becane a clear solution.
The sol ution was trea ed with 1 equivalent of citric acid (as a
solution in wat @ro)lectheamd4atst®dc for one hour and slowy cooled down to
5C overnight to facilitate crystallisation. The crystals thus fornmed were
then isolated by filtration.



15 [0093] Exanple 4 Thermal gravinetric analysis and differential scanning
Calorimetry [0094] The sanples of both hydrochl oride (conparative) and
citrate salts were subjected to thernmal gravinetric anal ysis and
differential scanning calorimetry under 20 the follow ng conditions. DSC
data were collected on a TA Instrunents QRO000 equi pped with a 50 position
aut o-sanpler. The instrunent was calibrated for energy and tenperature
cali bratlon u3| ng certified indium Typically 0.5-3 ch.sanple, in
a pin-hol e¥ f?‘%ﬁ tlum pan, was heated at 10C. nirl1 fF‘g'F‘r?‘ti%‘ﬁ%?%’%?oc 25

[ 0095] A ni trogen purge of 50 m .m nlpwas mai ntai ned over the sanple. The
i nstrunment control software was Thernmal Advantage v4.6.6 and the data were
anal ysed (8101} Bitemativehi, XaRay ?gwéenMJff@AttorAbaltﬂrrrrmWBmwect%@ndaaBmkmere

col l ected r t npl er.
The instr tf?r{e?snpzv\'\ﬁébgg CI"@§8% ﬁ%%%or g?g&l }é%qrclﬁaemtc’ffil Q)rkg?a'lr)e Sla§§%%é8f| fied

i ndi um TypiZ atage, (asér Fideg micr@oopmddr awtoskmplei nos;hqnlng- and edHigtam2-ni um
pan, was f

m.mn vvarsyﬁﬁ%{fsn n%l ﬁeg%oéﬁéér?&t h)é?d? ﬁ? E8ﬁ§9f&;lg{§r é? gcon b‘g%?éﬁdordat a
anal ysiss s:oﬂmlmmmmnl&Te\Ewhm@toOQfOBWZGmGM%WBG@WWﬁ@B 18
[0096] T e 0 ped with
a 16 pos%fzgﬂ&gn gl%an ﬁ@% s i’e r%éﬁe me@%%’p’ﬁ‘at ure E%ﬁﬁﬁé‘%t

usi ng cer tscém mdmwmrﬂmpldvpplmﬁlla %r@leedﬁgcbfdeaohe shahtre which divesdad onto a
pre-tared Y, _and, al at

10C mril e?l?gﬁr%eanbl g#[']as?%errper at’ u y%’[%%"x ?%gee\ggésl?png%%

m . mn-1 wasbean fardi2dedcander t he sarrpl e. The i nstrunent contr ol softvvare
was Thgrmal Advantage v4.6.6 and the data were anal ysed usi ng Uni versal
Anal ysi's v4.3A. Alternatively, TGA data were collected on a Mettler

TGA/ SDTA $8102] e§ainpies duminder ambienpensiditioon watet prepatat he fiat plate sperimensnent  was
t enper at ur, 0 of
omper A inG o %@%clé%ﬁ'%tﬁ&fté’nﬁ&uﬁ%hégﬂlo%d ately PGl b ing 3ol

heat ed at ligiotey, prepped quraﬂiﬂ%ﬁﬁilﬂemoht%lﬁ’@e'laé@uﬁa@eto 300C. A nitrogen pur ge at
50 m.m nl was nai ntai ned over the sanple. The instrunent control and data
anal ysis software was STARe v9.01. The results of the scans are shown in
the filur @10 sNeynmpigntaanditions] 0097] Exanple 5 X-Ray Diffraction

anal ysi s [iagids Fm\eur%ﬂm&%n%erﬁ%hdth&w wefl Ablsted (o‘ﬁoéngﬁl[:éﬁ Loafer \Jﬁfﬁd

citrate salts were subjected to X-ray diffraction to determ ne the
char act er iNégi-eongusting GPH"P?LHE‘H offepseialenwayhigeg diad dhsthesarpropsiele as

foll ows: XefparakpeveetaDid: trrﬁﬁ‘“ 208 sRBédqRERS NEY %o@ﬁérhﬁ%l R A AinekeRNENS
D5000 di ffractoneter usi RI%Q/MI Ka, radiation (40kV, ), 8- 20 0

goni onet erP® 95?9@53@9“%'06 a8t receiving slits, a graphite secondary
nonochgomat or and a scintillation counter. The instrunent is performance

checked u i fi Corundum s dar T 1976 009 Anbi ent
condi t i onibﬁg‘l[aﬁ%@{" P‘étéo"r'?ﬁflte[fﬁdft‘é’F q?nﬂﬂ@l%t aﬁ%rﬂﬁ‘? t"h%}"ﬁ% e'] 'g¥&Spar ed as
flat pl at @lisspesidateseusi ng powder as recei ved. Approximately 35 ng of the
sanple was gently packed into a cavity cut into polished, zero-background
(510) silicon wafer. The sanple was rotated in its own plane during

anal ysi s. [UM]dEkahb!e derhblwIaMemhn‘eac-téyonlfﬁmﬂiorBO Angul ar range: 2 to

42 ' 20_St on t t -1, .

2010/ o%sslgg@/%@ ?B ‘%’f‘a 9 %ﬂf th tsé?“ﬁk?ﬁ efﬁg,c?fsetw“@%@mre

Di f fracti dempeatiee Xsraywdiffeactioh Wasbmuiemnuia Buskibe sAKSvER sCAIBY under X- .
diffracto €f e USI N K diation,(4 ut omat ed XYZ st age,
aser i 48 AEpaloRrtpaR B RLER D iR e AR S pede

di mensi onaletaimireedd eTie tesults Xf eagh opthecsas aed srio.wrom the Signgdsedissabsdd
rrultilayer r&léror coupled with a pinhole coll'imtor of 0.3 nm The beam

di vergence I-e. the effective size of the X-ray beam on the .sanple, was
approxsmmately 4 mm A 0-0 continuous scan node was enployed with a sanple

- detector t | 3 S aéd{ ve 20 ran f 3.2

a0 7 Ty e et Shar R Bt nakuied B bR IR etier AR s 120

seconds. 1®nstrued 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.



[0102] Sanpl es run under anbient conditions were prepared as flat plate
speci nens usi ng powder as received w thout grinding. Approximtely 1-2 ny
of the sanple was lightly pressed on a glass slide to obtain a flat
surface. 15 [0103] Non-anbi ent conditions Sanples run under non-anbi ent
conditions were nmounted on a silicon wafer w th heat-conducting conpound.
The sanple was then heated to the appropriate tenperature at ca. 10C. mn-1
and subsequent|ly held isothermally for ca 2 mnutes a collection
was initi g?@&?wéﬁmflmm] The X-ray diffraction patt eE 12&?2@(}9%?%@ citrate
salts are shown in the figures discussged above. [0105] Exanple 6 Variable
tenperature X-ray Diffraction 25[0106] In order to probe the stability of
t he sanpl ¥hatisclaimedis:at e salt.s 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

det er mi nedl. Thé& retatet ssalf eficH 1a@- Ryfrelidit-Arybethoxy) JUd@nlioxa-8, he6-tiagar es

di scussed I, descri bed
i thie | oty Bored 4R e P Sp Rk 120 2060 S brioiERA 3P T ous

equi valsentdecaegn®. nodi fi cati ons nmay be nade without departing fromthe
essence and scope of this invention, and it is understood that such

equi val ent enbodi nents are part of this invention. WO

2010/ 068181 PCTASa 00030l Whereinithe shlbiswadtallise. 1. A citrate salt of
11-(2-pyrrolidin-1-yl-ethoxy)-14, 19-di oxa-5,7, 26-tri azatetracycl op
9.3.1.1(2,6). 1(8,12) Theptacosa-1(25), 2(26), 3,5, 8,10, 12(27), 16, 21, 23- s
decaene. 3.2. A sshhccondn@todilaiop t or 2whémninthesalt ietthe t:healsal t is crystalline.
3. Asglt according to claim1l or 2 wherein the salt is the 1.1 salt. 10
4. A salt according to any one of clains 1 to 3 which shows on X-ray
diffracti dh a pealk aseerding toanyeene ofcdgines 4tto 22vhich Hhows on X-Gy diffraction a

accordi ng ws on X-ray diffraction peaks on the ts
2t het a scap}egkgbm&?@e&%bﬁggﬁiép%g@ 6. A salt according to any one of
claims 1 to 5 which shows on X-ray diffraction at |east four peaks on the
2theta sca e sgl PSR i

14. 20. 5, N sgma%ra'ﬁ@m SR, 84 5 JGN ol SRy ArBChgn peplls R e ng to
clai m & withata serimal B %0.529ndi15.77i on at | east 6 peaks on the 2theta
scal e selected fromthe group consisting of 7 80 5, 10.20.5, 14.20.5,
15.70.5, -16.80.5, 21.40.5, and 22.40.5. 25 8. A salt according to claim®6
whi ch’ shos onA%alt gcoming foznyiane qiéa@sMPPw@'CQtSheV%O@Kamed@facnorset 5,
10.20. 5, 1ast@oup pedie diPthe 2tHdia 86ale seiddted Grom theflowdlechBisng of 7.8°£0.5°,

10.2°10.5°,14.2°10.5°, 15.7°£0.5°, 16.8°10.5°,21.4°+0.5°, and 22.4°+0.5°.

20 |
7. A sait 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°+0.5°,
14.2°£0.5°,15.7°£0.5°, 16.8°10.5°, 21.4°+0.5°, 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°+0.56°, 14.2°20.5°, 15.7°£0.5°, 16.8°+0.5°, 21.4°1+0.5°,
and 22.4°+0.5°,

9. A sait according to claim 8 which also 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°10.5°, 25.8°+0.5°, and
27.5°+0.5°.

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



9. A salt according to claim8 which also shows on X-ray diffraction peaks
on the 302t heta scale at 10.90.50, 17.100.50, 23.30.5, 25.10.5, 25.80.5,
and 27.50.5. WD 2010/ 068181PCT/ SG2009/ 000473 21 24.20.5, 26.20.5,
26.90.5, 28.70.5, 29.30.5, 31.000.5, 32.40.5, 37.30.5, 38.60.5, 39.90.5
and 41.60.5. 11. A pharnaceutical conposition conprising a salt according
to any one of clains 51 to 10. 12. A nethod of treating or preventing a
proliferat] i sQrder conprising adm nistration of r jcally
effective {A’ ﬁﬁ%ﬁgsdél a salt according to any one of c?‘él’g@ﬂ%%?@%lo to a
patient in need thereof. 13. A nethodjaccording to claim 12 wherein the
proliferative disorder is cancer. 14. Use of a salt according to any one
of cl ai s 284.2°90.80 261214R4H°t p@atydhtt 2617°#0.9% H9.3°e0.4t,i e0d)Sor s24°+0B5. A use
accordi ng oCh i ereip, fhe prallfegati ve di sorder. is cancer. 16.
Use of a S?Z?%Jé?cg?#ﬁ‘g@ré’ﬁﬁniy&%n 0 ‘éc'rtg'l%ms Ito 10 in the manufacture of
a medi cament for the treatment of a proliferative disorder. 17. A use
according 0 chhMrhelfS SimpdshionRbMbldifg 85hY Socdhfl 3y bfe SROGSS

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 to 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

proliferative disorder. '
15

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

16. Use of a salt according to 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 18 wherein the proliferative disorder is cancer.



