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PREPARATION OF HYDRATED POLYMORPHS OF
4-AMINO-5-FLUORO-3-{6-(4-METHYLPIPERAZIN-1-YL)-1 H-
BENZIMIDAZOL-2-YL]-IH-QUINOLIN-2-ONE LACTIC ACID SALT

FIFLD

{ 9001 i Ih@m‘esem taé’hndigg_y-;:iefiat s to a methods of preparing anhvdrous and hydrated
poiymorphs of 4d-amino-3-fluoro-3-{6~(d-methvipiperazin- 1 -yl )- L H-benzimidazol-2~vi |-

TH-gaunobin-2-one lactic acid salt.

{0002} The tollowing description is provided to assist the understanding of the reader.
Noue of the information provided or references cited herem are adnutted to be prior art to the

present technology.

| RS 4-Amino-S-foro-2 43[’6-*;(s4~i¢neth}i-pifpﬂr'aziml «r-{}*'fl}-éf { H-benzimidazol-2-yl}-1H-

quinolin-2-one has the structure shown i Formula 1

mm;f Fhu ﬁmnp-amnd of Formula | i‘nﬁibil‘-s. vartous pr ﬁi’i???i'ﬂ 'kiinﬂ%ﬂ 5, ‘*uth a8 ff%**"’--‘*@ﬁiml

seful for inhibiting angiogenssis and treating cancers such as multipie nmyveloma (MM}, acute
.11@%@1;;3@1&11&}1;1-5 teukemia (AML), prostate cancer, breast cancer, renal cancer, ;L’ié]f}ﬂ ‘cancer, and

melanoma. Use and preparation of this compound and iis salts, includi ng the monoe-lactic acid
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wos, 5,605,617, 6,774,237, 7,335,774, and 7470.709, and in
LS. Patent Application Serial Nos. /982,757, 10/982.543, and 10/706.,328, and in the
published PCT ap,p1,fi_sc;atji0ﬁ.s; WOZ006/127926, published on November 30, 2006 and

.

WOZ009 115562 published on September 247, 2009, cach of which is incorporated herein by

reference in s entirety.

JLE AT The monolactate salt of the 'i‘::@,fl’ii?milflz.& of Formaula { exists in a variety of
polymorphs, including, e.g., the monohydrate Form B and the anhydrous Form [ Polymorphs
oceur where the same cs';}fmism‘aiti@n of matf-:.r{mciudmg its fjs‘i}*‘ﬁﬁfﬂtﬁs7~3:Iid solvate m} w%iaillm% 1 a4
different lattice arrangement resulting in different thermodynamic and physical properties

i

specific to the particular ervstalline form. Because physical properties of zmi}?}mnphg can vary

E Y

markedly and may affect the biological properties of a drug (e g.. bioavailability), it is important
1o be able {o reliably produce a drug such as the compound of Formulda I with iittle or no
contamination by other polymorphs. The amm of the present invention is to provide such a

methyipiperazin-1-v- 1 H-benzimidazol-2-vi]- | H-quinelin-2<one.

SUMMARY

[REEHY ‘The present technology s directed to wmethods of preparing anhydrous and
hydrated polymorphs of the lactic acid salt of 4-amino-5-fluoro-3-[6-(4-methylpiperazin-1-vl}-

| H-benzimidazol-2-vil-1H-quinohn-2-one.  Thus, in one aspect there are provided methods of

making Form B, a monohydrate crvstalline form of a tactic acid salt of a compound of Formula I,
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COHY 1{3]*; a.,; 11\3 h ¢t 1]‘15_;'; 4 Gu pensmnof ﬂ'lﬂ 110'{3 hasa Ofthti COHI}'} Qu’ﬂd 1 G{ immuiai ﬁfld lﬁL’[lC ciCld
or of a polymorph of a lactic acid sal of compound of Formula 1, or of a mixiure of polymorphs
of a lactic acid salt of compound of Formula L, in a solution c;gaz}}_;;j'rié‘;i-xfl.g_ at least 2 solvents. said
solution having a water activity of about 0.3 to about 0.6 for example a solution of about 8
-weight percent { '%&’t??éfi} to about 16 wi% water in eﬂmn@l for example 9 wi% to about 15 w 1o,
10 wit¥s to about 15 w 1%, g 10wt to about 14 wits, cg. 10 wi% to about 13 wit%, or
e.g. 12 wi¥% to about 14 widh, ore.g. 11 wids to about 15 wi%, ez 12 wit% to about 15 ,w‘t;_‘i’e{;;, &L,
13 wi% water in ethanol at a temperature of, for example, about 20°C to 70°C, e.g. at least about,
60°C, ¢.g. 55°C, e.g 68°C, or e.g. 30°C, or e.g. about 30°C to '}’O""( e.g about 40°C 10 7 T0°C, e
about 5(}‘*{ 1o 70°C, e.g. about 35°C 1o 65°C; and isolating crystals of wubxmmmih pure form B

from the solution at a ttmpum‘iwﬁ -iﬁf; g.g. about 20°C to 70°C, e.g. at least about 30 °C . or e

- fl’;

50°C 1o 70°C | or at 35°C or at 60°C or at 65°C,

:E:i}-ﬁi;%:’?'i Within the Cope of the present invention, it has to be undersiood that the different

steps of the process althougl desc ribed individuall v can be combined tog gether.

HGGR] The formation of anhydrous and/or hvdrated forms depends strongly on the water
activity present at the formation of the salt. The water activity is defined as the product of the
water activity coefficient and the mole {raction of water in the agueous fraction. The role of the
water aCtif\:fii}t' in solid-state stability is well recoguized for ﬁ,xamplf, in Zho, H. and Grant, D1
Tat. 1. Pharm., 1996, 139, 33-43. 11 is also recognized through the solvate rule that at higher water
activity hydrates are more stable than the anhydrous form, see for example Variankaval N. et al,,

Or ganic Process Research and Development 2007, 11, 229-236.

,,,,,

LN According to the present mvention, the process comprises: heating a suspension
of the free base of the compound of formula 1 and lactic acid in a solution, for example, ¢.g. with
a water activity of about 0.3 to about (.6, which can e.g. be adjusted by, e.g2. abowt & weight

percent m*}fc,-) 10 about 16 wit% waier in ethanol, at a temperature of at least about 20°C o

l,r'b

about70 °C, ¢.g. 3 30°C to T0°C, e.g. about 40 o T0°C, el r about 30 to 70°C, e.g. 50°C; and
isolating crystals of substantially pure forn B from 1he solution at a temperature of about 20°C

to 70°C, e.g. of about ai least about 50 °C.
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LR Within the present invention, the term 'solution’ means a nuxture of at least two

selvents, for example a mixture of water and ethanol.

HHH Y A soletion used in the process according to the present invention comprises at

achueve a water activity according o the one of the present invention, said selution is used o

prepare the suspension.

(012 The term ‘suspension’ according 1o the present invention refers to the material, e.g
the free base of the compound of formula I and lactic acid or a polymuerphic form or a mixture of
polvmorphs of the lactic acid salt of compound of formula 1, being mixed in the solution as

defined above to form the suspension.

661 3] For water activities below 0.3 or above 0.6, the formation of the form B nught be

C

feasible, however the process cannot be regarded as robust as mixtures of hydrated and

anhydrated forms could appear.

{6014] The impact of the tactic acid or impurtics may alter the value of the water activity

and is not considered 1n the water activity range.

00151 In some embodiments of the methods of making Form B, the lactic acid 1s DL
lactic acid. In other embodinments, the lactic acid 1s depolymerized lactic acid. In some
embodiments, the suspension comprises about 1 to about 3 molar equivalents of lactic acid per

molar equivalent of the compound of formula 1.

[8016] In some embodiments of the methods of making Form B, the solution contains
about 12 wit¥ to about 14 wi® water in ethanol, as an example to adiust the water activiiy

conditions within the range of 0.3 to (1.6,

{887} Tt sorne embodiments of the methods of making Form B, the suspension s heated

o a temperature ranging from about 20 °C to about 70 °C, or from about 55 U to about 65 °C,

e.i the suspension is heated to a teraperature of at least about 60 °C.

£
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{0 8] ‘The methods of making Form B may further include drving the isolated crystals
of Form B, e.g., under reduced pressure. In some embodiments, the crvstals are dried at a

temperature i the range of about 30 °C to about 60 °C.

Eﬁiﬂ 91 it some embodiments of the methods of making Form B, the sSusSpension

comprises about 1.5 to about 2.5 molar equivalents of depolymenized D, L-lactic acid per molar
equivaient of the compound of formula I, the solution has a water activity of about 0.3 {0 about
0.6, ¢.g. the solution contains about 12 wi% to about 14 wi% water in ethanol; the suspension is

heated to a temperature ranging from at least about 60 °C to abeut 70 °C; and the crystals of

substantially pure Form B are isolated front the solution at a temperature 'ﬁiifi?i'ﬂ:t' teast about 60 °C.

{OU261 [t the methods of making Form B according to the present invention, the isolated

10021 I another aspect, the present technology provides methods of making Form 11, an
anhvdrous crystaliine form of a lactic acid salt of the compound of Formula I. The methods
inciude heating a suspension of a lactate salt of the compound of Formula |, other than Form [,
and lactic acid in a Ty 4 alcohol without added water at a temperature of at least about 40°C, and
isolating crystals of subst; antially pure e Form U from the solution at a temperature of at least about
30°C. In other embodiments the ¢ crystals of auhsldmmiiv pure Form H arc isolated from the
sofution at a temperature of at least about 407C or at least about 50°C. In some emibodiments,

the lactate salt of the compound of Formula [ is anhydrogs Form A or monchydrate Form B,

{322 [n some embodiments of the methods of making Form 1, the lactic acid is D,L-
lactic acid. In some embwdlmu‘sl% the amount of lactic acid rang s from ahout | to about 1.2

molar eguivatents of the compound of Formala L.

23] In one embodiment to prepare Forms B, the water activity can be adjosted with
the Cyq alcohols, e.g. methanol, ethanol, n-propanol, isopropanol, n-butanol, sec-butanol,
isobutanol, fer-butanol, or a mixture of any two or more thercof. In an lustrative embodiment,

the alcohotl 1s absolute ethanol.
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'if{mﬁ@}: In one embodiment to prepare Form 1L the SUSPENSIoN 1§ teated o & tlemperature
in the range from about 44° C to about 120° C. In another embodiment, the suspension is heated

to a temperature in the range from about 40° C (o about 70° .

3625 The methods of waking Form B may further include drving the isolated crystals
of Form 11, e.g., under reduced pressure. In some embodiments, the crystals are dried at a

temperature in the range of about 30 °C to about 60 °C.

16626} The foregomg sammary s llustrative only and is not intended to be in any way

limiting.  In addition to the illustrative aspects, embodiments, and features

further aspociy, embodi menis, and features Wi:li become apparent b}_f reference to the drmviﬁgﬂ

and the 1?‘¢3clfi.gmii;?;g detatled description.

BRIEF DESCRIFTION OF DRAWINGS

[6827] FIG. | shows an iltustrative embodiment of the FTIR spectrum of the Form B
polymorph  of  d-amino- 5-fhaoro-3-16-{4- methylpmemxmﬁi \(1 }-'IH benzimidazol-2-yi-1H-

quinclin-2-one lactic acid salt mono hvdrate.

13628 FIG. 2 shows an illustrative embodiment of the FTIR spactrum of the Form 1
polvinorph of anhvdrous 4-amino-3-fluore-3 3-{ 6~ 4-methvipiperazin- 1-vD- 1 H-benzimtdazol-2-

yl}-TH-quinolin-2-one lactic acid salt.

DETAILED DESCRIPTION

10029 The present techunology provides methods of making Form B, a monohydrate

rystalline form of the lactic acid salt of a compound of Formula I, and Form I, the anhydrous
:CI*}*’SfR“iH{? form of the lactic acid salt of a compound of Formuda |, The present m ethods r-;ss;:fiafb_l;ﬁy
produce substantially pure Form B and Form 11 p{\hmmpha. One advantage of the present
mvention is that pure or mhthtmii pure Form B can be preparcd slamnw from anv
polyvimorphic form or mixture of polvinorphs of d-amino-3-fluore-3-{6-{d-methylpiperazin-1-yl}-

{H-henzimidazol-2-yl}- HH-quinolin-2-one lactic acid salt.
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{6361 {The present methods of making Form B, a monohydrate crvstalline form of a
lactic acid salt ol a compound of Formula I, inchude heating a suspenston of the free base of the
compound of Formula 1 and lactic acid in & solation of water in sthanol. The free base of the
compound of Formula | may be prepamd i'w known methods as deseribed m, g, WO
2006/127926 (K xample 1, ste eps A-C). The compound of Formula I does not completely dissolve

i the ethanol/water solution but exists as a shurry in the present methods, Thus, the volume of
agqueous ethanol must be large enough to allow for the suspension of the -c;;-(};mp@?um-d. during
heating. While the exact amount of solvent is not critical, larger amounts such as 2-10 m} per
mmel of compeund conventently -;aiﬁll{f}w for sugpension of the compound using typical stirring
comfigurations (e.g., paddle, anchor, efc)). Smaller or larger amounts of solvent may be used so

long as the compound is kept in suspension,

190311 Commercial gade D,L-lactic acid may be used in the present methods.
Commercial grade lactic acid contains dimers, trimers and higher polvmers of lactic ackl. Form
B is a monelactate salt; the compound of Formula | does not erystallize out as a salt with the

_dimﬁ}i or hlgher pfﬁ;}im ers of the lactic acid. Thus, although not reguired. the lactic acid may be

.....

[36321] At least one molar equivalent of lactic acid per molar equivalent of the free base
of the compound of Formula [ is lv}‘;m,,allx used in the present methods. However, a molar excess
of lactic acid may be advantageous! y used. Thus, in some embodiments, the amount of factic
acid ranges form about 1 melar equivalent to about 3 molar LQU‘f\’dh"ﬂth or from about 1.5 1o
about 2.5 molar equivalents or about 2 molar equivalents per molar equivalent of the compound

of Formula 1. While not wishing to be bound by theory, the excess lactic acid is believed to

p;{):lgyff?ti{:};:‘igﬁiiigs" Or tht, dihy&:s:a&tﬁ:— or héighcr hgyd;r;aftm: Q‘f th:c; _ilﬂ;s:;tif:. ;a:a::ii.-d. s&%t Q ;{" ﬁw r::-a_:mnmusnd of



CA 02793920 2012-09-20
WO 2011/117380 PCT/EP2011/054607

Formula 1, only a 'tff.i":11.?;i:vieﬁ:'l};'f.nmmw range of water, e.g. water activity mayv de used, e.g. about 8
wi%o 1o about 16 witds water in ethanol (based on the total weight of water and gthanol). In some
embodiments, the amount of water used, e.z. in the solution, ¢.g. with ethanol, ranges from about
9 wi% to about 15 wi%, from about 10 wt?% to about 15 wi%, from about 10 wi% to about 14
wit%, from about 10 wi% to about 13 wi%%, from about 11 wit% to about 1 Swi%, from about 12

wi%s to about 135 wit's, from about 12 wi% to about 14 wt% , or 15 about 13 wi%.

{3034} In order to accurately control the amount of water present in the reaction, the
amount of adventitions water Presam in the reaction reagents and solvent must be taken into
account before the amount of added water can be determined. For example, the amount of water
i the ethanol used must be known. o simphiy matters, water-free ethanol such as absolute
cthanel may be used. Denatured ethanol {e.g., containing toluene as a denaturant} may also be
used so long as the water content 1s known and accounted for. Likewise, the lactic acid used in
the reaction can be a major source of water. Commercial grade lactic acid may contain, e.g.,
about 15 wt% waler. Depolymenzed lactic acid may contam as much as 65-07 wile waler.
Hence, when using depolvmenzed lactic acid, significantly less water must be added to the

) )

sthanol to reach the correct percentage for the reaction.

{3635] The table below provides examples of correlation between water activity in

known by the person skilled in the art, and conducted using the software agpen batch plus in the

present case.

A
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{8036

amount of water present also sigmibicantly

at reaction i-en"il;jsm‘&tums- of 30 °C and below,

804
80}

0.025|
0.05]
0075
0.1
n.125
0.15
0.175!
0.2
0.225)
0.25]
0.275]
0.3]
0.325]
0.35;
0.375]
0.4]
1.428]
0.45]
0.478]
0.5

0.525

0.55|
0.575|
.6
0.625)
.65
0.B75]
0.7]
0.725

.75

VLY
.8
0,825
0.85
0.875
0.9
0.825

0.95

.875
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- Fraction

”N‘irassi fraction of
Swater in solution

0. 881 39?8&6
0.828206396
0.778771272
0.732472968

{1.688086068
0.648372518

0.61006600

0Q.573967784

0.539892022

50773455
3.477184281
(3.448231874
0.420757363
(.384632991
0.369761700
0.346055469

0.323434284

0.301828325
0.281162137
{.261383059
O 2424&&1 28
’0-*-.3342@4544
$,206825233
0.180073818i
it} 1738706741
0.158478605]
0 1&-3%03“5?'
0.1291 93908;
0.115340254
0.101975288
0.0880738234
0.076611579
0064567042
0.052818386|
0.04 16493 13|
0.030738755]
G.0201 “’O“"?i‘-f
Q. OGQQEQ*’%W
ol

PCT/EP2011/054607

0.875629225
- 0.956157¢
0.938106225

0.9220835

0.90767425]
0.894624 15}
0.8826378]

0.87

(.8406781
(.8306807
3.8208543
0.8101108
0.79821

0. 7877076
0.7754634
(.7623418
0.74821005
0.7329385

0.7163988
0.69846525]
0.679013575]
0.6579204|
0635063251
0.61032128]
0.5835739
05547015/
0.523585425]
0.480107|
0.454148225
0. 415585
0.374320025|
(.33023565]
0.23320145]
0.2331128|
G.173858325]
0.1233273|
0.063410475}
0

1$4848Q
0.880881625 _
0.8506834

Unexpectedly, controd over the .temp crature of the reaction in :-a:tlkilfii'ﬂﬂcﬁml* with the

such as at room "%tmmf}emmm

mixtures of
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of water described above, Hence, in the prosent methods, the suspension is advantageously
hieated at a temperature of about 20°C 10 70°C, e.g. at least about 30°C, at {cast gbout 5§5°C or at
least about 60 °C. In some embodiments, the suspension is heated to a tc.,mpwatu;t. ranging from
about 50 °C to about 70 *C, or ahout 55 °C 1o about 65 “*(”‘ or about 68°C, To allow the lactate
sall to equilibrate o Form B, the suspension is heated for a suitable period of ti me, .o, about 4

to about 12 hours, about € to about 10 hours, or about 8 hours.

{8037} Surprisingly, the need for control over teraperature extends to the isolation step in
the present methods. Allowing the reaction solution to cool prior to filtration m ay lead to
precipitation of undesired polvmorphs. Thus, the methods of making Form B further include
isolating crystals of substantiaily pure Form B [rom the selution at a temperature of at least about
50 °C, at least about 59 °C, at least about 60 °C, or at least about 65 °C. The crystals of Form B

may be conveniently separated from the reaction mixture by standard methods of filtration. To

mnimize: cood E:ﬁ-g of the mixture durin g .i’fil.i;_t“aﬁ-am the filter '{'g,g? filter pd{l filter -ﬁi(*:«th,-, sintered

as i‘ihgzi reac ti.:fm._mif;;:,ﬁimie., irs,:. tﬂ]}::arj of Form ?B may also be ﬁtﬁawd b}i‘" -,;foe.z*iti-‘i-fﬁ gdtl o 'ﬁf -iﬁﬁé hf}'t

reaction mixiure.

138 Methods of making Form B may further include drying the isolated crystals of
Form B. ';i:‘Iie*df’ymg ;;rn'ay-:mkg | plcu.c at atmospheric pressure or u nder reduced pressure (L,g cata
pressure ranging from about 20 mbar 1o aboyt 200 mbar, from about 50 mbar to about 150 mbar,
or al about 100 ;m’ifs.aif}; The erystals may be dried at room temperature ot an elevated temperature
such as a temperatare ju the range of about 30 *C to about 60 °C, or from about 30 °C to about
30 °C, or at about 40 °C. Drying may be carried out for ahout 4 hours to about 24 hours, and

typically for about & hours to about 12 hours.

fB(39] it will be understood that the skilled artisan may combine or vary any of the

conditions described above to optimize the methods for the particular apphcamm at hand. For
example, in some embodiments of the present methods, the suspension comprises about 1.5 to
about 2.3 molar equivalents of depolymerized D, L-lactic acid per molar squivalent of the
compound of formula I; the solution contains about 12 wi% to about 14 wi% water in ethanol;

the suspension is heated 1o a temperature ranging from at east about 60 “C (o about 70 °C; and
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the crystals of substantially pure Form B are isolated from the solution at a temperature of at

feast about 60 °C,

{50401 The present methods of preparing Form B can provide substantially pure Form B.
By "'-’S:Lzbsitangtia?iiy' pure Form B" it is meant that the isolated crystals ¢ comprises at feast 90 wi%
Form B {1 2., 10 wi% or less of URPUIes, mmmhom material or other cn«htalhm, forms of the

compound of Formuia ). In some embodiments of the present methods, the isolated crystals

comprise at least 85 wt%. at lcast 96 wi%. at least 87 wi%s, al least 98 wi%, or at least 89 wi¥%

Form B. Iu some embodiments of the invention, pure Form B is obtained.

'{ﬁ@ﬂ'i In another aspect, the present technology pmwdm nmt?mﬁx of making F orm [, an
anhydrous erystathine form of a lactic acid salt of 3 compound of tormula 1. The methods include
heating a suspension of a lactate salt of the compound of formula T and lactic acid in a Ciy
alcohol without added water, at a temperature ¢ of at least about 307C. \m monolactate salt of
the compound of Formula 1 (other than Form 11 itself) may be used in the present methods,
incinding but not lmmited to, anhydrous Form A (WO 2006/127926, Exampie 1} or monohydrate

Form B. In the present methods, D.L-lactic acid, such a3 commercial grade D,L-lactic acid may

be used. Also, the lactic acid mayv optionally be depolymerized.

10642} Similar to the free base of the compound of Formula I in the methods of making
Form B above, the lactic acid salt of the compound of Formula 1 does not cmnp!a.ici dissolve i
the T4 alcohol but exisis as a shuwrry. Thus, the volume of €4 aleohol must be large enough to
allow for the su%sga:ns.ion of the salt during heating, but not so large as to mostly dissolve the salt.
As above. the exact amount of solvent is not critical, and larger amounts such as 2-10 mi per
mmol of mtimpﬂ?uinzd conveniently allow for suspension of the compound using typical stirring
configurations (e.g., paddle, anchor, etc.). Smaller or larger amounts of soivent may be used so

long as the compound 15 kept in su spension.

'E{}'.'EME-E *% range of amoonis Qf Ed,t,tm acid may be used 'i'n ‘thse..;tinefthnds of rmik:ing; ﬁ me- 11.

or about | to abowt 1.2 molar G{i’,‘-iiv‘:&lﬁﬁt.s ot 't‘fiﬁé-' 'C(}.ti‘;ip()u..nﬁ {)-f formula 1 iif}wwe fess ihd!’l a

11
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also be used i the present methods. Thus, in one embodiment, the amount of added lactic acid
ranges from about 0.05 to about 0.9 molar s..qma alents. In some embodiments, the amount of
added factic acid ranges from about 0.1 to about 0.5 molar equivalents or from about 0. 1 to about

(.2 equivalents,

44 In the present methods of making Form 11, the solvent is a €4 alcohol, tvpically
without added water. 'En_ some embodiments, the Cig alecohol s selected from methanol, ethanol.
'ﬁ*ﬁ?‘??'aﬁ.&h hﬂpl‘olf’alwl a-butanol, se c-butanol, 13(}buidm}l and tert-butanol.  In an illustrative
embodiment, the alcohol is absolute ethanol. While o water is preferably added to the reaction,
the akilled artisan will understand that the present methods way employ solvents contaming
small amounts of adventitious water.  In some embodiments. the total water content of the
reaction mixture is less than about 5%. In other embodiments, the total water content of the
reaction mixture is less than about 49 Ya, less than about 3%, less than about ’1‘} or less than about

L0451 fu the present methods. the suspension of the lactate salt of the compound {Jf
Formula [ and lactic acid 0 a Ui aleohol is heated to at Ieast about 40 *C, at least about 50 ¢

or at least about 60 °C. In some mnib.odinmnm, the suspension is heated to a temperature -in the
range from about 40 °C to about 120 °C. Alternatively, the suspension may be heated to a

temperature o the range from shout 490 °C to abauit 70 °C or from about 30 °C to abeut 70 “C.

mi}eﬂﬁ% To obtain the anhydrous crystalling Form I of the factate salt of the « compound ot
Formula [, the suspension is heated for a suitable time. For example, the suspension may be
heated for a period of time from about 1 to about 100 h. In seme embodi ments, the su fs:;}.emimi is
heated for a pertod of time {rom about 14 fo about 40 h, or frowm about 15 to about 25 k. To lorm
the .suspmsimi,. the reaction mixture may be stirred. The stirring speed can be adjusted to ensure

effective mixing of the reactants. T i’m% in one embodiment, the suspension is stirred at a speed
of about {00 to about 5300 rpm.  In some emboduments, the suspe ension s stirred at a speed of

about 100 to about 300 rpm, and 10 another emnbodiment, at about 200 rpm.

10047 The present methods of making Form U further include isolating crystals ot

-»«uhsmmmii y pure Form I from the solution at a temperature of at least about 30 °C. Warmer
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temperatures for the 1solation may alze be used such as at least about 40 °C.at least about 30 °C,
at least about 55 °C, at least about 60 °C, or at least about 63 °C. isolating the crystals from the
warm reachion mixture can help avoid the fonmation of undesired polymorphs, especially if the
suspension by any suitable method known in the art, such as, e.g., using filtration through a
suitable filter medium or by centrifugation. To minimize cooling of the mixture during {iltration,

the filter (e.z, filter pad, filter cloth, sintered funnel, or suction funmel with filter paper) may be

preheated to the same or a simitlar temperature as the reaction mixture.

{6048] Methods of making Form U may further include drying the isolated crystals of
Form 1. The drying may take place at atmospheric pressure or under reduced pressure {(e.g., at a
or at abeut 100 mbar). The crystals may be dried at room temperature or an elevated temperature
such as a temperature in the range of about 30 °C to about 60 °C, er from about 30 °C to about
50 °C, or at about 40 °C. Dy ng may be carried out for any suitable time period such as about |
1o about 24 hours, or from about 4 hours {o about 24 hours, and typicallv for ahout 8 hours to

about 12 hours.

{6049} The methods for preparation of Form H provided herein can result in substantially
pure Form i Bi}f‘ "substantiall v pure Form 11" it is meant that the isolated m}%tala comprisas at
feast 90 wi¥% Form H (e, 10 wi% or fess of impurities, amorphous material or other ¢rystalline
forms of the compound of Formula ). In some embodiments of the present methods, the 1solated
crystals comprise at least 95 wi%, at least 96 wit%, at least 97 witds, at least 98 wi, or at least 99
wit% Form IL In some embodim ents, the remamnder lactic acid salt of the c@l”ﬁp‘.mm& of Formula
| is present in amorphous form or one or more other 'a::;’rystaﬂii'nse forms {including solvates and
hydrates) such as Form A, 8, C, B E, F. G, H, andfor I, Amounts of different crystatline forms
of in a composition can be determined ba routine spectroscopic methods, such as Xeray powder

diffraction, DSC, and the hke,

100501 The present technology can be further illustrated by the following non-limiting

exampies.
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EXAMPLES

:mep%e i ?repamtmn {sf ‘15‘39 cwsmiﬁme man@vﬁmie fm*m m“ 4~amma~mi‘§mm»'—Hﬁ a«%a

g{mm ' A 500 mi double "ﬁaic;k@i,reacftor with -z‘izz-zt:-ﬁndﬁ:i-'}éex‘:‘iﬁ%mpefr%amre*pmhf:; nitrogen
inlet, and mechanical stirer was purged with nitrogen. The reactor was ahma‘md with 15.0 ¢ 4-
amino-5-flucro-3-{6-{4-methylpiperazin-1-vl)~- 1 H- benzimidazol-2-vi]- 1 H-quinolin-2-one as the
free base, which mayv be prepared as described in WO 2006/127926. see Example 1, steps A-C,
pp. 63-71, 20.0 g depolymerized D, L-lactic acid {Lm‘ltmnmg: 37% lactic acid, of which 92% was

monomer, and 6 3% water: prepared from 85 wi% DL~ factic acid that was stirred in 100 °C
water for 20-24 h), 160 ¢ water-free ethanol, and 12 ¢ water. The mixture was stirred vigorously
(100 rpm) to form a .hiiﬁw'fl'i%hs suspension and heated to an external temperature of 60 °C over |

h (internal temperature of 58 °C). Seed crystals of Form B {0.12 g) were added to the suspension
immediately u pon reach ing 60 °C. The suspension was stirred at this temperature for § h. The
water activity in the present example was 0.52 and this was determined using the table -tj'i'*';;}:zxgﬁ?

C ] —

on page /.

{0032} The warm suspension was then filtered through a preheated filter (65 '*C) The
filter cake was washed twice with 'r'i'ns'mgs. (EtOH/HL0, 3 92 g) from the reactor. The resulting
vellow solid was dried in a vacuum oven at 100 mbar, 40 °C for 8-12 hours to vield 13.5 2 {7 0%}
of a crystalline vellow sohd (398% pure; >98% single polyvmorph. The product matched the
analvtical profile of Form B described in Example 10 of WO2006/127926 including XRPD and
FTIR {see bﬁh}\ﬂ -

{6B53] Fxample 2: Preparation of the crystalline anhydrous form of 4-amine-S-
fluore-3-[6-{&-methvipiperazin-i-yi-1H-benzimidazol-2-yl}- 1 H-guinolin-2-one lactic acid

salt {anhydrous form ).

{ﬁ@%’?#} A jﬂﬁ(}r-mﬁl. double jacket reactor 'a;séii:h;-a. condenser, temperature -pmb@-, :ﬁﬁ:iirogcn

amino-3-fluoro-3-{ 6-{(4-methyi pip{,m.unul vi}-1H- benzimidazol-2-yli-1H - qu1x10§n1--.~-nm as the

free base, 8.2 g contentrated D, L-lactic acid {containing 839% lactic acid, and 15 % water), 160 ¢

14
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water-free toluene. The mixture was stirred vigorously (100 rpm) to form a brownish suspension
and heated (o an external temperature of 60 °C over 1 h (Intemal temperatuwe of 38 °C). Sced of
crystals of form 1l can be prepared according to WO2009/115562. Seed crystals of Form I (0.12
g) were added to the suspension immediately upon reaching 60 °C. The suspension was stirved
at this temperature for 4 . The water activity in the present exaraple is close to (), the water
activity 1s of about 0.06 and was calculated according to the table page 7 and the water fraction,

including the water contained in the D,L lactic acid concentrate, of the reactor.

[6655] The warm suspension was then filtered th muf‘fh filter. The filier cake was
washed twice with the ethanol used {o rinse the reactor, The resulting vellow solid was dried in a
vacwn oven at 100 mbar, 40 °C for §-12 hours (o vield 14.3 g (74%) of a crvstalline vellow
solid (>98% pure; >98% smgle polymorph. The pmduct matched the analytical profile of

anhydrous Form 1 deseribed in WO2009/115562, see Figure 1.

Exampie 3: Preparvation of crvsialiine anhyvdrous form 4-amino-S-fluore-3-{6-(4d-
methyipiperazin-1-y)-1H-benzimidazol-2-vl}-1 H-guinolin-2-one lactic acid salt (ashvdrous

form I

(9056 A suspension of 30. U - 4-amino-5 -flucro- m-{fa {4- Iﬂﬁill\;’lplpﬁ‘i&flllvl yl)- 1H-
hfe::s;i:f.'i?nrs?i.-daz:s:ﬁ.-?-E;E‘;e}*ﬁi}- tH-guinoli n?-mm factic acid salt prepaved as referred to in Example 1 above
and 1.0 g of 85 wi lactic acid 1n absolute ethanol (200 g) was heated to 60°C. The stirning was
continued at 60°C for 20 h at 2{;}1{}: rpm stirrer speed. The warm suspension was filtered, and the
ery stals were dried for 8 h at 40% C under vacuum {i{){} mbar}. Yield: 28 g vellowish powder {*}3
%). The product matched the ajua.i:}ftimi P rofile of Form 1 described in WO2009/1 15562

including XRPI, see Fig | ot WO2009/1 15562,

Example 4: Preparation of erystalline monohydrate form 4-amino-5-fluoro-3-{6-(4-

metiy impemﬂnwiwE}wﬁﬂﬁbmnmnddm -2-yi{-1H-quinolin-2-one lactic acid salt (Form B)
188571 A suspension of 5.0 g 4-amino-S-fluore-3-{6-{4-methvipiperazin- 1 -y} 1H-
benzimidarol-2-y i J-!anmnﬂhr 2-one lactic acid salt prepared as in Example 1 above and 3.0 g
of depolymerised lactic acid in absolute ethanol (27 g} and water (3g} was heated to 63°C. The

stirring was continued at 65°C for 20 h at 130 rpm stirrer spred. The water activity in the

present example is of about .36 and was calculated as desceribed in the former examples. The
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{1 QOmbi‘ii:if); 'Yit’i\l’d:' 415 ;{f-}v"éiﬁ§§i;);‘?-;,-’;iz.::-;fh. pm’idm{%‘% 5?9 The prmma,t matched the ami\,umi profile

Flgmv 6 of WO WO2006/127926.

Exampie 3! Preparation of the crystalliine monohydrate form of 4-amino-5-flnore-3-[6-{4-

.metiwiplpﬁmzﬁnm -y1}-1 H-benzimidazol-2- vi} iﬁﬁqmmlmvzmﬁm lactic acid salt (Form B)
from a polvimorph mixture of lactic acid salts,

wﬁﬁgi A 500 mi d.@zlihlefjf_i‘-;l-cke‘ft reactor with a ch:-'ndmse:g temperature probe, mtrogen
jnlet, and mechanical stirrer was purged with nitrogen. The reactor was charged with 30.0 g 4-
amno-3-Huoro-3-{6-{4-methyipiperazin- -y}~ L H- benzimidazol-2-vi}- | H~quinolin-2 -one
LACTIC ACID SALT (mixtwre of polymorphs or ,undesired” polymorph), 3.0 ¢ duguiwnun?ed
.ﬁ L-lactic acid {containing 3 37% lactic acid, of which 92% was monomer, and 63% w ater;
prepared trom RS Wil IlLs-lijacrti ¢ acid that was stirred in 100 °C water for 20-24 h), 165 2 water-
free ethanal, and 14 ¢ water, The mxture was stirred vigorously (100 rpm) 1o form a browmsh
suspension and heated to an extermal temperature of 60 °C over 1 h (intermal temperature of 58
(). Seed erystals of Form B (0.24 ¢) were added io the suspension immediately upon reaching
60 °C. The suspension was stirved at this temperature for § h. The water activity in the present

example is of about (.41, calculated as in the former examples.

F0059] The warm suspension was then filtered through a preheated filter (65 °C). The
filter cake was washed twice with ringings (EtOH; HaQ, 132 ¢ g} from the reactor. The resulting
yellow solid was dried in a vacuum oven at 100 mbar, 40 °C for 8-12 hours to yield 26.7 g (89%)
of a crystailine vellow solid (»98% pure; . »08% single pohmnmh The product matched the
analvtical profile of Form B described in Example 10 and/ or Figure 6 of WQ2006/127926

regarding XRPD and FTIR.

Example 6: X~Ray Powder Diffraction

{060} X-ray powder ditfrachion analysis on the Form B {monohydrate) and Form I
fanhydrous) polwnﬁmhs of 4-amine-S-fuore-3-[6-{4-methylpiper azmni-«v*} {H-benzimidazol-2-
y1}-1H-quinolin-2-one lactic acid salt was carried out using CuKo radiation. The standard error

for peak positions oained in this technigue is £0.2°0, The XRPD pattern tor Form B matched
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that shown in Figure 66 of WO 2006/127926, and the relatively prominers two-theta peaks are
presented in Table 1. The XRPD pattern for Form I matched that shown in Figure 1 of WO
2009/115562, and the refatively prominent t."»."‘sfi‘;ir—ihﬂi’;Ei,pﬁ&ki% are presented in Table 2. The fact
that the angle 2-theta values of the below table and the ones of Example 10 of WO2006/127926
can exhibit a difference of 0.7 05 0.2 i8¢ inderstood by the person skilled in the art as being within

the acceptabic variation of the performed measures.

Table |, List of Most Significant Peaks of Form B
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Example 7. FYIR
{0061 FT-IR analysis on the Form B {(monohydrate) and Form 1 (anhvdrous)
polymorphs of 4-amino-5-{luoro-3-[6-(4-methylpiperazin-1-y1)- 1 H-benzimidazol-2-y1}-1H-

quinolin-2-one lactic acid salt was carried out in nuwl hetween 2 KBr piatu.- The standard ervor
for peak positions obtained in this techmigue 18 &3 em”. FIG 1 shows a representative ¢ FT-IR
Spe;{:itmm for Form B and FI(GL 2 shows a representative FT-IR spectrum for Form I Table 3

lists characteristic absorption bands for each polymorph.

l:f

| Charaeteristic Absorotion B;més (cm ‘p

T _EF -'\m' W — '!.'W" —— mﬂﬂ "“,- ".". UL ‘“‘L"-\'\\'\.\\'\.\\'\.’L\'L\“L\\‘L\‘\\\\\\\\\\\\\ A S L L L N S N N \

.
1

narticularly in ferms of prov iding a written description, all ranges disclosed herein also
encompass any and all po«mbh sub-ranges and combinations of sub-ranges thereof ‘\m Histed
range can be casily recognized as sufficiently describing and enabling the same range being
broken down into at e aj;s.t; equal .lmiﬁfesé :zti?hirdsﬁ. qumﬂs, 'ﬁi?‘t{fhs-.? ;j{éer;tthaﬁ, eic. ﬁks fa....ns;m--£i'miting

and uppﬁizf i‘:hi;rd,- ete. As will also be understood ’m one skilled in the art all fanguage such as' up

b A

to,” “at least,” “greater than,” “less tmn > and the like include the number recited and refer o

;---n; uuuuuuuuuuuuuuuuuuuuu EWERRRRaRRR RN aw crvamavaiEaLaanan js ------ ; ..,.'“,:..,.: ------------- ;- %n--f:-: ------------------------------ " " . — ~ ——-
i[ﬂnmn¥3 1332@,338U32 752854, 1636, 1618, 1589, 1571, 1540, 1524, 1496,
' | 1464, 1412, 1362, 1278, 1255, 1238, 1223, 1170, 1139, 1119, 1059,
| 991, 970, 89S, TOR8, 759, 665, 643, 559, Sih 487, 423
Jffuﬂlii - 3524T§376;3§ﬂ5*2}24$28<4 1644, 1617 , 1385, 1520, 1464, 1411,
| 1360, 1313, 1235, 12 sxﬁ1i74?1@3@}959,95?§Sagﬁsazgﬁﬁaf?ﬁﬁ;ﬁﬁﬁg
558, 489 ;
T |
[3062) As will be understood by one skilled 1n the art, for any and all purposes,
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ranges which can be subsequently broken down into sub-ranges as discussed above. Finally, as
will be understood by one skilled in the art, a range mcludes cach mdividual member. Thus, for

example, a group having {-3 atoms refers to groups having 1, 2, or 3 atoms, S iiﬂ?iﬁﬁﬂ?’,- a Eroup

having 1-9 atoms refers to groups having 1, 2, 3. 4. or 5 atoms, and so forth.
- Fd U L5 R ,

[3863] All publications, patent ap p?i ications, 1ssued patents, and other docaments referred
to 1n this spectfication are heren incorporated by reference as if each individual publication,
patent application, issucd patent, or other document was specifically and individually indicated
tor be incorporated by reference in iis entirety. Definitions that are contained in text fiﬁiﬁfi}}}jﬁﬂfﬂf@d

by reference are excluded 1o the extent that they contradict definitions in this disclosure.

{0964} While certain embodiments have been illustrated and described, it should be
understood that changes and modifications can be made therein in accordance with ordinary skiil
in the art without departing from the present technology in 1ts broader aspects as defined in the

following claims.

19
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CLAIMS

r

WHAT IS CLAIMED 18:

-
>

A method of making Form B, a monohydrate crystalline form of a factic acid salt of a

compound of formula I,

comprising:

heating a suspenston of the free base of the compound of formula 1 and factic acid or a

formula Lin a solution at a temperature of at least 20 to 70°C wherein said solution

comprises at leat two solvents ans has a water activity of about §.3 to about {(1.6;

and

wolating crystals of substantially pure form B from the seolution at a temiperature of at
{east about 20 to 70 .

The method of claim | wheremn the lactic acid 15 1, L-lactie acid.

The method of claim | or 2 wherein the lactic acid s depolvmerized lactic acid.

The method of claim 1, 2 or 3 wherein the suspension comprises about 1 to about 3 molar



e

1.

11.

The method according to anyone of ¢claim 12, wherein the crvstal
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The method according to anyone of claims 1 to 4 wherein the solution comprises one or

more Crg alcohol

The method according to claim § wherein the C; 4 alcohol is selected from methanol,

ethanol, n-propanol, isopropanol. n-butanol, sec-butanol, isobutanol, fert-butanol, or a

The method according {o claim 6 wherein the alcohol is absolute ethanol

‘The method according to anyone of claims 1 o 7 wherein the solution contains about of

about 8 wils to about 16 wi% water m ethanol.

The method according to ¢laim 8 wherein the solution contains about 12 wi% to about 14

wi% water in ethanol.

The method according to anyone of claims 1 {o 9 wherein the suspension is heated to a

temperature ranging from about 30°C to about 70°C.

The method according to anyone of claims 1 to 10 wherein the isolation of the crystals is

performed al @ temperature of about 50°C to about 60°C,

The method according to anyvone of claims 1o 11 further comprising drving the 1solated

crystals of Form B under reduced pressure.

3 are dnied ata

temperature in the range of about 30 °C to about 60 °C.

The method of claim 1 wherein

the suspension comprises about 1.5 to about 1.5 molar equivalents of depolymenzed DL~

Tactic acyd per melar equivalent of the compound of {formuda 1;

the saspension 18 heated to a temperature ranging from at least about 60 °C to about 70

°C; and
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the crystals of substantially pure Form B are 1solated from the solution at a temperature

of at icast about 60 °C,

wi% Form B.



CA 02793920 2012-09-20

WO 2011/117380 1/1 PCT/EP2011/054607
Fig. 1
80 _ ,f ‘ﬂ\
l
P Ve | l
°0- m Yt
| |
3 b‘
s I
E 40 _ |
: |
©
=
0
20 _
H
0 - i i l I T l |
4000 3500 3000 2500 2000 1500 1000 500
Wavenumber cm-1
| 90 _
Fig.2
80 _
60 _ m#
e )
@ 50
S
E 40
N
& 30
- !
20 _
10 _ Y

| | [ | 1 I )

3500 3000 2500 2000 1500 1000 500
Wavenumber cm-1

SUBSTITUTE SHEET (RULE 26)



	Page 1 - abstract
	Page 2 - abstract
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - claims
	Page 23 - claims
	Page 24 - claims
	Page 25 - drawings

