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-1 A NOVEL CRYSTALLI NE FORM OF N-(4(2 (2-AM NO- 4,7 DYHYDRO 40XO- 3H
PYRROLQ( 2, 3-d] PYRM DIN - -YL} E f'gy1BENZOYL].irGLUTAML.C AC D AND PROCESS
TEEREFOR 5 The present invention provides an inproved cr y5049¥5t 2804 or m of
the antifqlate  conpound N [42-2(2-am no-4,7-

cti hydi 04-WOSVEI8dy nul o[ 2, 3-d] pyrimi din-5 yl |  yl | bennyl | PEIESAHOAROC  aci d,
or penet axed disodium also known as nulti antifolate or MA
(hereinafter penetrexed), as well as the process for its preparation.
Pynvl o[ 2, 3-d] pyrimi dine based antifolayes have been used for a number of
years 10 as chenot herapeutic agents i.n the treatnent of cancer. Penetrexed

.5 O, GRSk RO S0 LM A DU o

of several foBH-FYRROLORZBdIPYRINGDIN

_ TEENZOYL-ISGLRERIC
di hydrofol ate reductase andgﬂl yci nam de ri bonucl eotide fornyltearase.
Penetrexed disodiura is cur for Uewnt of 15
patients with a wde variety of solldtum)rs Sur prisingly and
unexpectedly, it has been found that penetrexed can exist in the formof

a heptah§ydrate The piesdnsmvertionecwdes smlinproved brystaling for Guhe MntifoRMN 25

hydrate. One |chthe heptahydrate is forned, is when the

pr oduct |s maﬁiﬁw W&Hﬁ)‘&ﬁ"l”é" Hpyeelof?. 3-dlpydmidotSrent, such as
acet one. ]qdym abid E"{}Iﬁfé&ﬂ@'%ﬁ t m over
the 2.5 hydrate cryst ormis W respectﬁ’f'%‘gg*“Mntent

The hﬁpt ?hy!liltdblaw m&@mmmweﬁ),mw&ﬂmﬂﬁw{gt{mmﬂﬁﬁ.
growth of relate nhance st abi |tymae|t
easier to pr eparwﬂéﬁﬁw MFE&%F‘ S@E‘E %R’c’a!‘

(API) ap0l Was thegwtipfipeitiCagestd ﬂeﬁﬁzflﬁ of 38 Pk’eﬂb&'ﬁcd &l Y of t he
present invention is that t he hept ahydrate Z%écrysta I ne ?'gémls what
crystal | i zeBYH¢ %MmmwbeﬁﬁmvmmChmgdevdmmmW i's

dri ed. V%enﬂhgﬁamat S e el evated t tyres, |ow
humidity, andror vacudme t@%‘% t’?fg“tﬁg“mz Fﬂ%ﬁ@ﬁ% form by
| oss of wat tymidine ey, Al oﬁfer&!dc%e&idgl?ﬁhﬁﬂi%%ﬂﬂkleouﬂéocedure s

that them are no known conditions that successfully move ethanol or

i sopropyl afereyiansiemse. | Prmetpged-disadim isomureatly in cliidebsialsfortatatment oe pri or
at mteigetmﬁma{gmwﬁw%h&med by Barnett, et al., first
Surprisingly and unexpectedly, it has been found that pemetrexed can exist in the
form of a heptahydrate which is much more stable than the previously known 2.5 hydrate.
One method by which the heptahydrate is formed, is when the product is recrystallized
from 2 volatile, water miscible solvent, such as acetone. The primary advantage of the
20 hcptahydmecrysmlﬁmfomommeZShydratemym]fomismbiﬁtywiﬂ:mspeam
solvent content. The heptahydrate crystalline form is also mare stable with respect to
growth of related substances. 'Iheseenhmcemmtaofstabilitymakeit:asiermpmpam
the final formulation of the active pharmaceutical ingredient (APT) and will extend the
shelf life of the APL Thus, the discovery of the present invention is that the heptahydrate
25  crystalline form is what crystallizes from water/acetone. The key to isolating it is in how
itis dricd. When the heptahydrate is subjected to elevated temperatures, low humidity,
and/or vacuum, it converts to the 2.5 hydrate crystal form by loss of water. A
disadvantage of prior art waterfethanol procedure is that there are no known conditions
that successfully remove ethanol or isopropyl alcohol from the wetcake without also
30  losing water. The pricr art water/ethanol procedure, as discussed by Bamett, et al., first



11 August 2004 WD 01/62760 PCTIUSO /01229 -2 produces the 7.0 ethanol ate
and then this is converted to the 2.5 hydrate upon evaporation of the

et hanol . However, in the present invention, one is enabl é4AH8ustélBde t he
vol atil e, wcmumstrri sci bl e solvent while preserving the oripgirigbinei1229

hept ahydrate crystal form This process has been denonstrated in the pil ot
pl ant, as described below. 5 U S. Patents 5,416, 211, 5, 344,932 and
5,539,113 di scl ose processes for preparing certain substituted

pynol o[ 2, 3-d] pyri m dine based antifolate-derivatives, including
perretrexed . A nunber of pyrrolo[2,3-d]pyrim d ne based antifolates,

i ncl udi ng hmémsslw&methamm@andﬂmﬂﬁmmmwﬂmm Bﬁlﬁatcuponevaporanon

5,106, 974-, 4 9 5,.106,974. 10.1n a first aspect of the present

i nvention th ?‘Smb‘ﬁb%"&' WE?MW@%@ PBFH’\@ Fi edifagsmoye the volatifey (-
ami no-4, 7- dlhﬂﬂfﬁ:s&xbﬁ&(&iv%ﬂtﬁ € fieSbcdin cﬁ%ﬁ Hoftahyite

yl) et hyI ] benzoyl ] - gI utam cﬁgc d sal ?u?ﬂ tahydrdt e cFVgt afan'n(?'*sor ')
having a chpxpesss bed demmmmqnbtplmpasdambadmm conpri ses the

at 25228 Gnd at URbrBREA Al B B#ﬁglﬁﬁg’gﬁ%&s&“&”ﬁéﬂgﬂﬁd
source. |n acepdinGbstities pimel I\F ?es cﬂgﬁ\él ded a
4-12- ( 2- amno47d|hyro4oxo

conmpound which is di SOdI um

pyr rol of 2, 3- RemsEpkedyi A numberof pyerolpf2,8-dipysipiiting bgéedtantifolaics, hmlmhiydr ate. One

enbodi nent @uaﬁlﬁk ! e 1, dlat stal line

form for t manu%ﬁ{eure cﬁ"rﬁ %?@%@Wﬁﬁgﬁgﬁg“%éé ncer. 20
In a third a51869740f the present invention there is provided a process for
preparin a nedi canent conprising conbining the heptahydrate crystalline

f ﬁr min aque’ousa fiSQdspict @.m?e PrBseft 15%&&1{%8&@@&6“&#}@@&&%&%% mrmidﬂvlent ion,
there iIs pr €ess preparati of a pharnmaceutica
fornul ati on 18? ygé%ﬁfﬂp‘{nﬂ ﬁ'éd‘%@(iﬁﬁ%ﬁa W”qua%r%f Fll)mﬁ“mgi“‘ -

yhethyllbenzoyl}-L-glutamic acid salt (“heptahydrate crystalline form™), having a

characteristic X-ray diffraction pattern, which comprises the following peaks corresponding
to d spacing: 7.78 -+/-0.04 A when obtained at 22+2 °C and at ambient % relative humidity

15 using a copper radiation source.

In a second aspect of the present invention, there is provided a compound which is
disodium N-[4-[2-(2-amino-4,7-dihydro-4-oxo-3H-pyrrolo[2,3-d]-pyrimidin-
Sylethyl]benzoyl]-L-glutamate, heptahydrate.

One embodiment may relate to a method of use of the heptahydrate crystalline form
for the manufacture of a medicament for the treatment of cancer.

20 In a third aspect of the present invention there is provided = a process for preparing
a medicament comprising combining the heptahydrate crystalline form in an aqueous |
solution.

In a fourth aspect of the present invention, there is provided a process for the
preparation of a pharmaceutical formulation of disodium N-[4-[2-(2-amino-4,7-dihydro-4-

25 ox0-3H-pyrrolof2,3-d]-pyrimidin-5yl)ethyl Jbenzoyl]-L-glutamate, which comprises bringing
disodium N—[4-[2-(2-amino-4,7—dihydro-4-oxo-3H-pyrr010[2,3-d] -pyrimidin- -
Syl)ethyl]benzoyl]-L-glutamate heptahydrate into association with a pharmaceutically

acceptable carrier.

30



25 oxo- 3Hpyrrol o[ 2, 3-d] - pyri m di n-5yl ) et hyl ] benzoyl ]-L-gl utamate, which
conprises bringing disodium

N-[ 4- [ 2- ( 2- ani no- 4, 7- di hydr o- 4- oxo- 3H pyrrol o[ 2, 3-d] pyr § h{*4gypt 2004

5yl ) et hyl ] benzoyl ] -L-gl utanmate heptahydrate into association with a
pharmaceutically acceptable carrier._30 11 August 2004 -2a Anot her

enbodi nent may be a fornul ation corrpr'iz%‘i ng the heptahydrate crystalline
formin association with a pharmaceutically acceptable carrier. Still

anot her enbodi rrené rr%¥ Lﬁgll ate to rocess faor the preparation of the
hept ahydrate CPYAF&PPReRt JabE A efiop comppisipg thepsptahydigtesbialing

N-[ 4- [ 2- ( Brahii feocthtidn Gith Y ghdmiceqtidatl B itceptable carrier.

pyrrol o 2, 3- QLF’%}’“ m df'qu‘}l-, 5-yl)ethyl ] benzoyl]-L-glutam c acid salt from an
appropriate 5% embqdimert iy prlddgioadrocgss fonihe pipratatinr of the Bspayd2Eher e i s
provi ded amstallitid foinecdbprivig Wivaallibing dis6dhivh N-RL[D Y2 Bkl Agi-N8yddl 8ké-gll- and a

conposition r.ising.t hydrate crystalline formcontained within
sai d pac k%’&foﬁog%"y‘?r&flfn@\?\ﬂg‘ﬁ@ﬁ]ﬁe‘égﬁ’lﬁi@} qPfi 3alt from 40 apgropFtect i ve in the

t r eat ment sobfencancer and a | abel which indicates that said crystalline salt

can be used in_t treatnent of .cancer, In a sjxth aspect of the present
i nventi on, thglf‘é'f AP ot s Presert dmysBiTdhare S &“?’F’fdef’ﬁ@@’ifﬁcg‘fe aspect for

t he manuf amiprisiag pickagingEditeddreimt a dofiposiliéh dohPatiAEME heftalg @B fystallitle @ Sevent h

aspect of _.the present .invention, there s prayided a process faor preparing

the hept AR FAlac et PId Ragkegipe pgteriph phere spid epsiaine Rl desspiivean he

E:rzy?tzal | !tzéang]fendbﬁﬁﬁh. h'egﬁﬁdl‘tflﬁﬁbl whiézlll_ﬁndicates tlhat[sgid é:rygﬁalline salt cau(lj be usgd ijz-l)the hyl 1b |
- (2-ani no- 4, 7-di r o- 4- 0X0- rrol o[ 2, 3-d] - pyri mi di n- et enzo

]-L-glut atﬁ?agnéng%fidc n"}é{"él t froma so%ti on conpri si % di sodi umy y y

N-[ 4-[ 2- ( 2- am Ma-skitasgedytibOprdscaki@vention, there is provided a compound as defined in

pyrrol o[ 2 3-dL- ri.m.di n- 5yl )et hyl ] henzoyl]-L-glutam c acid, water, and a

wat er m s&f BTS_ asﬁé&?‘\?é‘}ﬁ@ﬁ“&%a‘{lﬁr g Q‘P%‘“’xf Sheqreptmert A EIGeH um

N-[ 4- I[ Zi (2- a(rjn Bﬁ@-ségeﬁt:lﬁ_b;ﬁb}tdff@hs%r&mlﬁﬁ%ldnﬁon, tlhere is prlovided a process, f&r preplan'ng th hum d
.pyrrol o[ 2, 3: P}fﬁl rimdn-5yl etﬁ% enzo -L-glutam.c acid salt wt um

nitrogen. Pge S%E‘Fa ?“’d%ﬁmd&bhﬁ 24"6@ Whﬁ% F]Pﬂg’eieﬁ/ﬁ??gﬁm@% isadium N-[4-
[2-(2-amino-4,7-dihydro-4-oxo-3H-pyrrolo{2,3-d]-pyrimidin-5yl)ethyljbenzoyl]-L-glutamic

acid salt from a solution comprising disodium N-{4-[2-(2-amino-4,7-dihydro-4-oxo-3H-

pyrrolo[2,3-d]-pyrimidin-5yl)ethylfbenzoyl]-L-glutamic acid, water, and a water miscible

solvent; and drying the crystalline disodium N-[4-[2-(2-amino-4,7-dihydro-4-oxo-3H-

pyrrolo[2,3-d}-pyrimidin-5yl)ethyl]benzoyl]-L-glutamic acid salt with humid nitrogen.



5 10 Yet another enbodi nent may be the heptahydrate crystalline salt of a
conpound of fornmula |I: Further enbodi nent nay rel ate to g@ for
preparing such conmpounds by recrystallizing a conpound APHE Phul a 1
froma watwoos2I6d bl e sol vent. Brief Desca 'on of the Figgivgesdipgphe | is a
representative XRD patternfor the heptahydrate crystalline salt taken
at 2512 9C and wnbient relative humdity. The conpound of formula | can
exist in tautonmenic c¢q bnium wth the _corresponding 4(3H) -oxo
conpound. For illustrative purposes, the'%quilibriun1for t he

pyuol opyrimdimring systemand the nunbm ng thereof, an shown below. OH H
1\ H 1S For conv¥nianther crtiedinipp@igy baviy haptaydraie gopialipesltioha pomenndef,  and
the con?espapgdiag. nomenclature is used thiaughout this specification
However, it is understood that such depictions include the cormsponding t
tomeric 4 hydroxy form 11 August 2004 WD 01/§23760 PCTAJS01101229 -4-.
Prefed process conditions to prepare the 0 drate crystalline form of
the present invention are as follows: 1. S a critical interaction
bet ween equi val ents of sodi um hydr oxi de d tinme during the
saponification. This is due to a slo npd&si tion off pednefr+exed in 5
sol ution at high pH The saponificati¥ ould be held to Il ess than 6
hours. 2. The pH of the cry§ 0f penetrexed is between 2.5 and
3.5. 3. At least 5 vol ungs
filtration to collect 2

Further embodiment may relate to a method for preparing such compouhds by

5 recrystallizing a compound of the formula I from a water miscible solvent.

Brief Description of the Figure
IﬁgutIisanmwnqmnbeXRDpumwnﬂwﬂwhqmmmbuucnumﬂhenﬂt
taken at 25 +2°C and ambient relative humidity.
10 |
The compound of formula I can exist in tautomeric equilibrium with the
corresponding 4(3H)-oxo compotnd. For illustrative purposes, the equilibriam for the
.pwmmngwhdﬂmcﬁmgsw@mnamddwnmmﬁmﬁngﬁwnnﬂannmownbdow:

H

15 For convenience, the 4(3H)-0xo form is depicted in formula I, and the
mxnmpmmhngnmnumnhnneunuadﬂnnuﬂhxﬁﬂnsqmwﬂkmhmmIwaewmntm
um&xmnodﬁmtmwhdqmmumsanMBﬂwcnnuqudmgumﬁmxnc44udnmyﬁxnm

1



4. Between 2 and 3 equival ent of sodium hydroxide are used to form
penet xexed. 2Na. 10 5. After the filtration, the aqueous sol ution of
pcixed. 2Na passes a qualitative test for extraneous matdfliA¥eEst2804The pH

of the crwybaedrat i on of petrexed.2Na is between 7 and 9 gﬁfpkﬁa“ 10
vol unes of acetone are used as a wash during the filtratio t Ytfec

pemrewnred2Na. 15 8. Drying with hum d nitrogen continues until acetone
renoval is conplete. Conpletion is defined as either |ess than 100 ppm of
acetone in the nitrogen that is exiting +He drier, or validation of drying
conditions. Throughout this docunent, all terrperatures are in degrees

Cel sius (C) and aPreferfexiprocess conditivhs & RBHrs ie E?ﬁ%]]mé ﬁﬁhiﬁl ke,
are in weight units, except for 20 solvents or i Xt ur es 't ereo?ﬂﬁ ich are
in vol ume unWtWF@#ﬁ”@HQMnt %relative hunidi ty, as used harm
describes a jel ﬁ‘ﬁ&w about. 20% .0 ut, 80% The

f ol | owi ng Exarrp €s um Us &?%“B'PE r?? deptemppratge, |
Prepar at i on midﬁinedldﬁg)ﬁxa dinon.%ﬁs&iub*t@ﬁslﬁﬁrd&om oal in

N[4-(' Z- no4, 7-ffi hydro4- oxo-3H pyjrmo[2,3-d}pyfmdin
Yl )ethvi] T yoiqygtbighpH ThesspeniSication @ﬂdbebcm&m&mﬁﬂnmc acid salt

ZPdoa?SGSSSc %Wﬁ’ﬂ%&é%ﬂ%.éf%fﬁﬁﬁé? R LS 8580 e of bt ween
10 and 16 voBunitdpashssohiemea bfiwetr are ubeiiala vidah dGriS the ikRion 13 calc ded.

Dilute hydrochloric,acid and dil ute .sodi um hydroxide 11 August 2004 WO
01/ 62760 Per PTRFERd220 -5 solution (if needed) are added to adjust the pH

(2pproxt mat ey sk Paod ™ QuiviEAl Ul dodjnn ol e BRI ot BerRBerifn |
col | ect e by5-f MMMWWMMWWEW@M&WM
vol unes). for extraneous materials.
6. ThcpH of the crystallization of pemetrexeds2Na is between 7 and 9.
7. Atleast 10 volumes of acetone are used as a wash during the filtration to collect
pemetrexede2Na,
15 8. Drying with humid nitrogen continues until acetone removal is complete. Completion
| is defined as either less than 100 ppm of acetone in the nitrogen that is exiting the drier, or
validation of drying conditions.
Throughout this document, all temperatures are in degrees Celsius (°C) and all
. expressions of proportion, percentage, and the like, are in weight units, except for
20  solvents or mixtures thereof which are in volume units. The terms “ambient % relative
humidity,” as used herein, describes a relative humidity range from about 20% to about
80%. The following Bxamples further illustrate the present invention.

_ Example 1
T 25 Preparation of the Heptahydrate Crystalline Form
N-[4-{22-Amino-4,7-dihydro-4-oxo-3H-pyrrolo[2,3-dlpyrimidin-5-
yl)ethyl]benzoyﬂ-lrgliutamic acid diethyl ester p-toluenesulfonic acid salt and aqueous
sodinm hydroxide {4 tb 6 equivalents) are combined and stirred at 0 to 30 °C. The
solution may be filtered. Water (to a total of between 10 and 16 volumes) and denatured
30  ethanol (5 to 8 volumes) gre added. Dilute hydrochloric acid and dilute soditm hydroxide



The penetrmaced wet cake, water (5 to 8 volunes), and sodi um hydroxide (2
to 3 equivalents) are conbined. The resulting solution if fil tgrg . Dlute
bydt ochl adc acid and dil ute sodi um hydroxi de sol ution (i? fugyRt ? re added
to adj ust ‘iﬁg gﬁg}o between 7 and 9. The solution is heated to between 40
and 60 C. I (22 to 36 volunes) is added. The m xt FEPRNEH o to
between 0 and 30 C. The heptahydrate crystalline form 10 is collected by
filtration, washed with acetone (not l|ess than 10 volunmes, may be aqueous
acetone), and dried under humd nitrogenst less than 50 C. Particle size
or chin4dgng nmay be reduced by mlling or screening. Expected yield:

greater thangRe ng@g' Lﬂﬂg W Ehﬁzia e40. 06
50% Sodi um hygﬁ‘){glbge 0 |% y %x e sdalution % g. "-%SJO #onSO%
Et hanol ( Abswdrmieé td batwes/60 °Q adirefluapprokitnately\78 OC)) Gied'cotleditd betwwdén 0 and
absolute' Z7Q L nethanol H uric acidH uric Acidl9.19 Deionized WaterPurified
Vat er wit h BOTC- Pemetrexedis pollested by filtrativn: andaveshed with et (ai loss thea 25at er
(265 L), 50% ﬁgﬂégrm hydr oxi de (22 kg, 4.5 equivalents), and N-[4-
[ 2- (2- Am no- L? -dt"hydr o- 4- oxo- 3H pyi nl o[ 2, 3-d} pydmi di r>-5-yl ) _
et hyl ] beszoyl ] L-The pegibtiixedivet odld, ﬂm@tbseﬁlmnai@bo@nmrmmas (40
kg) were conbined and stirred at between 20 and 30 C until no solids were
visi bl e. Th&dpRalents) g cambined.oFhe ssuling solitien is filtered. Dilue hydrochloric acid
: and dilute godium hydroxide golution (if needed) are added to adjust the pH to between 7
and 9. The solution is heated to between 40 and 60 °C. Acetone (22 to 36 volumes) is
addeq. ‘The mixture is cooled to between 0 and 30 °C. The heptahydrate crystalline form
10  is collected by filtration, washed with acetone (not Iess then 10 volumes, may be aqueous
acetone), and dried under humid nitrogen at less than 50 °C. Particle size or clumping

maybemdueedbymiﬂingorscmening. Bxpected yield: greater than 80%

Kmoles
Compound IV Pemetrexed Glutamate | 40kg 06
50% Sodium hydroxide Sodium hydroxide solution 440kg 22 -
solution 50% -
Ethanol (Absoclute-type 3A- Alcohol S.D. No. 3A 270L
denatured with 5% absohite
| methanol)
| Hydrochloric acid Hydrochloric Acid 19kg 19
} Deionized Water Purified Water with 1515L
Endotoxin control
Acetone ' Acetone 1880 L

15
Purified water (265 L), 50% sodium hydroxide (22 kg, 4.5 equivalents), and N-[4-
{2-(2-Amino-4,7-dihydro-4-oxo-3H-pyrrolo[2,3-dlpyrimidin-5-yl)ethyl]benzoyi}-L-
- glutamic acid diethy] ester p-toluenesulfonic acid salt (40 kg) were combined and stirred
. at between 20 and 30 °C until no solids were visible. The resulting solution was filtered.
20  Purified water (270 L) and denstured ethanol (270 L) were added. The pH was adjusted
to between 2.8 and 3.2 uging dilute hydrochloric acid (106 L. of 2N first, then 0.5 N HCI
end/or 0.5N NeOH to hit the pH (63.8 kg of 0.5°N HCI and 5.34 kg of 0.5 N NaOH were




20 Purified water (270 L) and denatured ethanol (270L)w= added. The pH was
agjusted to between 2.8 and 32 using dilute hydrochl orig gci d %88 L of 2N
first, then 0.5 N HQ and/or 0.5N NaOH to bit dw pH (63" 8ugpst -5-N HQ

and 5. 34 N NaCH were 11 August 2004 WO 01/6276 01229
-6 require (?; QLe slurry was adjusted to between 60 and %&%ﬁgﬁ;cool ed
slowy to between 20 and 25 C. Penet exed was collected by filtration,
and washed with purified water. Penmetnxed , purified water (271 L), and

50% sodi um hydroxi de (10.2 kg) were 5 gnbined at between 20 and 30 C. The
pH was adj usted to between 7.5 and 8.5 using 0.5 N HC (8 0O L were

Leaone 11 “@%ﬂa"‘%ﬁéﬂ“ﬁ?ﬁ Bk @l 02, R0 ”gﬁinﬁ Sac
perre=ed2Nabetmhtze@a¢ﬂsb& Plmitreel Vas calltedds RGatdn. Qntf’?ﬂh A%ith 5@&'6'

-acetone was rempved at |ess than 35 C using a stream [ ur at ed
nitrogen. MAhe following illustrates station a small scale Into a 500 m

Erl enneyer flas (6. 4 of [

am no-4, 7-ci | hy?%%%&%@é} ?W Wgﬁiz)wm

thyl) beﬁizoxz:hinbimehlilsa.-mv'v.rsenmre:imas@i"et i pRSWEY adfasted %ﬁ@h ﬁ%ﬁk sal t
and 72 m of NaOH. All of the solids 15 d| ssol ved I n"about nut es.
Dei oni-zed M@H@'@ Ol wergrenuired). EXteHeguiting dlimywaeadjssteitn between d5land t he
mxturewa ted to dilute HCL The slurry was heated to
65 C and t ae&é@%%"'ﬁﬁ%@ ETRRIrE W as cooled to betwesn20gad i | t er ed
and the musaccm&aﬁsmﬁwé&ﬂcm ﬁfcﬁ RN S
dissolved in 84 m of 0.5 N NaCH aRg é“’g‘d“a | us %ie‘g“ifl—o ar Uwi ng
di | ut e aci @cetgneewasgembyed ey 138 timn|35°Caningastrean 0f tvated-sdard 1 .then 400
m of ggetone were added. Crystallization began after about 250 ml has
been added. The slurry was cool ed to roomtenperature and filtered. The

sol i ds vverﬂ‘h' dnefll dcMe@ Vacuumoven at 25 C under a
slight vacuum (700 dganp air was passed through the oven

during the 2 homtoaﬁpo _bmmﬂmewmamwm%mwwnm(m ee
potency: 9 Mﬂ.vmmoxosﬂ-pmlqzs-d}pynmxdm-s-yl)emynbenzoyl}-bglutamc
acid diethyl ester p-toluenesulfonic acid salt and 72 mi of 1 N NaOH. All of the solids
15  dissolved in about 15 minutes. Deionized water (72 ml) and 3A EtOH {72 ml) were
added. The pH of the mixture was adjusted to about 3 using dilate HCL. The slurry was
heated to 65 °C and then allowed to cool to room temperature. The slurry was filtered
and the wetcake was transferred to a1 L Edenmeyer. The wetcake was dissolved in 84
| ml of 0.5 N NaOH and the pH adjusted to around 8 using dilute acid. The resulting
20 solution was warmed to 45-50 °C and then 400 ml of ecetone were added. Cryztallization
began after about 250 mi has been added. The slurry was cooled to room temperature and
filtered. The solids were washed with acetone and dried in a vacumm oven at 25 °C under
a slight vacoum (~700 mm Hg). A stream of damp air was passed through the oven
. during the 2 hour drying time. Yield = 9.38 g (97%). Volaulesfxeepotency'Dz.S%
25  Total Related Subs.: 0.20%. Water: 21.2%. The theoretical water level for the
 heptahydrate crystalline form is 21.1%. Preferably, water should be present from about
19.5 to about 22.1%.
X-ray powder diffraction analysis can be readily performed as follows. After
Eghtly grinding the sample with an agate mortar and pestle, the sample is loaded into a
. 30 sample holder for the x-ray powder diffraction measurement. The x-ray powder




25 Total Related Subs.: 0.20% Water. 21.2% The theoretical water | evel

for the heptehydrate crystalline formis 21.1% Preferaply, shoul d
be present fromabout 19.5 to about 22.1% X-ray povﬁer?ﬁﬁ%‘fsém%b&{)n

anal ysi s adily perfornmed as follows. After 1igh indi ng the
R0 gz beleBbds ™

sanple w an agate nortar and pestle, the sanple is |oa

sanpl e holder for the x-ray powder diffraction neasurenent The x-ray powder
11 August 2004 WD 01162760 PC /U501101229 -7 diffraction patterns are
measured using a Sienens D5000 x-ray popder diffiactometer equipped with
a CuKac source (ae"1.54056A) operated at 50 kV and 40 mA using a Kevex

sol i d- St at difflckiof Bédchd 4 a SibREAABSRIY ray YRRk gak

intensities for the nost pent features we measur ed Pus| ng

?OUPLSI-dg(rRD.'a. gri. wit1_. i.term?tasggfsAs ac;n s.(‘sglnk in An strorrg and has @
t§gi cal r &ﬁ%?‘ﬁmmﬂ%&w&i Ftﬁ?l@&wgﬁ intevaigti#sfczﬂnmourror
(r)fepgtragzgri n th.e TaE-i es ge| OW. ]Le ?ﬂ%o lﬁnﬁﬁkﬁ&m%ﬁ&%mre
hi nt ens¥ t i Risodinm MTAdkiydrate FormE haszerypical XRD panérh with if@sianar Bfaci effects
or cpar cd- {1 ABEAS Fad SR iicBticd o) sesbeve in Taides sad I e ewoe. of

ryst ol 1 ot bRl s 0% £; 3o ppaca ok naof il pr e wess emceionin 15 wni ch

ca ises i rtheWables belowTHeRARENWad \Chobdh dcbitrafiB) |‘H|W%tﬂns‘ih iR ePied 18- 66 andl or
9.33 +1-0.04 A \\hen Obtained at 22 2C and 'at ambient % refative humdity

using a ¢ zed 4@ thermest intenge line. The effoqts of grefeared odentation qanbe greatly sanpl e of
the 2.fp hyddpg | < f cterized .as having an X-ra
di ffratc?t I on pat Pgﬁ‘%i\tﬁﬂ#‘@ﬁﬂ?é“ r1"ses otawm%1%ﬂh” g

cor r espondheuseraf atwall gromidmaimple. d spaci ngs: 18.66, 9.33 and/or 20 4.92 +, 1-
0. 04 A when obtained at 222C and 31 10:{;)]‘; elative humdity froma copper

radi ati on source.

2.5 Mole Hydrate Form
The 2.5 hydrate crystalline form is characterized by an X-ray diffraction pattern
15  which comprises intensities correspanding to the following d spacings: 18.66 and/or 9.33
+-0.04 A when obtained at 22 $2°C and at ambient % relative humidity using & copper
 radiation source. Preferably, a properly prepared sample of the 2.5 hydrate crystalline
form may be characterized a5 having an X-ray diffraction pattem which comprises othe
| strong, characteristic peaks corresponding to the following d spacings: 18.66, 9.33 and/or
20 4.92+-0.04 A when obtzined at 22 32°C and 31 +10% relative humidity from a copper

radiation source,
dspacing _ Jlo
18.66 100 4.66 22
1138 18 459 - 16
9.33 69 426 12
8.711 11 3.87 52
8.44 24 380 12
6.22 28 372 38
- 592 17 343 19
5.69 55 . 329 25
5.59 10 i 313 10
5.14 11 3.11 16
492 49 3.08 18
4.15 24 295 11
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Mol e Hydr a%@ of7é¥768 The heptahydrate crystalline formis ch ;%d by an
X-ray dlffractlon pattern 5 which conprises intensities correspo ing to
the following d spacing. 7.78 +4-0.04 A when obtained at 2212C and at
anbient %relative humdity using a copper radiation source. Preferably, a
properly prepared sanple of the heptahydate cccystalline formmy be
characterized as having an X-ray diffraction pattern which conprises other
strong, characteristic peaks corresponding to the follow ng d spaci ngs:
21.60,7.78,5.26 and 3.22 10 +!- 0.04 A when obtained at 22 t2C and 31 10%

relative humidity froma copper raMaleHydratedome. 21. 60343. 8310
11.71153. 7269 7781003. 6231 7.221514124 6. 29313. 2414 5.86213. 2236

The heptahydrate crystalline form is characterized by an X-ray diffraction pattern
5  which comprises intensities corresponding to the following d spacing: 7.78 +-0.04 A
when obtained at 22 12°C and at ambient % relative humidity using a copper radiation
source. Preferably, a properly prepared sample of the heptahydrate crystalline form may
be characterized as having an X-ray diffraction pattem which comprises other strong,
characteristic peaks carresponding to the following d spacings: 21.60, 7.78, 5.26 and 3.22
10  +/-0.04 A when obtained at 22 +2°C and 31 +10% relative humidity from a copper

radiation source.
d L e
21.60 34 3.83 10
11.71 15 3.72 69
7.78 100 3.62 31
722 15 341 24
6.29 1 | 3.24 14
5.86 21 3.22 36
5.60 44 3.12 38
542 34 3.0 47
5.26 37 297 26
5.10 43 297 21
4.79 10 201 19
4.66 84 291 16
391 44 2.69 11
3.87 14 ‘ 2.67 11
Example 2
15 Stability Study Results for the 2.5 hydrate crystalline form andthnheptnhydme
crystalline form

Several lots of the 2.5 hydrate crystalline form have been put on stability study.
The results for water and total related substances are shown below. The solvents content
20  inlots A, B and Cincludes water and ethanol. Water content in the 2.5 hydrate crystalline
form is theoretically 8.7%; the ethanol content, however, is only 0.06%, 0.08%, and 0.1%



5.60443. 1238 5.42343. 0947 5.26372.9726 5.10432.9721 4.79102.9119

4.66842. 9116 3.914426911 3.87142.6711 &\WpLe 15 Stability Study Results for
the 2.5 hydrate crystalline formand the heptahydrate ci{évgusti2A@4farm
Several lots of the 2.5 hydrate crystalline four have been put on stability
study. THYOOYE&IM s for water and total rel ated substanc®CTASOE#MN bel ow.
The solvents content 20 in lots A B and C includes water and ethanol.
Water content in the 2.5 hydrate crystalline formis theoretically 8. 7%

t he et hanol content, however, is only O. 96% 0.08% and 0.1% 11 August 2004
WO 01/62760 PCTI zZI S01101229 -9 respectlvely for these lots and is not a

significant t ot al. I vent The ol v content for
lot Dis fo%&#@ %%%ﬂ@?ﬁ W%Wé‘@‘é&?@f % not a
si gni fi cant sdﬁéﬂﬂtdﬁtﬂntﬁﬁldt@is'i@rﬁrﬂﬁ%ﬂf%ﬂﬂaﬁoll@v@@lobbqﬁ Gbg%cﬁﬁéﬁﬁgbﬂ | né
formresults Th& sol vents (rralg,rg%mwater) content for all Tots Stored at 5 C

i ncreases o® 8olyents: o whi ch i ndi cates the material is
in the heptahydrate form However, for lot C. only the last tinme point
showed the material was in the heptahydrate form The accel erated
conditiofs for lots A B and E5kydrafiystdllitt fofiirds@lts D i s 25C, 10 60%

rel ati ve hum dit#ee%ig% t he | ot . shows an increase in water content to the
hept ahydrate for (%PEXB?@)WQWMM 1(C igersases peertimee of

the study. {dépprdximatsly'21 ﬁ,gfcgﬂ,k %ﬁl’n mi&mga@ @5 s A B
and D which were stored at 5C not ange si gni y ove év% The

per cent t ot £t lotdl, snlythe lestdime point showed the material was in the heptahydrate form.
_ The accelerated conditions for lots A, B and C are 30°C, and for Iot D is 25°C,
10  60% relative humidity. Only the D lot shows an increase in water content to the
heptshydrate form. The other lots vary in water content over the time of the study.

The change in the percent total related substances for lots A, B and D which were
stored at 5°C did ot change significantly over time. The percent total related substances
for lot C did increase somewhat over time.

15 The change in the percent total related substances for lots A, B and C which were
stored at accelersted conditions did change significantly over time. The percent total
related substances for 1ot D did not increase somewhat over time.

Solvents results (in percent of total) for the 2.5 hydrate crystalline form lots stored at 5°C.

time in- LotA 1otB LotC 1otD

months
0 {102 11.0 8.8 8.5
3 22.0 21.0 16.7 14.0
6 21.1 21.1 8.8 18.2
9 - N/A N/A N/A 21.1
12 21.5 21.0 21.0 21.7
18 223 20.8
24 21.1 204

20 ‘
Solvents results (in percent of total) for the 2.5 hydrate crystailine form lots stored at
accelerated conditions.

time in Lot A LotRB LotC - LotD

months '
0 - 10.2 11.0 8.8 8.5




for
t ot al

t ot al

Sol vent ;elr‘gé ﬂ?

| ots stored at 5C. 20 tine in

rel at ed substances for

st ances for

| ot D did not

I ncrease sone
percent of total) for the 2.5 hydrate
Lot ALot BLot CLot D nonths 010.211.08.88.5

|lots A, B and C which were

lot C did increase sonewhat over tine. 15 The change in the percent

stood at
accel erated conditions did change significantly over tinkl Apgestgaetent

B Rhe T or m

3.22.021.016.714.0 621.121.18.818.2 9N AN AN/ A21.1 1221.521.021.021.7
1822. 320. 8 2421. 120. 4 Sol vents resul ts.fgy.percent of total) for the 2-5

hydrate.crystailine formlots stored at

Lot ALot BLot CLot
PCTI USO / 01229 110

accel erated conditions.

6931128. 921. 2

tine in

DNt sy ot 611 1 STt FHpgost—2694, 5 01/ 62760 - 10
1572004 +o-16+ — 39— —-b—43+0—=+b4Y. 220. 8

2 106 Y 17193 20.5

3 107 11.5 17.2 20.8

6 9.3 112 8.9 2i.2

Total Related Substances results (in percent of total) for the 2.5 hydrate crystalline form

lots stored at 5°C.

time inmonths] LotA LotB IotC LotD
0 0.24 0.4 0.38 0.31
3 0.26 0.3 0.79 0.35
6 0.27 0.5 0.79 0.33
9 N/A N/A N/A 0.42
12 0.28 04 0.51 0.24
18 0.4 043
24 0.4 0.44

5  Total Related Substances results (in percent of total) for the 2.5 hydrate crystalline form

lots stored at accelerated conditions.
time inmonths] JotA LotB LotC LotD
0 0.24 04 0.38 0.31
1 0.35 0.4 0.6 Q.31
2 041 0.7 0.76 0.45
3 0.6 0.6 0.79 0.40
6 1.1 1.2 133 032
heptahydrate crystalline form results

The data for the 2.5 hydrate crystalline form give an indication that material that is

10

in the heptahydrate form shows less degradation over time as compared to material that is

not in the heptahydrate form. Totestﬂmhypothesxs,alaboratmylutoftheﬁhydmte
crystalline form was convertedtotheh:ptnhydratefonnbyplamngﬂmmmﬂman 85%
relative humidity chamber for 3 days. X-ray powder diffraction data was used to confirm

15

that the material wasinthehepmhydmefmmbefmemombﬂitysmdywasiniﬁated.
This material was put on a laboratory stability study snd the results are shown below.

The water content for this Iot stored at 5°C is approximately 21%, which indicates
the material is in the heptahydrate form. This value does not change significantly over




Total Rel ated Substances results (in percent of total) for the 25 hydrate
crystalline form lots sored at 5C. tine in nonthsLot Akl%k BLot Clot D

00. 240. 40. 380. 31 30. 26030. 79035 60. 270. 50. 79033 9NI AN/ AN/ h@ugyst 200

120. 280. 40%&,%180. 40. 43 240.40.44 5 Total Rel ated Substances results
(in percen al) for the 2.5 hydrate crystalline forBFTUSSIGr ed at
accel erated conditions. tine in nonthsLot ALot BLot CLot D 00.240. 40. 380. 31
10350. 40. 6031 20. 410. 70. 760. 45 30. 60. 60. 790. 40 61.11. 2133032 -hept ahydrat e
crystalline formresults The data for t_tif_Z. 5 hydrate crystalline formgive
an indication that material that is 10%'n the heptahydrate form shows | ess

degr adati on.over, tire a ared to materjal that, is not in the
hept ahydr at WWM&WW&“ Ig yeith-respest to gates contpgt ap 5

hydrate crgegtalline formwas converted to the heptahydrate form by placing
the material in an 85% relative humdity chanber for 3 days. X-ray powder
di ffracti on dat dheaccelerated conditiorsiforthisdétare 257€/609 eelitive hamddityant héom

hept ahydr ate form. . st.abi Ity stud initiated, 15 This
material was Pput AR Y W&&t%ﬁq‘ﬁ”ﬁ%mm are shown
bel ow. $he condiGons Wj,ﬁga Qm,g hich isdiQkG éﬁ'ﬁé&] BY ﬁ%ﬁﬁ{.ﬁl y 21%
whi ch indicates_the materiay S ‘i'vn t he hep'(tilzlihy ratel%orm IS val ue does
not change fomanihis yae dpeamat change sigpificantlyQiver thb: ard wditads 8@t the/'SOL/ 01229
heptahydrate material is stable with respect to water content at both of these accelerated
conditions.
‘The change in the percent total related substances for this lot, which was stored at
10  5°C did not change significantly over time. This indicates that the heptahydrate material
is stable and does not degrade significantly at 5°C.
Ihechangeinmepetcmtmmlze]atedsubsmnoesforthishnwhichwasstmbdat
accelerated conditions did not change significantly over time. ‘This indicates that the
heptahydrate material is stable even at the accelerated conditions and does not degrade
15 significantly.

Solvents (water) results for the heptahydrate Jot stored at 5°C, 25°C/60% relative
humidity, and 30°C/uncontroiled relative humidity. .

5°C | 25°C/I60%RH | RTAmcontrolled RH
0 210 21.0 21.0
025 N/A 21.1 213
0.5 210 21.1 20.8
0.75 N/A 20.1 20.6
1 206 - 20.1 20.6
2 2.1 )+ N/A 21.1
3 21.3 20.7 211
6 21.1 213
9 21.1 N/A
12 219 21.7




-11 tinge and indicates that the heptahydrate nmaterial is stable with
respect to water content at 5C. The accelerated conditions for this |ot
are 25C/ 60% relative hunmidity and room hunidity. The waf &Augési28Rt for
mat eri al %@Bﬁ&?&f these conditions is approximately 21%_whi ch indicates
the material 1$1nh the heptahydrate form This val ue dd&s/H¥RRRnge
significantly .over tine and indicates that the heptahydrate material is
stable with respect to water content at both of these accel erated
conditions. The change in the pervenuaqtal. rel ated substances for this |ot,
whi ch was stoned at 10 5C did not change significantly over tinme. This

S oni 11 cant 1y BrogA SRSy Wb Lol Bt RefuuBra o Bl o260 RO RlatiE . o

this lot; which was st dwmsidity, and 30/ econteslledqeldiive isidiy.d not change

significantly over . the . heeptehydrate material
is stable even at f - Aed cdPC/OBRH [RTAmeontroliedt ~ defyr ade 15

significantly. Sol yents®(watler 04lesyl t 04br the hepOalydratell ot stored at

5C, 25J60% relative HuRSdit 10CIa@ ontfr ol | edgigl at 1 vej hum dity.
Ti meSC25C160%=HRThhr copisr ol | 3.
0.521. 021. 120.8 0. ] o 321.320.721.1
621.121.3 921. IN' A , % 0.43
2 045 N/A 0.44
3 0.42 042 042
6 0.42 042
9 0.40 N/A
12 042 0.39

The present invention also includes methods employing pharmaceutical
5  formulations which contain, as the active ingredient, the heptahydrate crystalline form, in
association with pharmaceutical carriers. A skilled artisan would know of such
formulations and their manufacture, see, e.g., REMINGTON'S PHARMACEUTICAL SCIENCES,
(16th ed. 1980).
The formulations are preferably formulated in a unit dosage form, each dosage

10  containing from about 5 to about 100 mg, more usually about 10 to about 30 mg, of the
active ingredient. The tenm "unit dosage form" refers to physically discrete umits suitable
as unitary dosages for human subjects and other mammals, each unit conteining a

- predetermined quantity of active material calculated to produce the desired therapeutic
effect, in association with a suitable pharmaceutical excipient.

15 The crystals are effective over a wide dosage range. For example, dosages per day
normally fall within the range of about 0.5 to about 30 mg/kg of body weight. However,
it will be understood that the amonntofthecxystalacmaﬂyadﬁlinistemdvdllbc
determined by a physician, in the light of the relevant circumstances, including the

_ condition to be treated, the chosen ronte of administration, the actual crystal administered,

20  the age, weight, and response of the individual patient, and the severity of the patient's
symptoms, and therefore the above dosage ranges are not intended to limit the scope of
the invention in any way. In some instances dosage levels below the lower limit of the
aforesaid range may be more than adequate, while in other cases still larger doses may be



WO 01/62760 PCT/LJS01101229 -12 Total Related Substances results for the
hept ahydrate |ot stored at 5C, 25C/60%relative humdity, and

30C/ uncontrolled relative humdity. Time, np.5C25C 60YRMTAYEESFOPHI | ed
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I nvention al so includes nethods enpl oyi ng pharmaceutical 5 fornul ations

whi ch contain, as the active ingredient, the heptahydrate crystalline farm
in association with pharmaceutical carrigrs. A skilled artisan would know
of such formulations and their manufacture, see, e.g., Rminuyro (s
PHARMACE[ T. t I CA SC e% 16t h_e& 1980). The fornul ations are preferably
formul ated i Fo® 3@‘@9&5’?‘ dreffegte provisied that suchilargeridosesasdbout 5

to about 100 fie diviBédintd sk i) knidhl &Jﬁ;mé éauﬁﬂgﬁl&q Qh,gg 9% active
ingredient. The term"unit dosage or(rﬁutre ers ﬁﬁ"&‘gﬁhﬁ I screte un| ts

suitable as uni tﬁ?m&gé&emmnmm@wmmﬁemm

unit contain det er uant |, t ctive rraterl al cal cul at ed to
produce the gelsmlugr'gec}’%ﬁ n?l’ %@{'Jﬁ’ﬁ{' rally agpeptable camrieraon e

phar maceusi campmmeﬁbpmaanwaﬁm n V\AbYﬁEn @Eﬂﬂ#%e dosage

range. For exanp] e, dosages per day normally e of

about 0.5 t o CHBBIGH PIepetiss of the semponng splettod; the chiosmnatente of admindstritidag and
under st ood t%ﬂs‘m&cﬁ&ﬁ& crystal actually adm nistered will be

In another exbodiment, the present invention provides pharmaceutical
wmposiﬁonscompﬂsingammpeuﬁcauyeﬁecﬁveamomtofﬂwcrymlmadmixm«

10  otherwise in association with one or more phanmnaceutically acceptable carriers or
excipients. '

The pharmaceutical compositions are prepared in a manner well known in the
phaumceuﬁcal‘attmcanierorexcipientmaybcasolid,senﬁ-solid,orli.qﬁdmatcrial,
which can serve as a vehicle or medium for the active-ingredient. Suitable carriers or

i5 exdpientsueweﬂknowninﬂxemlhephmacwﬁcalmmposiﬁonmaybeadapmdfm
'oral;inhalaﬁon.parenteral,ortopicaluseandmaybeadminisbemdmthepaﬁmtinﬂw
form of tablets, capsules, asrosols, inhalants, suppositories, solution, suspensions, or the

Thecrysmlsofmepxumtinvenﬁonmaybcadnﬁnistmadmﬂy,fornxmple,

20 withaninﬂtdiluentorwiﬂ:anediblecm:ier.'lheymaybemclmdingclatincapmﬂmor
compmswdiﬂomblem.Formepmposeofmdﬂmapeuﬁcadminimaﬁommecrym
maybeinompmatedwimexdpimmmdmedinﬂmfomofmblm,mm.
eﬁxir&wspenﬁms,m@s.wafm.chevdnggumsmdﬁxeﬁke.nmmpamﬁm

| should contain at least 4% of the compound of the present invention, the active ingredient,

25 blnmaybevaﬁeddcpmdingupmthcpmﬁcularfomandmayconvenienﬂybebetween
4% 10 about 70% of the weight of the unit. The amount of the crystal preseat in
_ oomposiﬁomissuchmnasnimbledosagewiﬂbeobminedhefmdmmposiﬁmand
pmpmﬁmsaocouﬁngmthepmminvenﬁonmybedewmimdbymeskiﬂedin
the art.




determ ned by a physician, in the light of the rel evant chcunstances,

I ncluding the condition to be treated, the chosen route of adntnlstratlon
the actual crystal admnistered, 20 the age, melght and Fé%@d 2004 the

i ndi vi dual and the seventy of the patient's %T and
therefore‘?ﬁe é%ove dosage ranges are not intended to I| ﬁ@mgﬁgpe of
the invention in any way. In sone instances dosage |evels below the | ower
limt of the aforesaid range may be nore than adequate, while in other
cases still |arger doses may be 11 Augusf42004 WO 01/62760. PCT/ US01/ 01229
-13- enployed without causing any harnful side effect provided t hat such

| arger doses ar e Thasdbidts Q&gisﬁl Iﬁﬁ% &'t i el ik ration
throughout t he day. The cryst I's of e plriesent ventlon can @%’Hl&h%}'
admi ni st er e@%f@ﬂ%ﬂﬂ&h@ﬂ@m@mmnbwsﬂnuummmmmmn

conbi nati on ceu |1y acce e coners or eXC|p|ents , the
proportion Maﬁ{‘}ﬁ’é&% '\ﬁ#\ %¥ ff@pg? g JpEnts | wcm

chem cal pr GRiidgeE tomfstdntlCandRP RS ‘nk%n&li\ﬂﬁw o
adm ni stratigon, and standard phar maceut | cal practice n anot her

embodi meflt , @H@%#@b@ﬁ@ﬂ%nﬂ&m@mﬂw ahdswegleningmgerts such las suwroge@ei t i ons

or 710" of e sieDEF Rl b il fr  iafitg Gl St sppte medy 3'@5:4}»? am xuwe

accept abl e mmgeﬂhﬁoﬂfgmﬁm&ﬂﬁ@uﬂﬂﬁnfﬁéﬁggﬂﬂﬁt Eaﬁt@re

prepared in a nanner well known in the har ceutilca Slt e carrier

or  xci pi efeaterals ¢fthey %Pm%b‘m!dmmucbnspdmhﬂemﬂmm‘afam«lch can

15 oxci pi oni R r?“?%%%ﬁ?ﬁ?*m@%ﬁ@%%ﬁ%%ﬁé“ e

adapt ed 1@or foro of the dodagé anit, for, exanples
adm ni stered .o the ti ent in the formo tabl et s, capsul es, aerosol S,
i nhal ants, 1 5’?’7! mw o AsSyrun meyeontaindn addiGonto st al s

_|O]he£ Ped:olr ﬁ:hﬁtg or with an ed e ?grq‘rsl er. %&Eﬂd#ﬁiﬂm‘%ﬁ%f hg?ﬂ
capsul es or WMWWIW@mMﬂl&wmmﬁm shdifd Boeut i C
admi ni strat bﬁ&matcgﬁmgﬂ)yﬁ amdnon-toncmthe amounts uged.

15 For the purpose of parenteral therapeutic administration, the crystals of the present
invention may be incarporated into a solution or suspension. These preparations should
contain at least 0.1% of a crystal of the invention, but may be varied to be between 0:1
andaboutSO%oftheweighttheteoﬁ‘lheamomtoftheheptahydmecrystallinefonn
present in such compositions is such that a suitable dosage will be obtained. Preferred

20 compositions and preparations are sble to be determined by one skilled in the ast.

Thecrysmlsofthcpmsentinvenﬁonmayahobcadministmedbyinhdaﬁon,such
asbyacrosolord:ypowder.Delivmymaybebyaliqueﬁedoroompmsedgas orbya
suitable pump system, which dispenses the compounds of the present invention or a
formulation thereof. Formulations for administration by inhalation of compotmds of

25  formula (1) may be delivered in single phase, bi-phasic, or tri-phasic systems. A variety of
systems are aveilable for the administration by aerosol of the compounds of formula (1).

Dry powder formulations are prepared by either pelletizing or milling the compound of
formula (1) to a suitable particle size or by admixing the pelletized or milled cormpouid of
formula (1) with a suitable carrier material, such as lactose and the like. Delivery by

30 inhalation includes the necessary container, activators, valves, subcontainers, and the like.



may be incorporated with excipients and used in the formof tablets,
troches, capsules, elixirs, suspensions, syrups, wafers, chew n uns and
the lIike. These preparations should contain at | east 4% bﬁusrfé238 ound of
the present invention, the active ingredient, 25 but may be varied

dependi ng WRBHEX# particul ar formand may conveniently berosimern 4%to
about 70% of the weight of the unit The anobunt of the crystal present in
conpositions is such that a suitable dosage will be obtained. Preferred
conpositions and preparations accordin 5to the present invention may be
determ ned by soneone one skilled in tﬁg art 11 August 2004 WO 01/62760
PCT/ USO1 /0O 9 14 The | et I11.s sul es, troches and the |ike may
al so cont ai 8?"#@ &%Wﬁgmg‘% byinkglatien eande as

M crocryst alétrifnsdty ok SKifled BUHe 4f,20acanth or  gel ati n; excipients such as
starch or |attose, disint etgqatl ng agents such as alginic acid, Prinogel ,

corn starch and MWMMMWWMWM
Sterotex; Sgla I 0j dal SI I LCOﬂ. | oxi de vveet eni ng
agent s such as sucrose 0 y gﬂ%?faﬂ% bage. d¥ent such

as peppeirmmmﬂemybomﬁmlmbﬁmmmmnmg{dﬁm }:h@é&esage
unit formis a,capsule, it ngﬁcontaln in addit onto materlasof t he
above type, Ve, mipeal cil, dilusnts aysh gewaten and elcghgloand eonulaifidrsand) oi | .

%QGLhSS.S?ar s foﬁ‘ﬁ?‘a’? RO GR8L Bla) s iRy SR b el o e’ L

tabl ets or W@MMOWWM@%WNMW odit wilikfg). ent eric

coating agents. ‘@Féﬁ e, cont.al n ﬂiqoﬁmg ion to the present conpounds,

sucrose as a SWe ‘B'y Pumogef thefplewing

col ori nigs amﬁhw&havmedn&wauai&m.aee&aﬂmmmm' sOktiien t
e anounts

conposition should be eharnaceutlcally puré and non-toxic in

used. 15 F glyeols glygering, propylmiesglyenl oon, t he
crystal s ofothevh&R5%8 Erﬁ%ﬂl F%¥l | nt sol ution or
_suspensi on. Thegﬂeﬁ&prer)ga'#ﬂét1f ons shou 2@%%%% 5"‘@”61 cryst al

of the mvempmmmchmmmmdmoﬂmmmmﬂg Rilctodutlylea % of the
wei ght ther The apoun t"ﬂ& t he bept ahydrate crystalline form present in
such corr'po g‘i‘"&‘ﬁ?ﬁ?“é”%‘iﬁf& {B5RiNtEs, GibEtes ar Phosphatns apd egentsdor the

Pref er rgsd adjusunentoftommtysuchassodmmchlondemdaxm. The parenteral preparation

- can be enclosed in ampoules, disposable syringes or multiple dose visls mane of glass or
plastic.

The following formulation example is illustrative only and is not intended to Limit
the scope of the invention in any way. "Active ingredient” means the heptahydrate

Exemple 1
_ act:we ingredient : 4% (total solation)
L-cystmnc ) 0.03% (total solution)
a pharmaceutically acceptable excipient water

The pH of the solution was adjusted to 8.5 using sodium hydroxide. The pH
 adjusted solution was protected from light. The solution was purged with nitrogen for
twenty minutes and then sterile filtered. The formulation was dispensed into prewashed,
depyrogenated vials and then stoppered with 2 prewashed, presterilized teflon coated




20 conpositions and preparations are able to be determ ned by one sided in
the art. The crystals of the present invention nay al so be adm ni stered by
i nhal ation, such as by aerosol or dry powder. Delivery rhyugestp04

| i quefied or conpressed gas or by a suitable punp system which di spenses
do conpoun¥ @f62tde present invention or a fornul ation tberesfieize
Fornmul ati ons for adm nistration by inhalation of conpounds of 25 formula
(1) may be delivered in single phase, bi-phasic, or tri-phasic systens. A
variety of systens are available for t adm ni stration by aerosol of the
conpounds of formula (1). Dry powder fornul ations we prepared by either

pelletizing _or m inﬁ t he conpound Qf formula (1) to a SU|tabIe particle

si ze or by 5@’@% #ﬁp"t |2 ?’quﬁilgﬁaﬁ‘mﬂﬂ 10 sealefd dispensingsteps) wi t h

a suitable wgé(ﬁ&,m,ﬁﬂgad hﬂﬁ&g@ﬁ @xgggll)t he Iike Del i very by 30
ner

i nhal ation includes the necessary cont vators, valves,

subc. ont ai ners, Theisalwtionifilled vislg wensdweatistedii@d. WO 01/ 62760 PCr/uS01101229 -
15 Pzefeaed aerosol and dry powder fornulations for adm nistration by

i nhal ation can be determined by one skilled in the art. The crystals of
the present invention may al so be adm nistered topically, and when done so
the carrier may suitably conprise a solution, ointnent or gel base. The
base, for 5 exanple, may conpose one or nore of the follow ng: petrol atum
| anol i n, polyethylene glycols, bee wax, mneral oil, diluents such as

wat er and al cohol, and enulsifiers and stabilizers. Topical fornulations
may contain a concentration of the fornmula (1) or its pharmaceutical salt
fromabout 0.1 to about 10% w v (weight per unit volunme). The solutions or
suspensions nmay al so i nclude one or nore of the followng 10 adjuvants:
startle diluents such as water for injection, saline solution, such as
sodium chloride and mannitol, fixed oils, polyethylene glycols, glycerine,
propyl ene glycol or other synthetic solvents; antibacterial agents s
uch-as benzyl al cohol or nmethyl paraben; antioxidants such as ascorbic
acid or sodium bisulfite; chelating agents such as ethyl ene

diram net ~etreaceti ¢ acid; buffers such as acetates, citrates or phosphates
and agents for the 15 adjustnent of tonicity such as sodium chloride or
dextrose. The patenteral pr on can be enclosed in anmpoul es, disposable
syringes or nultiple dose vials mane of glass or



plastic. The follow ng fozmnul ati on exanple is iIIustrative only and I S not
intended to limt the scope of the invention in any way. "Activ

i ngredi ent” neans the heptahydrate 20 crystalline form él:tﬂ‘f“'g'égtlzﬁﬁ‘i‘edl ent
4% (total solution) - ysteine, 0.03% (total solution) a pharmaceutically
accept abl V@RFPFLnt  water The pH of the sol ution was adfGRUMNIBIG. 5

usi ng sodi um hydroxi de. The pH adjusted solution was protected fromlight.
The solution was purged with nitrogen for twenty mnutes and then sterile
filtered. - The fornulation was di spensed g Jn,t paewashed, depyrogenatcd
vials and then stoppered wi th a prewashe prized teflon coated 11 August
2004 WO 01/ 6276 0gR! S01M 229  -16 stopper. Caps were attached using a
danper. The steri i tration and dispensing steps were conducted using a
ni trogen isol ator (5% viv Oxygen). The solution filled vials were beat
sterlized, _,11 August 2004 WO 01/62760 PcrlusolAnn9 - 17 W claim 1. A
hydrate crybtal A wlfmmvi@m um N-{4-Ry@remino-4 Jdikydro-4-oxo-3H-

Ruepshya T IOR aoyrime FeTER %%W#&eﬁ%mmm

whi ch cdipr eryetalling forin®), IlnvinganmyHﬂrﬁﬂfoh@ﬁﬂﬁﬂﬂwﬁﬂh folewing /8 *0. 04
A when obtained at 22 2C and anbient % relative humdity f nm a copper

radiation s garresponding O ApBERE 7w/ £0:04 & whenobtsined atR2 22°C and ambient %

Al Z- (Z- am nuded ﬁﬁé G%Prgﬁl % ol o[ 2, 3- @ pydmi di n-5-y1) thyl]be
zoyl ] - Ughct amate ﬂegt d gmﬁé%t ahydrate crystalline form as
clainmed in Clalml for use in therapy. A process for preparing a

nmedi canent i)ng c,%erbi ni n% Eh%_gel;ft,ahx,%%}_&_ ino-d,7-dih IE
10  pyrrolo[2,3-d}-pyrimidin-5-yl)ethyljbenzoyl)-L-glutamate, heptahydrate.

3. The heptahydrate crystallinc form as claimed in Claim 1, for use in therapy.

4. A process for preparing a medicament comprising combining the heptahydrate
15  crystalline form with a buffer in an aqueous solution.

5. A process for the preparation of a pharmaceutical formulation of disodium N-[4-
[2-(2-amino-4,7-dihydro-4-oxo-3H-pyrmrolof2,3-djpyrimidin-5-ylethylJbenzoyl}-L-
glutamate, which comprises bringing disodium N-[4-{2-(2-amino-4,7-dihydro-4-oxo-3H-

'720 pymolo[2,3-djpyrimidin-5-yl)ethylJbenzoyl}-L-glutamate heptshydrate into association
with a pharmaceutically acceptable carder.

6. Anarﬁcleofmanufachnecompﬂsi;:gpa:kagingmamdnlmdaoompodﬁon
comprising the heptahydrate crystalline form contained within said packaging material,
25  wherein ssid crystalline salt is effective in the treatment of cancer and wherein ssid
packaging material comprises a label which indicates that said crystalline salt can be used

to freat cancer.

7. marﬁdcofmanleMEeofClaim6wheminﬂmmeerismoﬂmlioma.



15 crystalline formwith a buffer in an aqueous solution. 5. A process for
the preparation of a pharmaceutical foaaum ation of di S??I um
[ 4- gl utamat e, whi ch conpdoes. bringing disodiurn N-[4-] A“9U3t2004

2- (2- ano. {ga m4- aro-3H 20

p3f aol of 2, 3%y| | mi di n-5-yl kfihyl ]benzoyl ] . I.glutamat ECTWMB%r atc
into association wth a pharmaceutically accept abI e cmier. 6. An article
of manufacture conprising packaging material and a conpositi on conpi | i ng
the hephrhydrate crystalline form contfg ned wi thin said packaging
material, 25 wherein said irystatline Salt is effective in the fteatnent

ndi oat o5 Pnat ey sisbRg i Clais L e B rrufictie of s Badicapergdothy . The

articl e of nestmghesficdh@rof C ai m 6 wherein the cancer | s eliom,. 11 August
2004 WO 01/ 62760 PCT/ US01101229 -18 8. A conpound as clained in Jaim1l
for the manufacture of a nmedi canent for the treatment of cancer. 9. A

conmpound ag_cl a al,m 8 .wh he _.cancer |$ nmesot hel toma. 10. A
process for pr epar ?‘WOH?%W ﬁpm & 1s mpgatheliomfn; i ses
crystal§izing disodiu mN [4[2 (2 am no 7 di hydr o- 4- 0xo0- 3H-pyrrol o[ 2. 3-d]
pydm di n- yl )et hyl ] benzoyl gl ut am"c acid salt froma sol 5-yl vy

| ] byl ] - | %an utA ering the Beptahydente.of Elaim 1, which bbmprigesvent ; and

T R AN TR

huni d ni t r SgBethylJbenz81pLpghotemiccachi mﬁlm&&mw&fmﬂwwtﬁf{z—

acetone. 15 .
amino-4 7—d1hydro-4—oxo—3H—pyn'olo[2.3-d]-pynm1dm-S-yl)ethyl]benzoyl]—L—glutamlc
10 acid, waﬁar. and a water migcible solvent; and drying the crystslline disodium N-[4-[2-(2-
amino-4,7-:ﬁhydm—4»oxo—3H—pynolo[2,3-d]-pyﬁmidin-5—yl)ethyl]benzoyl]—1rglutamic
acid salt with humid ritrogen.

11.  The process of Claim 10, wherein the solvent is acetone.
15 .



