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-1 A NOVEL CRYSTALLINE FORM OF N-(4(2-(2-AMINO-4,7  DYHYDRO-4OXO- 3H
PYRROLO(2,3-d]PYRMIDIN - -YL} E'f'gy1BENZOYL].irGLUTAMLC ACID AND PROCESS
TEEREFOR 5 The present invention provides an improved crystalline form of
the antifolate  compound N [42-2(2-amino-4,7-
ctihydio4-ono-3H-pynulo[2,3-d]pyrimidin-5 yll  yllbenmyl]-L-glutamic  acid,
or  pemet axed disodium, also known as multi  antifolate  or MTA
(hereinafter  pemetrexed), as well as the process for its preparation.
Pynvlo[2,3-d]pyrimidine  based  antifolates have been used for a number of
years 10 as chemotherapeutic agents in the treatment of cancer. Pemetrexed
is a 5-substituted  pyrolo 2,3-d]ppimidine disodium  salt Extensive
research and evaluation has revealed  that pemetrexed is a potent inhibitor
of several folate-requiring enzymes, including  thymidine synthase,
dihydrofolate  reductase  and  glycinamide  ribonucleotide  formyltearase.
Pemetrexed  disodiura is currently in clinical trials for UeWnmt of 15
patients with a wide variety of solid tumors. 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 25
hydrate.  One method by which the heptahydrate  is formed, is when the
product is recrystallized  from a volatile, water miscible solvent, such as
acetone. The primary advantage of the 20 heptahydrate crystalline foam over
the 2.5 hydrate crystal form is stability with respect to  solvent content.
The heptahydrat e crystalline form is also more stable with respect to
growth of related substances. These enhancements of stability make it
easier to prepare  the final formulation of the active kcal ingredient
(API) 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 watedacetone. The bey to isolating it is in how  it is
dried. 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 watedethanol   procedure is
that them are no known conditions  that successfully mmove  ethanol or
isopropyl alcohol from the  wetcakewithout also 30 losing water. The prior
at water/ethanol  procedure, as discussed by Barnett, et al., first 



11 August 2004  WO 01/62760 PCTIUSOI/01229  -2 produces the 7.0 ethanolate
and then this is converted to the 2.5 hydrate upon evaporation  of the
ethanol. However, in the present invention, one is enabled to remove the
volatile,  water miscible solvent while preserving the original
heptahydrate crystal form. This  process has been demonstrated in the pilot
plant, as described below. 5 U.S. Patents 5,416,211, 5,344,932 and
5,539,113 disclose processes for preparing  certain substituted
pymolo[2,3-d]pyrimidine  based  antifolate derivatives, including
pemetrexed . A number of pyrrolo[2,3-d]pyrimi d ne  based antifolates,
including  hexed, are described in U.S. Patents 4,966,206;
5,106,974-,4,M,938; and  5,106,974. 10 In a first aspect of the present
invention there is providedo hydrate crystal form of  disodium N-[4-[2.(2-
amino-4,7-dihydro-4-oxo-3H-pyrrolo[2,3-d]-pyrimidin-5-
yl)ethyl]benzoyl]-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- 5y1)ethyl]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 oxo-3Hpyrrolo[2,3-d]-pyrimidin-5yl)ethyl]benzoyl]-L-glutamate, which
comprises bringing disodium
N-[4-[2-(2-amino-4,7-dihydro-4-oxo-3H-pyrrolo[2,3-d] pyrimidin-
5yl)ethyl]benzoyl]-L-glutamate heptahydrate into association with a
pharmaceutically  acceptable carrier. 30 11 August 2004 -2a Another
embodiment may be a formulation comprising the heptahydrate crystalline
form in association with a pharmaceutically acceptable carrier. Still
another embodiment may relate to a process for the preparation of the
heptahydrate  crystalline form comprising crystallizing disodium
N-[4-[2-(2-amino-4,7-dihydro-4-oxo-3H-
pyrrolo[2,3-d]-pyrimidin-5-yl)ethyl]benzoyl]-L-glutamic acid salt from an
appropriate  solvent. In a fifth aspect of the present invention there is
provided an article of manufacture  comprising packaging material and a
composition comprising the heptahydrate crystalline  form contained within
said packaging material, wherein said crystalline salt is effective in the
treatment of cancer and a label which indicates that said crystalline salt
can be used in the  treatment of cancer. In a sixth aspect of the present
invention, there is provided a compound as defined in  the first aspect for
the manufacture of a medicament for the treatment of cancer. In a seventh
aspect of the present invention, there is provided a process for preparing
the heptahydratea as defined in the first aspect which comprises
crystallizing disodium N-[4-
[2-(2-amino-4,7-dihydro-4-oxo-3H-pyrrolo[2,3-d]-pyrimidin-5y1)ethyl]benzoyl
]-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)ethyl]benzoyl]-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-5y1)ethyl]benzoyl]-L-glutamic acid salt with humid
nitrogen. 11 August 2004  WO OI/62760  PCTIUSOIM1229  -3 



5 10 Yet another embodiment may be the heptahydrate crystalline salt of a
compound of  formula I: Further embodiment may relate to a method for
preparing such compounds by  recrystallizing a compound of the formula I
from a water miscible solvent. Brief Desca  'on of the Figure Figure I is a
representative XRD   patternfor the  heptahydrate crystalline salt  taken
at 2512 9C and wnbient relative humidity. The compound of formula I can
exist in  tautomenic  cq bnium  with the  corresponding 4(3H) -oxo
compound. For illustrative purposes, the equilibrium for the
pyuolopyrimidim ring system and the numbming thereof, an shown below: OH  H
1\  H 1S For convenience, the 4(3H)- MO form is depicted in fommnlal,  and
the  con?espanding  nomenclature is used thiaughout  this specification
However, it is  understood that such depictions include the cormsponding  t
tomeric 4 hydroxy form. 11 August 2004  WO 01/62760 PCTAJS01101229  -4-.
Prefed process conditions to prepare the heptshydrate  crystalline form of
the  present invention are as follows: 1. There is a critical interaction
between equivalents of sodium hydroxide, temperature,  and time during the
saponification. This is due to a slow decomposition of  pednefr+exed in  5
solution at high pH. The saponification should be held to less than 6
hours. 2. The pH of the crystallization of pemetrexed  is between 2.5 and
3.5. 3. At least 5 volumes of water are used as a wash during the
filtration to collect  pemetrexed.  



4. Between 2 and 3 equivalent of sodium hydroxide are used to form
pemetxexed.2Na.  10 5. After the filtration, the aqueous solution of
pcmxed.2Na passes a qualitative test  for extraneous materials. 6. The pH
of the crystallization of petrexed.2Na is between 7 and 9. 7. At least 10
volumes of acetone are used as a wash during the filtration to collect
pemewmed2Na.  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 harm,
describes a relative humidity range from about 20% to about  80%. The
following Examples further illustrate the present invention. 25 30 le I
Preparation of the  Heptahydrate   Crystalline Form
N-[4-('Z-{2-Amino4,7-ffihydro4-oxo-3H  pyjrmlo[2,3-d}pyfmidin   5-
Yl)ethYI]be=YI1 Uglutamic  add diethyl ester p-toluenesnifonic acid salt
and aqueous  sodium hydroxide (4th 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  ethanol (5 to 8 volumes) are added.
Dilute hydrochloric acid and dilute sodium hydroxide 11 August 2004 WO
01/62760 Perius01101229  -5 solution (if needed) are added to adjust the pH
to between 2.5 and 3.5. The  shnry is  warmed to between 60 C and reflux
(approximately 78 C), then cooled to between 0 and  30 C. Pemetrexed  is
collected by filtration, and washed with water (not less than 2.5
volumes). 



The pemetmaced  wet cake, water (5 to 8 volumes), and sodium hydroxide (2
to 3  equivalents) are combined. The resulting solution is filtered. Dilute
bydtochladc acid and dilute sodium hydroxide solution (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  added. The mixture is cooled to
between 0 and 30 C. The heptahydrate crystalline form 10 is collected by
filtration, washed with acetone (not less than 10 volumes, may be aqueous
acetone), and dried under humid nitrogen at less than 50 C. Particle size
or chin4gng  may be reduced by milling or screening. Expected yield:
greater than 80% 15 MaterialsNameSWIM _qMMMdIVPemetrexed  Glutamate40.06
50% Sodium hydroxide Sodium hydroxide solution 44.0 kg.22 - solution50%
Ethanol (Absolute-type 3A- Alcohol S.D. No. 3A  denatured with 5%
absolute'Z70 L methanol H uric acidH uric Acid19.19 Deionized WaterPurified
Water with 1515 L Eadotoxin  control AcetoneAcetone1880L Purified water
(265 L), 50% sodium hydroxide (22 kg, 4.5 equivalents), and N-[4-
[2-(2-Amino-4,7-dthydro-4-oxo-3H pyimlo[2,3-d}pydmidir>-5-yl)
ethyl]benzoyl] L- .  glutamic add diethyl ester p-tol onic acid salt (40
kg) were combined and stirred  at between 20 and 30 C until no solids were
visible. The resulting solution was filtavd. 



20 Purified water (270 L) and denatured ethanol (270L)w= added. The pH was
agjusted  to between 2.8 and 32 using dilute hydrochloric acid (106 L of 2N
first, then 0.5 N HQ  and/or 0.5N NaOH  to bit dw  pH (63.8 kg of 0-5-N HQ
and 5.34 kg of 0.5 N NaOH were 11 August 2004  WO 01/62760 PCT/USOI/01229
-6 required)). The slurry was adjusted to between 60 and 70 C, then cooled
slowly to  between 20 and 25 C. Pemet  exed  was collected by filtration,
and washed with purified  water. Pemetmxed , purified water (271 L), and
50% sodium hydroxide (10.2 kg) were  5 combined at between 20 and 30 C. The
pH was adjusted to between 7.5 and 8.5 using  0.5 N HCl (8.0 L were
required). The resulting slurry was adjusted to between 45 and  55 C and
acetone (1300 L) was added. The mixture was cooled to between 20 and 25 C.
Peme=ed2Na s collected by filtration, and washed with acetone. Residual
-acetone was removed at less than 35 C using a stream of   watersaturated
nitrogen. 10 The following illustrates station a small scale Into a 500 ml
Erlenmeyer flask was placed 10.76 g (16.4  mmol) of N [4-[Z-(2_
amino-4,7-cilhydm-"xo-3H-pyrnaio[2,3-d]pyrimidin-5  yl)c
thyl)benzoylj.L-eutemic  acid diethyl aster p-toluenesulfonic  acid salt
and 72 ml 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 dilute  HCL The slurry was  heated to
65 C and then allowed to cool to room temperature. The slurry was filtered
and the wetcakc e was transferred to a 1 L Erlenmeyer. 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 acetone were added. Crystallization  began after about 250  mlhas
been added. The slurry was cooled to room temperature and  filtered. The
solids were washed with acetone and dried in a vacuum oven at 25 C under  a
slight vacuum (700 mm Hg). A stream of damp air was passed through the oven
during the 2 hour drying  tinme. Yield = 9.38 g (97%). Volatiles free
potency: 923%.  



25 Total Related Subs.: 0.20%. Water. 21.2%. The theoretical water level
for the  heptehydrate  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  lightly 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
11 August 2004  WO 01162760 PC /U501101229 -7 diffraction patterns are
measured using a Siemens D5000 x-ray powder  diffiactometer  equipped with
a CuKac  source (ae"1.54056A)  operated at 50 kV and 40 mA using a Kevex
solid-state silicon lithium detector. Inteaplanar  spacings and peak
intensities for the most  pent features we measured using a
double-derivative peak picking method. 5 Disodium  MTA Hydrate Form I has a
typical XRD pattern with  interplanar spacings (d)  in Angstroms and
typical relative intensities (!!In as shown in Tables I and IL The error
of measurement is +1- 0.04 A. X-ray peaks with 1% of 10% or greater were
reported in  the Tables below. The cutoff was chosen arbitrarily. Mn
hintensities are reported normalized to the most intense line. The effects
of preferred orientation can be greatly  10 weed using a sample that is
prepared in a mRmner   that minimizes this effects, such as  the use of a
well ground sample. To-hie  2.5 Mole Hydrate Form The 2.5 hydrate
crystalline form is characterized by an X-ray diffraction pattern  15 which
ca ises intensities corresponding to the following d spacings: 18.66 andlor
9.33  +1-0.04 A When Obtained at 22 2C and at ambient % relative humidity
using a copper  radiation source. Preferably, a properly prepared sample of
the 2.5 hydrate crystalline  form may be characterized as having an X-ray
diffraction pattern which comprises other  strong, mastic peals
corresponding to the following d spacings: 18.66, 9.33 and/or 20 4.92 +,1-
0.04 A when obtained at 222C and 31 10% relative humidity from a copper
radiation source. 



18.661004.6622 11.38184.59 16 9.33694.2612 8.71113.8752 8.44243.8012
6.22283.7238 5.92173.4319 5.69553.2925 5.59103.1310 5.14113.1116
4.92493.0818 4.75242.9511 11 August 2004  WO 01/62760  PGTIUSOI101229  -8 7
Mole Hydrate Form The heptahydrate crystalline form is characterized by an
X-ray diffraction pattern  5 which comprises intensities corresponding to
the following d spacing. 7.78 +4-0.04 A when obtained at 2212C and at
ambient % relative humidity using a copper radiation  source. Preferably, a
properly prepared sample of the  heptahydrate  cccystalline form may  be
characterized as having an X-ray diffraction pattern which comprises other
strong,  characteristic peaks corresponding to the following d spacings:
21.60,7.78,5.26 and 3.22 10 +!- 0.04 A when obtained at 22 t2C and 31 10%
relative humidity from a copper  radiation source. 21.60343.8310
11.71153.7269 7781003.6231 7.221514124 6.29313.2414 5.86213.2236 



5.60443.1238 5.42343.0947 5.26372.9726 5.10432.9721 4.79102.9119
4.66842.9116 3.914426911 3.87142.6711 &MpLe  15 Stability Study Results for
the 2.5 hydrate crystalline form and the  heptahydrate crystalline farm
Several lots of the 2.5 hydrate crystalline four have been put on stability
study.  The results for water and total related substances an shown below.
The solvents content 20 in lots A. B and C includes 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% 11 August 2004
WO 01/62760 PCTIZIS01101229  -9 respectively for these lots and is not a
significant contribution to the total solvents. The  solvents content for
lot D is for water only. The ethanol level in lot D is 0.08%. and is not  a
significant contribution to the total solvents. 5 2.5 hydrate crystalline
form results The solvents (mainly water) content for all lots stored at 5 C
increases over time,  to approximately 21% which indicates the material is
in the heptahydrate form However,  for lot C. only the last time point
showed the material was in the heptahydrate form. The accelerated
conditions for lots A, B and C are 30C, and for lot D is 25C,  10 60%
relative humidity. Only the D lot shows an increase in water content to the
heptahydrate 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 5C did not 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  stood at
accelerated conditions did change significantly over time. The percent
total  related substances for lot D did not increase somewhat over time.
Solvents results Cm percent of total) for the 2.5 hydrate crystalline form
lots stored at 5C. 20 time in  Lot ALot BLot CLot D months 010.211.08.88.5
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 Solvents results On percent of total) for the 2-5
hydrate.crystailine form lots stored at  accelerated conditions. time in
Lot ALot BLot CLot D months 010.211.08.88.5 11 August 2004 WO 01/62760 -10
PCTIUSOI/01229 110.915520.614.0 210.612.9. 19.320.5 310.711517.220.8
6931128.921.2 



Total Related Substances results (in percent of total) for the 25 hydrate
crystalline form  lots sored at 5C. time in monthsLot ALot BLot CLot D
00.240.40.380.31 30.26030.79035 60.270.50.79033 9NIAN/AN/A0.42
120.280.40.510.24 180.40.43 240.40.44 5 Total Related Substances results
(in percent of total) for the 2.5 hydrate crystalline form  lots stored at
accelerated conditions. time in monthsLot ALot BLot CLotD 00.240.40.380.31
10350.40.6031 20.410.70.760.45 30.60.60.790.40 61.11.2133032 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. To test this hypothesis, a laboratory lot of the 2.5
hydrate  crystalline form was converted to the heptahydrate form by placing
the material in an 85%  relative humidity chamber for 3 days. X-ray powder
diffraction data was used to confirm  that the material was in the
heptahydrate form before the stability study was initiated. 15 This
material was put on a laboratory stability study and the results are shown
below. The water content for this lot stored at 5C is approximately 21%,
which indicates  the material is in the heptahydrate form. This value does
not change significantly over 11 August 2004 WO 01/62760 PC /USO1/01229  



-11 tinge and indicates that the heptahydrate  material is stable with
respect to water content at  5C. The accelerated conditions for this lot
are 25C/60% relative humidity and room  humidity. The water content for
material stored at these conditions is approximately 21%, which indicates
the material is in the  heptahydrate  form. This value does not change
significantly over time and indicates that the  heptahydrate  material is
stable with respect to water content at both of these accelerated
conditions. The change in the pervenuotal related substances for this lot,
which was stoned at 10 5C did not change significantly over time. This
indicates that the  heptahydrate mate rigl  is stable and does not degrade
significantly at 5C. The change in the percent total related substances for
this lot; which was stored at  accelerated conditions did not change
significantly over time. This indicates that the  heeptehydrate  material
is stable even at the accelerated conditions and does not degrade  15
significantly. Solvents (water) results for the heptahydrate lot stored at
5C, 25J60% relative  humidity, and 30CJuncontrolled relative humidity. .
TimeSC25C160%RHRThnrcontrolled RH 021.021.021.0 0.25NIA21.1213.
0.521.021.120.8 0.75NIA20.120.6 120.6-20.120.6 221.1`NIA21.1 321.320.721.1
621.121.3 921.1N/A 1221921.7 11 August 2004 



WO 01/62760  PCT/LJS01101229 -12  Total Related Substances results for the
heptahydrate  lot stored at 5C, 25C/60% relative  humidity, and
30C/uncontrolled  relative humidity. Time, mo.5C25CI60%RHT/uncontrolled
o0.410.410.41 0.25NIA0.400.40 0.50.420.440.43 0.75NIA0.390.41 10.430.430.43
20.45NIA0.44 30.420.420.42 60.42G.-4-2 90.40N/A 120.420.39 The present
invention also includes methods employing pharmaceutical 5 formulations
which contain, as the active ingredient, the heptahydrate crystalline farm,
in  association with pharmaceutical carriers. A skilled artisan would know
of such  formulations and their manufacture, see, e.g., Rm inuyro (s
PHARMACE[T.tICALSC eNCBS,  (16th e& 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 term "unit dosage form" refers to physically discrete units
suitable  as unitary dosages for human subjects and other mammals, each
unit containing 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/lrg of body weight. However,  it will be
understood that the amount of the crystal actually administered will be  



determined by a physician, in the light of the relevant chcumstances,
including the  condition to be treated, the chosen route of administration,
the actual crystal administered, 20 the age, weight, and response of the
individual patient, and the seventy 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 11 August 2004 WO 01/62760. PCT/US01/01229
-13- employed without causing any harmful side effect, provided that such
larger doses are fast divided into several smaller doses for administration
throughout the day. The crystals of the present invention can be
administered alone or in the form of a  pharmaceutical composition in
combination with pharmaceutically acceptable comers or  5 excipients ,  the
proportion and nature of which are determined by the solubility ahd
chemical properties of the compound selected, the chosen mute of
administration, and  standard pharmaceutical practice. In another
embodiment, the present invention provides  pharmaeutic al  compositions
comprising a therapeutically effective amount of the c" -stal  in  admixuue
or  10 otherwise in association with one or more pharmaceutically
acceptable carriers or  excipients. The Pharmaceutical compositions are
prepared in a manner well known in the  pharimaceutiical  sit. The carrier
or   xcipient may be a solid, semi-solid, or liquid material,  which can
serve as a vehicle or medium for the active-ingredient Suitable carriers or
15 excipients are well known in the art The ~tical composition may be
adapted for  oral, inhalation, pa=te al, or topical use and maybe
administered to the patient in the  form of tablets, capsules, aerosols,
inhalants, suppositories, solution, suspensions, or the like. The crystals
of the present invention may be administered orally, for ale, 20 with an
inert diluent or with an edible carrier. They may be enclosed in gelatin
capsules or  compressed into tablets. For the purpose of oral, therapeutic
administration, the crystals  



may be incorporated with excipients  and used in the form of tablets,
troches, capsules,  elixirs, suspensions, syrups, wafers, chewing guns and
the like. These preparations  should contain at least 4% of the compound of
the present invention, the active ingredient, 25 but may be varied
depending upon the particular form and may conveniently be between  4% to
about 70% of the weight of the unit The amount of the crystal present in
compositions is such that a suitable dosage will be obtained. Preferred
compositions and  preparations according to the present invention may be
determined by someone one skilled in the art 11 August 2004 WO 01/62760
PCT/US01 /01229 -14 The tablets, pills, capsules, troches and the like may
also contain one or more of  the following adjuvants: binders such as
microcrystalline cellulose, gum tragacanth or  gelatin; excipients  such as
starch or lactose, disintegrating agents such as alginic acid,  Primogel ,
corn starch and the like; lubricants such as magnesium stearate or
Sterotex; 5 glidants such as colloidal silicon dioxide; and sweetening
agents such as sucrose or  saccharin may be added or a flavoring agent such
as peppermint, methyl  salicylate or  orange flavoring. When the dosage
unit form is a capsule, it may contain, in addition to  materials of the
above type, a liquid carder such as polyethylene glycol or a fatty oil.
Other dosage unit forms may-contain other various materials, which modify
the physical 10 form of the dosage unit, for example, as coatings. Thus,
tablets or pills may be coated  with sugar, shellac, or other enteric
coating agents. A syrup may contain, in addition to  the present compounds,
sucrose as a sweetening agent and certain preservatives, dyes and
colorings and flavors. Materials used in preparing these various
compositions should be  pharmaceutically pure and non-toxic in the amounts
used. 15 For the purpose of par+enteral  therapeutic administration, the
crystals of the present  invention may be incorporated 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  and about 50% of the
weight thereof. The amount of the beptahydrate crystalline form  present in
such compositions is such that a suitable dosage will be obtained.
Preferred 



20 compositions and preparations are able to be determined by one sided in
the art. The crystals of the present invention may also be administered by
inhalation, such  as by aerosol or dry powder. Delivery may be by a
liquefied or compressed gas or by a  suitable pump system, which dispenses
do compounds of the present invention or a  formulation thereof.
Formulations for administration by inhalation of compounds of 25 formula
(1) may be delivered in single phase, bi-phasic,  or tri-phasic systems. A
variety of  systems are available for the administration by aerosol of the
compounds of formula (1).  Dry powder formulations we prepared by either
pelletizing or milling the compound of  formula (1) to a suitable particle
size or by admixing the pelletized or milled compound of  formula (1) with
a suitable carrier material, such as lactose and the like. Delivery by 30
inhalation includes the necessary container, activators, valves,
subc.ontainers, and the like. 11 August 2004 WO 01/62760 PCr/uS01101229  -
15 Pzefeaed  aerosol and dry powder formulations for administration by
inhalation can be  determined by one skilled in the art. The crystals of
the present invention may also be administered topically, and when  done so
the carrier may suitably comprise a solution, ointment or gel base. The
base, for 5 example, may compose one or more of the following: petrolatum,
lanolin, polyethylene  glycols, bee wax, mineral oil, diluents such as
water and alcohol, and emulsifiers and  stabilizers. Topical formulations
may contain a concentration of the formula (1) or its  pharmaceutical salt
from about 0.1 to about 10% w/v (weight per unit volume). The solutions or
suspensions may also include one or more of the following  10 adjuvants:
startle diluents such as water for injection, saline solution, such as
sodium  chloride and mannitol, fixed oils, polyethylene glycols, glycerine,
propylene glycol or  other synthetic solvents; antibacterial agents s
uch-as  benzyl alcohol or methyl  paraben;  antioxidants such as ascorbic
acid or sodium  bisulfite; chelating agents such as ethylene
diaminet~etreaceti c acid; buffers such as acetates, citrates or phosphates
and agents for the 15 adjustment of tonicity such as sodium chloride or
dextrose. The  patenteral pr on  can be enclosed in ampoules, disposable
syringes or multiple dose vials mane of glass or  



plastic. The following fozmulation example is illustrative only and is not
intended to limit  the scope of the invention in any way. "Active
ingredient" means the heptahydrate 20 crystalline form. active ingredient
4% (total solution) - ysteine,   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  paewashed,  depyrogenatcd
vials and then stoppered with a prewashed, prized teflon coated 11 August
2004 WO 01/62760 PCTIUS01MI229  -16  stopper. Caps were attached using a
damper. The sterile filtration and dispensing steps  were conducted using a
nitrogen isolator (5% v!v   Oxygen). The solution filled vials were beat
sterlized,  11 August 2004 WO 01/62760 PcrIuso1Ann9  - 17 We claim: 1. A
hydrate crystal f of disodium  N [4- ,7 -dihydro-4-oao-3H
pyrrolo[2,3A-pyAmidin  5-yikhyl)bcnzoyI]-I.-glutamia  acid salt
C9uepshydrate 5 crystalline farm'), having an X- ay diffraction pattern,
which comprises the following  peaks corresponding to d spacing: 7.78 *0.04
A when obtained at 22 2C and ambient %  relative humidity f mm a copper
radiation source. 2. The compound which is  disodimn N (
4[Z-(Z-amino.4,7-dihyd o-4- oaro-3H  10 pyrolo[2,3-Q-pydmidin-5-y1) thyl]be
zoyl]-Ughctamate , heptahydratc  3. The heptahydrate  crystalline form as
claimed in Claim 1, for use in therapy. A process for preparing a
medicament Ong combining the beptahydrate 



15 crystalline form with a buffer in an aqueous solution. 5. A process for
the preparation of a pharmaceutical  foaaumlation of disodium  N-
[4-glutamate, which compdoes. bringing  disodiurn N-[4-[
2-(2-ano.4,7-dihydm-4-  aro-3H 20
p3faolo[2,3.d]pyiimidin-5-ylkfihyl]benzoyl ] . I.glutamate  heptabydratc
into association  with a pharmaceutically acceptable  cm,ier. 6. An article
of manufacture comprising packaging material and a composition  compiling
the hephrhydrate  crystalline form contained within said packaging
material, 25 wherein said irystatline  salt is effective in the fteatment
of cancer and wherein said  packaging material comprises a label which
indicates that said crystalline salt can be used  to treat cancer. 7. The
article of manufacture of Claim 6 wherein the cancer is  elioma,. 11 August
2004 WO 01/62760 PCT/US011o1229  -18 8. A compound as claimed in Claim 1
for the manufacture of a medicament for the  treatment of cancer. 9. A
compound as claimed in Claim 8 wherein the cancer is  mesotheltoma. 10. A
process for preparing the heptahych   to of Claim 1, which comprises
crystallizing disodiu m N [4[2-(2-amino ,7 dihydro-4-0xo-3H-pyrrolo[2.3-d]
pydmidin- $ yl)ethyl]benzoyl ] L-glutamic  acid salt from a sol  5-yl y
l]bmwyl]-I,glut  mic 10 acid, water, and a water miscible solvent; and
drying the crystalline  disodium N-[4-[2-(2,  amino-4,7-dihydm 4-oxo-3H
pyrrolo[2,3-d]-pyfimidin  5-yl) ethyl]benzoyl]-L-glutarmc  acid salt with
humid nitrogen. 11. The process of Claim 10, wherein the solvent is
acetone. 15 


