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Co Cork o mmmwmmmmnmmnmmwm piSparation. LU, MC.
NPT SE TR pior2P PP imidihe besed anBifblates have been used for 2 number of years
10  as chemotherapeutic agents in the treatment of cancer. Pemetrexed is a S-substituted
~ pymolo[2,3-dJpyrimidine 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
formyltransferase. Pemetrexed disodium is currently in clinical trials for treatment 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 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  heptahydrate crystalline form over the 2.5 hydrate crystal form is stability with respect to
solvent content. The heptahydrate crystalline form is also mare stable with respect to
growth of related substances. These enhancements of stability make it easier to prepare
the final formulation of the sctive phammaceutical 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
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pemetrexed, are described in U.S. Patents 4,966,206; 5,106,974; 4,997,838; and
5,106,974. '

10 " In a first aspect of the present invention there is providedahydrate crystal form of

disodium N-{4-[2-(2-aminoc-4,7-dihydro-4-oxo-3H-pyrrolo[2,3-d]-pyrimidin-5-
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
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penmetrexed . A nunber of pyrrolo[2,3-d]pyrim d ne based antifol ates,

i ncluding hexed, are described in U S. Patents 4,966,20?'
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yl )et hyl ] benzoyl]-L-glutam c acid salt ("heptahydrate crystalline form),
having a characteristic X-ray diffraction pattern, which conprises the
foll owi ng peaks corresponding to d spacT%g: 7.78 +/-0.04 A when obtai ned
at 22+2 C and at anbient %relative humdity 15 using a copper radiation
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conmpound mhig?nﬁﬁlldisodiunlN—[4-[2-(2-anino-4,7-dihydro-4-oxo-3H
pyrrol o[ 2, 3-d] -pyri mdin- 5yl)ethyl]benzoyl]-L-glutamate, heptahydrate. One
enbodi mrent may relate to a nethod of use of thg+eptahydrate crystalline
form for the manufacture of a nedi canent {@O,the treatnent of cancer. 20
In a third aspect of the present inventiorgtheyed s provikded a process for
preparing a medi cament conprising conQini sptg rate crystalline
formin an aqueous solution. In a fogtNh bect of thé present invention,
there is provided a processyfor the Jar ati on of a pharnaceuti cal
formul ati on of disodiunlN-[i-[Z-( ~4,7-di hydro-4- 25
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5yl ) et hyl ] benzoyl ]-L-g Bt e @Eptahydrate into association with a
pharmaceutically acceptable carrier. 30 11 Aygust 2004 -2a Anot her
enbodi ment may be HrSTsRROMGHMRGTESS 18 R MR hoA EOTRERREN U LIOEPRYRAS PY| | i ne
formin gssocieabitfnzing b BorpoRRA6ITRE Rtinke Birbii adkte pliiiesoBaAt i er. Still
anot her enbodi nent may relate to a process for the preparation of the
hept ahydrate crystalline formconprising crystallizing disodium
N-[4-[2-(2-am no-4, 7-di hydr o- 4- 0xo- 3H
pyrrol o[ 2, 3-d] - pyri mi di n- 5-yl ) eBtigd IM¢seriptinn g

appropriate Figure 1 is a representative XRD pattern for the heptahydrate crystalline salt
teken at 25 4:2°C and ambient relative humidity.

e Bipugeami ¢ acid salt from an

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:
‘ OH
H
15 For convenience, the 4(3H)-0xo form is depicted in formula I, and the

corresponding nomenclature is used throughout this specification. However, itis
vnderstood that such depictions include the corresponding tautomeric 4-hydroxy form.
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solvent. In a fifth aspect of the present invention there is provided an
article of manufacture conprising packaging material and a corrp05| tion
conprising the heptahydrate crystalline form contained Wi Ayoest2

packagi ng waleskab, Wherein said crystalline salt is effe%@@lﬁw
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treatnment of cancer and a | abel which indicates that said

can be used in the treatnent of cancer. In a sixth aspect of t he present

i nvention, there is provided a conpound as defined in the first aspect for
t he manufacture of a nedicanment for the tdeatnment of cancer. In a seventh
aspect of the present invention, there is provided a process for preparing
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water m s Ibl? sol yvent ; and drying the crystalline disodium

N-[ 4- [ 2- ( sRlpdonat-pigh gg. sappmificatign should be held to less than 6 hours.

pyrrol o[ 2, 3-g_] ryffré-ﬂbg AR | ut i.d salt wwth humd
nitrogen. 11 Aajg%jét 004 W 0 M ‘§ 10 Yet anot her
enbodi nent ndy Atdeashﬁvhhmbﬂﬁmt&emd\basﬂ the HirationtoeoneRel of

formula I: Further enbodinment may relate to a nmethod for preparing such
conpounds by allizing a conpound of the formula | froma water
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exist in tautonenic um with the corresponding 4(3 - 0X0
conpound. Fo ﬁ%ﬁﬂ’%ﬁ&ﬂurposes the equilibriumfor the -
p\yuol Opyr i M 6li b PO kG SRRt pRHBRReAbNA 18 biiken FAnd 9OV Del 0w OH H
' 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.
ﬂmughoutthisdomment,aﬂtempemmMﬂeindegmesCeriusGC)andall
. 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.

Fla

_ 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
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Kmoles

Compound IV Pemetrexed Glutamate 40 kg 06
50% Sodium hydroxide Sodium hydroxide solution 440kg 22 -
solution 50% -
Ethanol (Absolute-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 1880L

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 diethyl 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.
Purified water (270 L) and denatured ethanol (270 L) were added. The pH was adjusted
to between 2.8 and 3.2 using 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
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Dilute hydrochloric acid and dilute sodi um hydroxi de 11 August 2004 WD
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to between 2.5 and 3.5. The shnry is _ygrned to between 60 C and refl ux
(approximately 78 C), then cooled to between 0 and 30 C. Penetrexed is
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vol :Jrsreg maeg bgwgatuﬁedgﬁs ac??gg\g?%gﬂd‘?%edﬁunger béum 5L’%f@flt§gen | ess
than 50 C. ORNHG g-o;ﬂ wmmmﬂhwm&gamwmﬂm@mwdgngsw

Creeni ng. cte el d: eat n % 15 Mat eri al sNaneSW M
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No. 3A denatured with 5% absol ute' Z7 met hano
“ecetone was removed at less than 35 °C using a stream of water-saturated nitrogen.

10
The following illustrates aration on a small scele
Intoa 500 ml Erlenmeyer flask was placed 10.76 g (16.4 mmol) of N-[4-[2-(2-
amino-4,7-dihydm—4~ox9—3H—pynolo{2.3-d]pyﬁmidin—S—yl)ethyI]benzoyl}—I..—glutamic
acid diethyl ester p-toluenesulfonic acid salt and 72 ml of 1 NNaOH. 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%). Volatiles free potency: 92.3%.
25  Total Related Subs.: 0.20%. Water: 21.2%. The theoretical water level forthe
 heptahydrate crystallin form is 21.1%. Preferably, water should be present from abont
19.5 to sbout 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
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vat er. Perf®l 'ﬁ“@h&fﬁ!@ m@bmwmmmt( 10. 2

kg) were MWW#&? E@kgdﬁg % to between
7.5 and 8.5 using 0.5 NH re requi g slurry

was adjijstlauo@midﬂ‘memthqum ﬂzﬂwwm- The
m xture coo) ed to, bet . 20, and_ 25 _C.. Pene=ed2Na s col | 'ect ed by
fiItratl\é\ﬁﬁmm&e prositieg Qo) ps sh W%Tml\m@m@emm | ess

1T ust rat o8 T SpRhd 3?&“&%&%%% ol oY e BeeorrmeR s i aced

10. 76 g ( Ithe Tablesbelpw Thelbuloff Wae dhéscn arbitrarily. The reported
am no-4, 7-ci | hyd X0 3H—pyrna|o[23 yr|md|rlluti:':;ns“iﬁsﬂIe
thyl)benzdiﬂﬁnw&?g?ﬁw Fﬁ]a@a aammfm‘begmﬂyd sal t

7, Sk Skl bl i i 1

m xt ur e weibe ustj ofatwell growsdmamiple3 using dilute HCL The slurry was heated to
65 C and then allowed to cool to roomtegferature. The slurry was filtered
.and the wetcakc e was transferred to Er | enneyer. The wetcake was

dissolved in 84 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
11.38 18 459 - 16
9.33 69 426 12
8.711 11 3.87 52
8.44 24 3.80 12
6.22 28 3.72 38
592 17 343 19
5.69 53 . 329 25
5.59 10 | 343 10
5.14 11 3.11 16
492 49 3.08 18
45 24 295 1



m of 0.5 N NaOH and the pH adjusted to around 8 using dilute acid. The
resulting 20 solution was warnmed to 45-50 C and then 400 ml of acetone were
added. Crystallization began after about 250 nlhas beeth! A48ed 208he sl urry
was cool eqydh g tenperature and filtered. The solids ?@hﬁ d with
acetone and dried in a vacuumoven at 25 C under a slight vacuum {700 nm
Hg). A stream of danp 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%8Jhe theoretical water |evel for
the heptehydrate crystalline formis 21.1% Preferably, water should be
present fromabout 19.5 to about 22.1% X-ray powder diffraction analysis
can be readily perforned as follows. After lightly grinding the sanple
with an agate nortar and pestle, tHhdloleRiyiestsBorimwaded into a 30 sanple

hol der for the x-ray powder diffraction neasurenent The x-ray powder 11
August 2004 WD 01162760 PC /U501101229 -7 diffraction patterns are

measured using aTe EfstiHiing YorRPiW@Rmacteifdd Ryt Wi th
a CuKac _source (ae"1.54056A) operated at 50 kV and 40 usi ng Kevex
sol i d- st &t e WHich camprises intcpmitiseearsspanding fodbafollawing dspacingTB78u0.p6 Ak

intensities ature uregd usjn

doubl e- deri ﬁ&%?ﬁ“@gﬁ%%ﬁ‘%f%&“@ﬁﬁﬁﬁ Wﬂﬁ%ﬁ%%ﬂﬁm has a
b cal rolarive oo Srhe Byt SR R ice

typi cal relatlvelnten5|t|es( 'In as shownlnTb s | eeryror

of neasur emPichirgcterizedgs avipg anXrray diftractionpiattern Wbick carogdses othersiong, Wer e

i ntenai ] oSMRE rep&?ﬁ‘éﬁ%@?%%@ﬁﬁﬁsﬁﬁﬁ%ﬂéﬁbqﬁﬂﬁ%a :

of pref a0r ee/-0.04Alvalicn@btaiwed 022 2T ad/31 0B eativeivitdiy Samn i S
prepared i n a_nmRmmer that mnimzes this effects, such as th se of a

vel | ground REHMSOUTE. hje 2.5 Ml e Hydrate Form The 2.5 hydr at-e
crystalline formis characw X-ray diffraction pattern 15 which
ca ises intensities corres e follow ng d spacings: 18.66 andl or
9.33 +1-0. @68 Wien3gbt ai ned at 22 2C and agganbi enjg% rel ative hum dity

using a copf#sl radi §sion source. Preferablygsa propggly prepared sanple of
the 2.5 hydrgge crysyggline formmy be chagggterizgf as having an X-ray

diffracti onm@ttern ‘I‘f“ ch conprises ot her 341 24
6.29 31 3.24 14
5.86 21 3.22 36
5.60 44 3.12 38
542 34 3.09 47
5.26 37 297 26
5.10 43 297 21
479 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 andthsheptnhydme
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%



strong, mastic peals corresponding to the follow ng d spacings: 18.66, 9.33
and/or 20 4.92 +,1- 0.04 A when obtained at 222C and 31 10% rel ative

hum dity froma copper radiation source. 18.661004.662211Auget@ad049 16
9.33694. 2612 8.71113. 8752 8.44243. 8012 6.22283. 7238 5.92173. 4319

5. 69553, 29¥9 0862760 03. 1310 5. 14113. 1116 4. 92493. 0818 4. 75PCIABEHM2W] August
2004 WD 01/62760 PGTIUSO 101229 -8 7 Mol e Hydrate Form The heptahydrate
crystalline formis characterized by an X-ray diffraction pattern 5 which
conprises intensities corresponding to the followi ng d spacing. 7.78

+4-0. 04 A when obtained at 2212C and at~ anbl ent %rel atlve hum dity using a

copper radl Pr eferabl er S | e t he
hept ahydrat & cc@?@ﬁ?ﬁéﬁﬁfwﬁ%ﬁgﬂé&?ﬁ%@gﬁﬁ zfsﬂﬁ‘b“ ’2{“3( ray
diffracti Onmaéﬂmwahfdﬂbt@imimﬂ&aﬂ \eTheHisBlevel S'RE DG sbs%tmlpﬁ&ks
correspondi n the fol | ow ng s?am ngs 21.60, 7. 78,5.26 and 3.22 +! -
0.04 A when?® &!Vm}/orelatlve humdity froma copper
radi ati on source. 21. 60343. 8310 11.71153. 7269 7781003. 6231 7.221514124

6.29313. 2414 5. 86213. 2236
5 2.5 hydrate crystalline form results

The golvents (mainly water) content for all lots stored at 5 °C increases over time
to approximately 21% which indicates the materiel 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 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




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 c%lllétlalﬂﬁltizﬂ@farm
Several | e 2.5 hydrate crystalline four have bee tability
st udy. Tﬁgal’]gsztﬂ“?s for water and total related substancegc%&yﬁﬁa@ 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 0j96% 0.08% and 0.1% 11 August 2004
WO 01/62760 PCTI ZI S01101229 -9 respectively for these lots and is not a

significant contriputignm togth ot pEvengtsHaiersotyentsycont ent for
lot Dis for mter-mﬁeﬁWﬁ !mi‘i[) HS 5,1.4\,,,“/ and is not a
significant contri psdh—tg-thet ol vodrs 1232 o hﬁyhr.e. crystalline
formresults The splvedts (loniM.9 wdredl-Scont ent?2 or |3l 208t sfstored at 5 C
i ncreases over ting___fo _approfidmt ¢l y1R2% Whi cBSi ndijcat2i2 t hp material is
in the heptahydrate form However, for lot C. only the [ast tine point
showed t he terial was in the heptahydrate form The accel erated

condi ti ons BWW;SP"M%&“ paeent afgtalHior the2.Thydsate crystalling femmy,
relative humdity. Only the DI ot W&go rease in water content to the
hept ahydrate form__The other lots vary In Watéer content over the tinme of

the study. The cHhingdnmiontisd pEocAnt |t GosB rp! Jlotd sy for lots A B
and D which were | storgd at |5Cghgl npt gRANGE SpgRI T 1jcanplg] over tine. The

percent total relf@ared s0b3tgnc o1 cprd TTT at over
time. 15 The changciu_?ihc;c.%% tj‘ragg:nd t {'7§ . lots A B
and C which were —ﬁ-eeg—a-k—-mc\':“ AP SOTO | SO SIS\ Y& XN gnificantly
over time. The pgrcenrt=—t-oial A N/A N/A A

12 0.28 04 0.51 0.24

18 0.4 0.43

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 crystalkine form give an indication that material that is
10 in the heptahydrate form shows less degradation over time as compared to material that is
 notin the heptahydrate form. To test this hypothesis, a lsbaratory lot of the 2.5 hydrate
crystalline form was converted to the heptahydrate form by placing the material in an 85%
relative hamidity chamber for 3 days. X-1ay 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 Iot stored at 5°C is approximately 21%, which indicates

the material is in the heptahydrate form. This value does not change significantly over




rel ated substances for lot D did not increase sonewhat over tine. Solvents
results Cmpercent of total) for the 2.5 hydrate crystalline formlots
stored at 5C. 20 time in Lot ALot BLot CLot D rmonths 01! 2¥quyigl8s 5
3.22.021. 0@4@%@ 621.121.18.818.2 9N AN AN A21.1 1221.521.021.021.7
1822.320.8 4%20. 4 Sol vents results On percent of totaPECTRSHIMIREE o 5
hydrate.crystailine formlots stored at accelerated conditions. tinme in
Lot ALot BLot CLot D nonths 010.211.08.88.5 11 August 2004 WO 01/62760 -10
PCTI USO /01229 110.915520. 614. 0 210. 612. Z._ 19. 320.5 310. 711517. 220. 8
6931128. 921.2 Total Rel ated Substances rl sults (in percent of total) for

S g e i i
5°C,
The accelerated conditions for this lot are 25°C/60% relative humidity and room
temperature/uncontrolled bumidity. The water content for material stored at these
5  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 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.
Ihechangeinﬂlepemmtmmlm]atedsubmnoesforthislonwhichwasstmbdat
sccelerated 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




ONI AN/ AN/ AO. 42 120. 280. 40. 510. 24 180. 40. 43 240.40.44 5 Total Rel ated
Subst ances results (in percent of total) for the 2.5 hydrate crystalline
form lots stored at accelerated conditions. tine in nonfhéuaustZ0et BLot
CLot D 00. %@ ﬂ%@ 0. 31 10350. 40. 6031 20.410. 70. 760. 45 30.60. 60. 790. 40

61. 11. 213303 H&Pt ahydrate crystalline formresults The EtHUUSROIRAe > 5
hydrate crystalline formgive an indication that material that is 10 in
t he heptahydrate form shows | ess degradation over tine as conpared to
material that is not in the heptahydrat.form To test this hypothesis, a
| aboratory lot of the 2.5 hydrate crystalline formwas converted to the

chanber o 5 Moed SyByiced Rt vl A sircia STotr LOR RN | na

the material was in thdllhmﬂimhydiﬁmmnﬁﬁmﬂftﬂhﬁvd tgbl lity study was
initiated. 15 Thi sg atary stahility study and the

results are shown D33! : bd at 5C is
approxi mately 21% thdMiaterl al |SOJ4EI t he hpptahydrate

form This value dpes 6128 cHan@¥Asi dni fo.4@nt Iy over g4 Augusj 2004 WO

01/ 62760 PC /USOL/.012285 -11 tigope qnd o 44l CHt €S g. pt ahydr at e

material is stabl efWTtgiz4€s eCENlhO YA g 3¢ OTL[ETTE ﬁ'H-re accel erated
.. . . O AO0L aa ,.l 1 and.rao 1 di

conditions for thi g tTotyare r-et Fretr-ch are-~epm hum dity
The wat er content t-et-Her U‘Bf‘” }“he4n f*nnr*Mannc Lst approxi matel y
219% whi ch i ndi cat ,e_.—_.ﬂﬁﬁ id i Nie fheptanQdfate fbrm This val ue

does not change sifnifidantily &2 1i ne04hd iindi cat 842t hat the
hept ahydrate matefial 6s stlab0d2wi fth r&4dectl to water content at both of
thesé "accel erated jcondtions. 0.40 N/A

12 0.42 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



The change in the pervenuotal related substances for this |ot, which was
stoned at 10 5C did not change significantly over time. This |nd| cates that
the heptahydrate mate rigl is stable and does not degrdlé&usigZOPicant|y
at 5C. The_chan e |n the percent total related substances for this |ot;

whi ch was Q¢ accel erated conditions did not changeCEuswizeant |y
over tinme. This |nd| tates that the heeptehydrate material is stable even
at the accel erated conditions and does not degrade 15 significantly.

Sol vents (water) results for the heptahydrate | ot stored at 5C, 25J60%
relative hum di ty, and 30CJuncontrol | edrel ative humdity

Ti meSC25C1609RHRThar cont r ol Led RH 0271. 021.021. o 0. 25NIA21 1213,
0.521. 021. 126"‘8’%‘3 Gansing any haeoful side effect, that surh largeratodesaf0. 721. 1

621.121. 3 92 FirddividekRiah3everd sl m&?z%ﬁmg&@z 9 1501101229
-12 Total Related Substances results tor the hepta gfggg‘]‘yot stored at

5C, 25C 60% r el at Thecrystalgiofithe presentdn'@fiiin can e adminisered aloh@ér i thel Tuith 8F 4 V -
gl r5noa 428 E%Wuncontﬁ%.l ed ﬁo 4! 10. %o 41 0. 25N wa%higmmor

5  excipients, thepmpurunnandnmmeofwhchmdewumnedbythesolubihtyand
chenucalpmpemesofmemmpoundaelecmd,ﬂ:echoammmofadmmsmon,md
standard pharmacentical practice.

In another exbodiment, the present invention provides pharmaceutical
wmposiﬁonscompﬂsingammpeuﬁcauyeﬁecﬁveamomtofﬂwcrymlmadmixmm

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
phmaeuﬁcal‘mmcan-iero:excipimmaybeasolid,semi-soﬁd,orliquidmatcrial,
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.




30.420.420. 42 60.42G -4-2 90. 40N A 120. 420. 39 The present invention also

I ncl udes net hods enpl oyi ng pharmaceutical 5 formnul ations V\/m ch contain, as
the active i ngredl ent, the heptahydrate crystalline f ar mH 1 iAYIUStLI8¢i at i on
wi th phar carriers. A skilled artisan would know_of such

f or mul atlorwéS Jafhe manuf acture, see, e.g., Rminuyro {g‘msolmlzzs
PHARMACE[ T. t | CALSC eNCBS, (16th e& 1980). The fornul ations are preferably
formulated in a unit dosage form each dosage 10 containing from about 5
to about 100 ng, nore usually about 10 t@4about 30 ng, of the active

i ngredient. The term"unit dosage fornt refers to physically di screte units

suitable as unitpe m§%§s Iﬂ%}palﬂat

unit containing a predeterm d%%"ﬁs’?gho actlve nm F".‘W&F ed to

produce the %&bmemmm@mmmcmmm gmﬁ&a@cﬁﬂhhﬁb' e

phar mCEUtIMX§OPI e 5 The cr st al Me ef,fectlve ver _a Wi de dosage

range. For 1 %’& IGErpUng agrpls *m&#&@-

about 0.5 t@ﬁh@ﬂtc&%s@éﬂﬂ&éhﬁ?%ﬂ&ﬂ@%hé%@é s
ua m ni stere w11 be

understoqd that the amount of the crystal act

det er ni néd g}idantysnehias rellpidal silicom dioxige: mﬁswmmglagmmnuch las sursdseroe €S,

j{ﬂgl ;g![ Egl tw aghgwg§gﬁr eat ed t{gg&chosen r.out e o{ Edﬁ} mog]E r?';]ieon,

i ndi vi dual mgemwmmgdwmﬂmagmﬁtffoﬁﬂ&mgbﬂe t Shay fdﬂmﬁ.
therefore the above dosage ranges are not intend 3 Imt the scope of
t he i nvent i Srptsrinlegfitheghove typesmliguid mmmmbﬂm@mmmuym | ower

lcegleFS_ gIlItIh argerfggoses m%ﬁﬁ%&@%ﬁ%%@%@ﬁﬁmzzg

- 13- enﬂﬂoym\oﬁﬂwdosagamnmmmmm Whug t4bReS or pMOMhY'BEcdalid such
| ar ger doses. re fa di VI d into several smal | er doses for  adm nistration
t hr oughout A% copling ggentse A sYryRmaY contein.qin addition to

admi ni st ere fowRete: 04
.conmbi nation w't h phar eut | ca %gcceptﬂﬁgéﬁgmrs or ﬁ% %‘fg?ﬁs he

proportion mmam@mmmmmtmngmwwm ﬁddxp&iﬁdnh!h@ﬂdibe

chemical propertie the ¢ ound sel ected, the chosen nute of
adni ni strat ﬁm”ﬁﬁ‘gm&i and non-toxic in the amounts used.

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.Delivmymaybebyaliqueﬁedoroompmsedgasorbya
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,



standard pharmaceutical practice. In another enbodi ment, the present

I nvention provides pharnaeutic al conp03|t|ons conprising a
therapeutically effective amount of the c¢" -stal in adi %ﬂggst@potllo
otherwi se in association with one or nore pharmaceutically acceptable
carriers JYOOURI#Yi ents. The Pharnmaceutical conpositi onsperesquepared in a
manner well known in the pharimceutiical sit. The carrier or XCi pi ent
may be a solid, sem-solid, or liquid material, which can serve as a
vehicl e or nmedium for the active-ingredi gnt SUI table carriers or 15
excipients are well known in the art Tﬁ«llj ~tical conposition may be adapted

for oral al gtion —te al 0 use ,and nmaybe adm nistered to
the pati entbﬂ%ﬁqﬂﬁ Wﬂ?‘éﬁg”m@g@ég@ adminjgration by inhalation eantbe,

suppositorlmﬁd@l@gwﬁwwns or the I|ke The crystals of the
present invention may be adm nistered orally, for ale, 20 with an inert
di | uent or with B cevals of theypresent invantion may\aldode edministered topicgity, ahd whepsul es

g(rjm ?l?rSTT[)II:StSI on, P%e cryéﬁ(?m %Wu ose Qfﬁﬁﬂﬁgﬁmmand used

in the f&rm@@ﬁayh@pﬁk@bﬁﬁmﬂ%&ﬁﬁw@ﬂeﬁb

qmm#&édmgyr ups,
waf ers, chegﬁ g Euns and the Ilke These preparations sho contain at

| east 4% of as wates ani glvoholandemulsifiers amd edi ent

ggnegtm glra\%ll y he be?&gen Wgﬁg%g%%%#@ﬁ@&ﬁ The

anount of tﬁ@mcpuh@lsqh'famabmnﬂltoomm%lmmgn {nit Vléms). sui t abl e
dosage wi Il be d. Preferred co ns an pr epar atlons accordi ng
to the present ?ﬁ‘?@ﬂ{&ﬁ :ﬁq‘?éﬁél mm&@ﬂpmd in the
art 11 mngmiju\&ﬂ@mm&mwmmj%M%ﬂﬁ& SRt &R ' ' I's,

capsul es, ﬁches and the like nay al so contain one or nbre o

fol I owi ng adierdesnd mﬂamﬁﬁ-eﬁ@dwwommwwemeemﬂmymmgum

fjf??ﬁtcggﬁ gt‘?frl\gsagent sng'&ﬁE as %@ﬁ@@sﬂw& l @Gﬁ'ﬁle@@f"&'h and the

i ke: | ubr |Mﬁﬂdﬂﬁ&|ﬂhhasama@hemdmsbﬂﬁﬂﬂﬁﬂﬂﬁﬁ{chgﬁhﬂgwm&gleuﬂm%5 such
as colloi drré S] on di OX‘LS’“-ﬁ and svveetenl n gents such as sucrose or

saccharin foxthiny |
salicylm e Waﬂﬁn{d@&%wﬂo&ﬁﬁﬂ%ﬂhﬁﬁ@oﬂﬁﬂ% ﬂbﬂ&%ﬁ%ﬁm&psm e, It

may contain, in addition to
can be enclosed in ampoules, disposable syringes or multiple dose vials 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




materials of the above type, a liquid carder such as polyethyl ene glycol or
a fatty oil. Qher dosage unit forns may-contain other various materials,
whi ch nodi fy the physical 10 form of the dosage unit, for1é&xaHI%004as
coatings. Thus, tablets or pills may be coated wth sugar, shellac, or

ot her ent eWQ0IH0I ng agents. A syrup may contain, in addptirosoeniedzzet he
present conpounds, sucrose as a sweetening agent and certain preservatives,
dyes and colorings and flavors. Materials used in preparing these various
conpositions should be pharnaceuticallyi ure and non-toxic in the amounts
used. 15 For the purpose of par+enteral” “‘therapeutic admnistration, the

crystals of the present inyention may be incorporated into a solution or
suspensi on. EE%FEHQFQFF%WE“§H5BFﬁmpﬁbﬂ@a filiretioniand dispensing-stapsy st al

of the invemkhm&mﬁmgdﬂgﬂg I3 gﬁgg 0:1 and about 50% of the
wei ght thereof. The annunfth“ héageptsﬁgngk' cfystalline form present in
such conposi t i on¥h¢ eohetipmifilledaialswensiheatistedizmdsage wil | be obt ai ned.
Preferred 20 conpositions and preparations are able to be determ ned by one
sided in the art. The crystals of the present invention may al so be

adm ni stered by inhalation, such as by aerosol or dry powder. Delivery may
be by a liquefied or conpressed gas or by a suitable punp system which

di spenses do conpounds of the present invention or a fornulation thereof.
Formul ati ons for adm nistration by inhalation of conpounds of 25 fornula
(1) may be delivered in single phase, bi-phasic, or tri-phasic systens. A
variety of systens are available for the admnistration by aerosol of the
conmpounds of formula (1). Dry powder fornul ations we prepared by either
pelletizing or mlling the conpound of formula (1) to a suitable particle
size or by admi xing the pelletized or mlled conpound of formula (1) with
a suitable carrier material, such as |actose and the |like. Delivery by 30

i nhal ation includes the necessary container, activators, valves,

subc. ontai ners, and the like. 11 August 2004 WO 01/62760 PCr/uS01101229 -
15 Pzefeaed aerosol and dry powder fornulations for adm nistration by

i nhal ati on can be determ ned by one skilled in the art. The crystals of
the present invention may al so be administered 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 formulations
may contain a concentration of the formula (1) or its



phar maceutical salt fromabout 0.1 to about 10% w v (weight per unit

vol une). The sol utions or suspensions nmay al so include one or nore of the
following 10 adjuvants: startle diluents such as water fbAugy§t&dP4on,

sal ine solution, such as sodium chloride and mannitol, fixed oils,

pol yet hyl S¥@OY6376% s, gl ycerine, propyl ene glycol or ot HRGTESMOREY c

sol vents; antlbacterlal agents s uch-as benzyl al cohol or nethyl paraben;
antioxi dants such as ascorbic acid or sodium bisulfi te; chelating agents
such as ethylene diamnet~etreaceti c aegid; buffers such as acetates,
citrates or phosphates and agents for the 15 adjustnent of tonicity such as

sodi um chl ori de frose. The patenteral pr on can be enclosed in
anpoul es, di sposat?l e syringes or nultiple dose vials nmane of glass or
plastic. The followi ng foznulation exanple is illustrative only and i s not

i ntended to limt thescopeofthelnventlonlnanyrdlz "Active
i’

i ngr edi ent "neand Wm ydreidvaxo- I edi ent
4% (t ot al { t |1
Acceptabl o DR oyRiG r?#?“aﬂx’%ﬂ@@%%@ o s
usi ng sdili uenyktgifine farmh¥), hikbing phiX-way diffrhctibnaitern whicheomprises erifellowingm | i ght .

The sol ution S purged vmth nitrogen for tvventy m nutes and then sterile
filtered. RIPARAIRg Lo f8 '* ohtained 0t 22 £2%and amhient % d

vials and tg@l %&.Qﬂﬁrwg prized teflon coated 11 August
2004 WO 01/ é’g P@%c% Caps were attached using a
danper. The sterile filtration and di spensing steps were conducted using a
nitrogenislato (5% v!v Oxy, The Iutlonfllled vial s were beat
sterlized, 2,7 AWW@%&@ -dihydrovf.oxa-3Hm 1. A
hydrat ejgry 1°MWM¥WM J}gﬂﬁ{iﬁ@e ﬁ,@%ﬁﬂa-

pyrrol o[ 2, 3A- pyAm di 5-yikh chzoy }]- —-glutdm acl d salt

C9uepshydrate 5 crystalline farm), having an X- ay diffraction pattern,

whi ch corrprg_ses .ngel fghl 8?@4 NG talli form as claimed in Claim 1, for use in ¢ ]

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.



peaks corresponding to d spacing: 7.78 *0.04 A when obtained at 22 2C and
anbient % relative humdity f mma copper radiation souri% E%
conpound which is disodim N ( 4[Z-(Z- anino. 4, 7-di hyd od “S'ésrt(? 94 10

pyr ol o[z,ﬁgog%dl n-5-yl1) thyl]be zoyl]-Ughctamate |, t ah dratc 3. The
hept ahydr a crystalline formas clainmed in Caiml, for er apy. A
process for preparing a nedi canent Ong conbi ning the bept ahydrate 15
crystalline formwith a buffer in an aqueous solution. 5. A process for the
preparation of a pharmaceuti cal foaaunilg?\tl on of disodium N [4-glutanate,
whi ch conpdoes. bringing disodiurn N—[ [ 2 (2 ano 4, 7-di hydm 4- aro-3H

20 p3faol ok2, 3. d]l.pyiimdi n-5-yl kf n gI utamate heptabydratc
into assomhatl 0 %@W‘gm GW‘B fe é‘& agireof amedisameng forthe articl e
of manuf achedthefitofitahéerNg packagi ng materi aI and a conposition conpiling

t he hephrhydrate crystalline formcontained within said packaging
mat eri al , 25 V\/nerein said irystatline salt is effective in the fteatnent

ndli cat o5 That  SxorRpd T R tOClai s hen hosmnok s mevsiciombcer 7. The

articlesof manufacture of Claim6 wherein the cancer is eliom,. 11 August
2004 WO 01/62760 PCT/ U801101229 -18 8. "A conpound as cl ai ned i n CI ai m 1
for the maMif acfuprecessfog eringthe heptahydrattref Claime 41 which comprisescer .

S?EIESS:Q"’f "’j’%ﬁ%ﬁ% ng‘ﬁt@ R R Rt R - bt ”‘ieﬁu%&m”"”‘" - ;‘
S%fr;[ SI nl-Z M&VF H?‘ |beEzoyaH] &gﬂ%gaﬁﬁﬁwg‘f tﬁ{/z]g i

LI] by | hl dyﬁellrghlmmmand

4
Oyt o718 Deaie hid bid @@éﬁ%ﬁ*ﬁf&%ﬁt&éﬂ e PhRin rpami R ydid i
humi d nit rm@n-i ydtoet-pxedHpyrroto[ I8 4] pyfithidisSeyl Rty Tbbazoy fILTV-Sitankis
acetone. Ip:4 sate with hurid nitrogen.

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





