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BACKGROUND OF THE INVENTION
1. Field of the Invention
[0001] The present application relates to process of making a pemetrexéd salt, in
particular pemerexe‘d disodium.
2. Description of the Related Art
[0002] Pemetrexed and salts thereof are known as ant_i-fOIate, anti-neoplastic agents. - '
Pemetrexed’'s chemical name is (S)-2-[4-[2-(4-amino-
2-0X0-3,9, 7-triazabicyclo[4.3.0]nona-3, 8, 10-then-9-yl)ethyllbenzoyllamino-

pentanedioic acid and has the following chemical structure:

[0003j The most comfnon salt of pemetrexed is a disodium salt, i‘fe., pemétreXed
disodium. Pemetrexed disodiurh has the chemical name L-Glutamic acid,

| 'N-[4-[2-(2-amino-4,7-dihyd'ro-4-oxo-1H—pyrrolo[2,3-d]pyrimidin—5-y|)ethyl]benzoyl]-,

disodium salt. Pemetrexed disodium heptahydrate is the active ingredient of Eli Lilly -

and Company’s ALIMTA® injectable compsostiion. Pemetrexed disodium

heptahydrate has the following chemical structure:
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[0004] Various methods for prepa.ring pemetrexed and pemetrexéd disodium are
disclosed in the art, such as International Patent Application Publication Nos.

WO2001014379 and WO1999016742.

[0005] However, there is still a need for an improved process of making a pemetrexed

salt.
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SUMMARY OF THE INVENTION
[0006] The present application provides a process of making a pemetrexed salt-

comprising:

a) feacting a compound of formula |l

N\
H,N~ "N” N . . .
H or an acid salt thereof, wherein each of R1 and Rz Is

independentl‘y a C1-Ce alkyl group, with an aqueous basic solution at a temperature of
no more than 10°C to obtain a first mixture comprising the pemetrexed salt;

b) isolati'ng the pemetrexed salt from the first mixture.

. [0007] The step b) may comprise:

b1) adding-an organic anti—solvenf to the first mixture of step a) to f.ornﬁ‘ a second
mixture, ‘ ' ‘

b2) adjusting the pH of the second mixture with_.in a range from about 6.5 to about
9.5 to form a third mixture; ' .

b3) separating the pemextrexed salt from the third mixture.
[0_0‘08] Thé steps b1)-b2) may be conducted at no mofe than 10°C, more preferably no
morel thah 5°C. ' ‘ '
| [0009] Preferably, the ,stép a) is conducted at no more than 5°C.
[0010] The organic anti-solvent may-bé any éuitable organic solvent, preferably a
water miscible solvent, more preferably a SOIQént selec_ted frojn'"‘n 'isdpropanol, propa_n’ol',

acetone, rhéthahol, ethanol, acétonitrile,'TH F, and combinations thereof.

4
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[0011] The acid salt of the compound of formula (Il) may be any suitable salt with at

least one counter anion. For example, the acid salt may be selected from p-TSA

| (p-tbluenesulfonic acid), su,Ifuric-, hydfochléric, hydrobromi.c‘, phosphoric,

‘hypophosphoric, hydroiodic, su_lfarhic, citric, ‘acetic, maleic, rhalic, succinic, ta‘rtark’:," |

cinnamic, benzbic, éscorbic, mandelic, benzensulfonic, methanesulfonic,

trifluoroacetic, hippuric salts, and combinations thereof. Preferably, the acidsaltisa .

p-TSA salt.

| [0012] Each of Ry and R, in formula (If) Is preferably an ethyl group.

[0013] The aqueous basic solution Is preferably sodium hydroxide solution.

[0014] The pemetrexed salt is p(eferably perhetrexed‘disodium.

[0015] The crUde pemetrexed disodium obtéined In accofdan’ce with the '

“above-described process may be further recrystallized, "preferably' at a temperature of

15 to 30°C, more preferably at a temperature of 20- 25T.

[0016] In step b), the pH of the resulting solution is preferably adjusted to from ab0u~t

7.5 to_‘ about 8.5. The pH discussed In the step b) is prefefably adjusted by a pH

adjusting solution, e.g., hydrochloric acid In a suitable sblve’nt, preferably 3 Water

miscible solvent, more preferably a'sol\-/ent selectéd from isopropanol, propa.nol,
~Wéter, acetonitrile, methanol, ethanol, THF, and acetone, more preferably a pH
-adjusting aquedus solution. ‘ |

- [0017] The vérious features of novelty whibh characterize the invention are pointed out
-with particularity in the claims annexed to and forming‘ a part of the disclosure. Fora
-be'tter understanding of the- invention, its operating advantages, "and specific objects

,attain_ed by its use, reference should be had to the descriptive matter in which there

are illustrated and described preferred embodiments of the invention.
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DETAILED DESCRIPTION OF THE PRESENTLY PREFERRED |
EMBODIMENTS | o '

[0018] The‘ following embodiments are provided to further explain, but not to' limit, the

present invention. '

[0019] As discussed .above, the pemetrexed salt is formed from the reaction between

compound of formula (ll) and the basic aqueous solution. For example, the

pemetrexed salt may be di-sodium salt, botassium salt, lithium salt, or calcium sal@.

| [0020] The present application discloses-a method for the preparation of prude

pemetrexed dis;Jdium, which fﬁay be further purified to pemetrexed disodium 2.5 H,O

~ crystalline for'm.-' 'In accordance with an emboidment of the present invention, the ‘
aforesaid preparation method may compris.e a hydrolysis step of formula (ll) to furnish

crude pemetrexed dis’odiufn at a low temperature followed by the addition of IPA and

then the pH is adjusted by adding hydrochloric acid.

X n Hzo

1. PPW, NMT10°C
2. NaOH solution,
NMT10°C
3. Stir to dissolve
4. Charge cool IPA at
NMT 5°C - .
5. AdjustpH=65~9.5
with 1N HCI/ IPA
at NMT 5°C
6. Heat to room temperature
() | 7. Filter - - crude Pemetrexed disodium

[0021]‘In the above Formula (I), each of Ry and R is independently a C1-C6 alkyl ..
group, such as ethyl,. X is a counter anion so that the compound of fdrmulav (II)'is ah B |
' acid salt, such as a p-TSA salt, n represents the number of water, which typically

ranges from 2.5 to 7.0.
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1 0O | nHO 2.5 H,0

CO,Na 1. PPW, about 20°C
| 2. Stir to dissolve

3. Charge IPA

4. hold |

5. Charge IPA

6. Stir

7. Filter

HNT N” N

——

Chemical Formula: CogHgNsNasxOg:

crude Pemetrexed disodium g
. - Molecular Weight: 471.37

Pemetrexed disodium
[0022] In comparsion with the prior art, the embodiments of the present invention
have the fellowing advantages:

1) The reaction of the compound of formula (1) or salt thereof with an
agqueous basic' solution Is preferably conducted at a low temperature, e.d., N0 more
than,10°C, in comparison lvwith the room temperature of WO2001014379 and
| WO1999016742. As shown ih Table 1 shown below, the inventors of the present |
invention unexbect’edly discovered that impurities ean be reduced or minimized by
conducting the reaction at a low temperature. As noted above, after the reaction step,
the low temeeraure is preferably mairltained durihg the stepe of edjuSting‘pH and
adding enti-‘so.vlent. _ . -

2) The anti-sol\rent is preferably added before adjusting the pH value. The
inventors unexpectedly discovered that by doing so; the mixture cen'be diluted by the
" addition of the anti-solvent before the ‘adestivng step, theretore minimizing local heat
effect and formation of impurities. In com‘parison,_.W02001014379 discloees adjusting
~ the pH value before the addition ot an anti-solvent.

3) In accordance with the -present invention, the eorhpound of formula (ll) can
be converted _to a pemetrexed salt (e.g., at a pH of 6.5 to 9.5).' In contrast, the process

of WO1999016472 comprises making pemetrexed free form first (at a pH of about 3),
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and then converting the free form to a selt (at a pH of about 6.5 t0 9.5). The process of
. the present invention is -simpier and more convenient.

_ 4) In accordance with an embodiment of the present invention,-the crude
pemetrexed salt may be crystallized at a room temper_ature;'wherees In aecordance
with W02001 014379, the crystallizing is conducted at about 70°C. The cooling,
heating, and adjusting pH steps of W02001014379 may be avoided in accordance
with the embediment of the present invention. The process of the present invention

can save workup procedures and has better control of impurity.

‘Table 1 The stablhty of pemetrexed dlsodlum in sodium hydroxide at different

temperature
Rex. Temperature -(°C) 1 hr* (%) 2 hr* (%) 4 h* (%) 6 hr (%)
| 5 | ‘ 0.012 0.013 0.035 | 0.066
10 | 0.051 0.053 0.070 0.075
15 ~ 0.076 0.085° | 0.110 0.123

* The content of impurity based on HPLC spectra’s % Area.

- Example 1 Preparation of crude pemetrexed disodium

[0023] N [4-2-(2-Amino-4, /- dlhydro-4 -OXO-

1H-pyrrolo[2,3- -d]pyrimidin-5- yl)ethyl]benzoyl] L-glutamic Acid Dlethyl Ester
4-Methylbenzenesulfonic Acid Salt and purified process water (PPW) (about 10 kg)
are charged to a SUitabIe \'/es‘sel under nitrogen... The reactor is cooled to NMT 10C
—under ni'rrogen. : Pre-ceoled sodium i'iydroxide solution (about 1.5 kg)/PPW (about
“11.4 kKQ) ‘ére added and the temperature is maintained at NMT 10C. The mixture is
stirred at NMT 10‘Cunti_l the solid is dissolved. Pre-cOoIed-isopropanoI (abeut 62.8
kg) is added and the mixture temperature is maintaihed at NMT 5C. Pre-cooled 1 N
hydrochloric acid in isopropanol is added to adjust the qu to 6'.5to'9.5, preferably

between pH 7.5 to pH 8.5, at NMT 5C. The mixture is warmed to a room

R
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témperature (i.e., 15-30C, preferably 20-25C) and stirred. The solids are filtered
and washed with isopropanoI/PPW._ The wet cake is vacuum dried to provide crude

pemetrexed disodium (about 2.30 kg).

Example 2 Puri_ficatioh of crude pemetrexed disodium to pemetrexed disodium

[0024] Crude pemetrexed disodium (about 2.1. kg) and PPW (about 23.3 kg) are

~ charged under nitrogen to a suitable vessel at 15 to 30TC. Isopropanol (about 28.3 kg)
IS addeq slowly to cloud pbint and stirred. Isopropanol (up to about 55 kg) is charged
and stirred. - The solids are filtered and washed with isopropanol/PPW. The wet

~ cake is vacuum dried to provide pemetréxed disodium (about 1.9 kqg) (90% Yiled).

1H NMR (D20): 8 7.51 (2H, d, J=8.0 Hi), 6.98 (2H, d, J=8.0 Hz), 6.12 (1H, s), o
4.26-4.23 (H, m), 3.60-3.54 (4H, m), 2.27-2.23 (2H, m), 2.13-2.08 (1H, m), 2.00-1.94

(1H, m)



1. A process of making a pemetrexed salt comprising:

a) reacting a compound of formula Il

H
N
\/\/002[:?2

CO,R;

O

O
HN |

A\
H N/|\\N N |
: H or an acid salt thereof wherein each of R; and R, is

Independently a C1-C6 alkyl group, with an aqueous basic solution at a temperature of
no more than 10°C to obtain a first mixture comprising the pemetrexed salt;

b1) adding a water-miscible organic anti-solvent to the first mixture of step a) to
form a second mixture;

b2) adjusting the pH of the second mixture within a range from about 6.5 to about
9.5 to form a third mixture;

b3) separating the pemetrexed salt from the third mixture.
2. The process of claim 1 wherein the steps b1)-b2) are conducted at no more than
10°C.
3. The process of claim 1 wherein the steps b1)-b2) are conducted at no more than 5°C.
4. The process of claim 1 wherein the step a) is conducted at no more than 5°C.
5. The process of claim 1 wherein the water-miscible organic anti-solvent Is selected
from isopropanol, propanol, acetone, methanol, ethanol, acetonitrile, THF, and
combinations thereof.

6. The process of claim 1 wherein the acid salt is selected from p-TSA, sulfuric,
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hydrochloric, hydrobromic, phosphoric, hypophosphoric, hydroiodic, sulfamic, citric,
acetic, maleic, malic, succinic, tartaric, cinnamic, benzoic, ascorbic, mandelic,
benzensulfonic, methanesulfonic, trifluoroacetic, hippuric salts or combinations thereof.
/. The process of claim 1 wherein a p-TSA salt of the compound of formula (lf) is used
in the reacting step.

8. The process of claim 1 wherein each of Ry and R; is an ethyl group.

9. The process of claim 1 wherein the agueous basic solution i1s sodium hydroxide

solution.

10. The process of claim 1 wherein the pemetrexed salt is pemetrexed disodium.
11. The process of claim 1 further comprising a step of recrystallizing the pemetrexed
salt isolated from the step b3) at a temperature of 15 to 30°C.

12. A process for preparing a compound of formula (lll)

O H 1 25H0

P
NN
| f{% ' x’ |
(HNTN + B
(1) comprising the steps of:

a) reacting the compound of formula (II') with an aqueous basic solution;

11
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b) adding a water-miscible organic anti-solvent to the resulting solution of step a);
c) adjusting the pH of the resulting solution of step b) to from about 6.5 to about 9.5;

and

d) warming the resulting solution of step c) to 15-30°C and then filtering:

wherein the steps a)-c) are conducted at no more than 10°C.
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