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CLAIMS
What is claimed is:
1. A solid pharmaceutical composition comprising
a) a compound having the formula (I):

NH, . OH
S8
HQN/N\N/ E OH
)

and/or a compound having the formula (II):

NH, OH
N N\ CH,
/“\ = OH
HN N N
H

an
and
b) at least one phosphate salt.
2. The pharmaceutical compogftion of claim 1, wherein the at least one phosphate salt is

a sodium phosphate, a pgtassium phosphate or an ammonium phosphate.

he pharmaceutical composition of claim 2, wherein the phosphate salt is Na,HPO4 « 2
H,0 and wherein the quantity of the Na,HPO, « 2 H,O present in the composition is
chosen such that the molar ratio of the Na,HPO, « 2 H,O to compound (I) or compound
(II) ranges from 0.04 to 0.4.

The pharmaceutical composition of claim 2, wherein the sodium phosphate is

Dl l DL laTh & VAt | 1 - ol ks Fadvk | Dot d o ) 1
INAT DT O 2 T, alltl WITCTUTIT tUIC(QUaItity OT HIT INal U4 % 2 T1 U PITSCIIL I UIC




W0 2015/150294 RCFER

48 o

composition is chosen such that the molar ratio of the NaH,PO, ¢ 2 H,O to compound

() or compound (IT) ranges from 0.01 to 0.09.

6. The pharmaceutical composition of any of claims 1-5, comprising two different

sodium phosphate salts.

7. The pharmaceutical composition of claim 6, wherein the two different

phosphate salts are NaH,PO4 ¢ 2 H,O and Na,HPO,4 * 2 H,O.

8. The pharmaceutical composition of claim 7, wherein the quagfity of the NaH,PO4+2
H,0 and Na,HPO, «2 H,O present in the composition is ¢fosen such that the molar
ratio of both NaH,PO, « 2 H,0 and Na,HPO, * 2 H,0 t¢/compound (I) or compound (ii)
ranges from 0.02 to 0.5.

9. The pharmaceutical composition of any of cjdims 1-8, wherein the compound (I)

and/or the compound (II) are present as the free base.

10.  The pharmaceutical composition gf any of claims 1-9, wherein the pharmaceutical

composition is a lyophilized phdrmaceutical composition.

11. i osition of any of claims 1-10, wherein the compound (1) is a

(Ta).
12.  THe pharmaceutical composition of any of claims 1-11, wherein the compound (II) is a

compound having the formula (I1a):

NH, OH
N7 N\ . s CH,
)]\ 7 OH
H,N N N
H
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14.

15.

16.

17.

18.

19.

20.

21.

22.
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The pharmaceutical composition of any of claims 1-12, wherein the pharmaceutical

composition comprises an additional pharmaceutical excipient.

The pharmaceutical composition of claim 13, wherein the additional pharmaceugfcal

excipient is an inorganic salt.

The pharmaceutical composition of claim 14, wherein the inorganic saf is selected

from MgCl,, CaCl, NH4Cl, KCl, or NaCl.

The pharmaceutical composition of claim 15, wherein the ingfrganic salt is NaCl.

The pharmaceutical composition of claim 16, whereinfhe quantity of the NaCl present
in the composition is chosen such that the molar rgfio of the NaCl to compound (1) or

compound (II) ranges from 1.5 to 4, preferably from 1.8 to 3.7.

The pharmaceutical composition of any gf claims 1-17, wherein the composition

further comprises crystallization watgf.

The pharmaceutical compositigh of any of claims 1-18, wherein the compound (1) is

(6R)-4-Amino-5, 6, 7, 8-tetfahydro-L-biopterin.

The pharmaceutical gbmposition of any of claims 1-19, wherein the compound (1) s

(6S)-4-Amino-5, #, 7, 8-tetrahydro-L-biopterin.

The pharmaceutical composition of claim 21, wherein the quantity of the (6R)-4-
Amino-5, 6, 7, 8-tetrahydro-L-biopterin and the (6S)-4-Amino-5, 6, 7, 8-tetrahydro-L-
biopterin is chosen such that the ratio of the amount of (6R)-4-Amino-5, 6, 7, 8-

tetrahydro-L-biopterin to the (6S)-4-Amino-5, 6, 7, 8-tetrahydro-L-biopterin ranges

from0S5ta? preﬁ:mhlv aronund 1 3
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23.  The pharmaceutical composition of any of claims 1-22, wherein a unit dosage of the
composition contains 650 + 60 mg of the free base of 4-Amino-(6R,S)-5,6,7,8-
tetrahydro-L-biopterin, 140 + 30 mg of water of crystallization, 70 £ 7 mg Na,H
2 H,0, 16.5 £2 mg NaH,PO, - 2 H,0, and 350 + 30 mg NaCl.

24.  The pharmaceutical composition of any of claims 1-22, wherein a unit gésage of the
composition contains 650 + 60 mg of the free base of 4-Amino-(6R,
tetrahydro-L-biopterin, 60 + 50 mg of water of crystallization, 7
H,0, 12 £ 2.5 mg NaH,PO;, - 2 H,0, and 350 + 30 mg NaCl.

7 mg NazHPO4 -2

25. The composition of any of claims 1-24, wherein the copiposition comprises 1, 2, 3, 4,
5, 6, 7, or more additional compounds, wherein the Zdditional compounds are selected
from the group consisting of one or more of the Zompounds selected from the group
consisting of 4-Amino-L-biopterin, (6R,S)-54,7,8-Tetrahydro-L-biopterin, 1-[(6R,S)-
2,4-Diamino-5,6,7,8-tetrahydropteridin-641]propanol, 1-[(6R,S)-2,4-Diamino-5,6,7,8-
tetrahydropteridin-6-yl]propane, (1R,26)-1-[(6R,S)-2-(Acetylamino)-4-amino-5,6,7,8-

tetrahydropterin-6-yl]-1,2-diacetoxy~propane, 2,4-Diamino-7,8-dihydropteridine, 2,4-

Diaminopteridine.

26.  Use of a lyophilized phapaceutical composition of any of claims 1-25 for the

27.  The use of clajh 26, wherein the disease is selected from the group consisting of a
traumatic bp4in injury, non-traumatic brain injury, preferably stoke or meningitis,
elevated/ranial pressure, secondary brain injury.

28. yophilized pharmaceutical composition of any of claims 1-25 for use in the

treatment of a disease.

The lyophilized pharmaceutical composition for use of claim 28, wherein the disease
is selected from the group consisting of a traumatic brain injury, non-traumatic brain
injury, preferably stoke or meningitis, elevated cranial pressure, secondary brain

INUry.
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30. A method for preparing a lyophilized solid pharmaceutical composition comprising
a) a compound having the formula (I):

NH, o OH
N N CH,
)!\ / OH

HNT "N N
M

and/or a compound having the formula (II):

NH, OH
N7 TR N\j/k(CHa
/& P OH
HN N N
H

and

uy
b) at least one phosphate salt and optjgnally NaCl,

the method comprising:

aa)  dissolving the compound o

NH, OH
H
NN
P
HNT NN

¢ formula (IIT) and/or (I1):

HCLx 2 H:0

(1), or

H, OH
/U\ >z OH
D

with a buffer, wherein the buffer comprises the phosphate;
bb)  lyophilization of the solution obtained in aa).
31. A method for preparing an injectable solution comprising:

a) a compound having the formula (I):
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NH, OH
-
N N::ffj\\T/fC*%
/ﬂ\ = OH
HNT NN
@

and/or a compound having the formula (II):

NH, OH
SN CH,
/“\/ OH
HN™ "N N
H

and

ey

b) at least one phosphate salt and optionally NaCl,
the method comprising:
aa)  dissolving the compound of the formula (II}f and/or (II):

NH, M OH
N N CH;
)|\ z OH
HN N ﬁ

X 2HCLx 2 H:0

(1)
witlh/a buffer, wherein the buffer comprises the phosphate;
bb)

cc)

ophilization of the solution obtained in aa);
reconstituting the lyophilisate obtained in bb) in a pharmaceutically acceptable
id for the preparation of an injectable solution, wherein the lyophilisate obtained in

bb) is filled into a vial.

The method of claim 31, wherein the lyophilisate obtained in bb) is filled into a 50 ml
vial,
(i) preferably in an amount about 1-1.5 g, preferably 1.25 g solid formulation; or

G ?rp{—‘prnhlv inan amount about 09-14 g preﬁsmh]v 115 g_gn]id formulation
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33. The method of any of claims 30-32, wherein the buffer in aa) is a sodium hydrogen

phosphate buffer comprising at least one phosphate salt.

34. The method of any of claims 30-33, wherein the buffer in aa) comprises NaOH

sodium hydrogen phosphate buffer and water.

35. The method of claim 34, wherein the NaOH is a 5N NaOH solution.

36.  The method of claim 33, wherein the sodium hydrogen phosphdte buffer is prepared
by separately dissolving NaH,PO, *2 H,O and Na,HPOy,

37.  The method of claim 35, wherein the sodium hydrogfn phosphate buffer has a pH of
7.4 by adding the NaH,PO, * 2 H,O solution to t€ Na,HPO4 * 2 H,O dissolution.

38.  The method of any of claims 30-37, whepfin the buffer comprises 12-16 % (w/w)
NaOH 5N, 8-12 % (w/w) sodium hygfogen phosphate buffer and 74-78% (w/w) water
for injection.

39.  The method of any of claingg 30-38, wherein the solution obtained in aa) is sterile

filtered, preferably with/A4 0.22 um filter.

40. The method of gy of claims 30-39, wherein the buffer has a pH of about §, 9, 10, 11,

12, 13 or 14,

41. The
4,8,6,7,8,9,10or 11 preferably between 6.5-7.6, most preferably 7.4.

thod of any of claims 30-40, wherein the solution in step aa) has a pH of about

The method of any of claims 30-41, wherein buffer is prepared with degassed buffer.

The method of any of claims 30-42, wherein buffer is degassed with nitrogen until the

oxveen contentis < 1.0 ppm
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The method of any of claims 30-43, wherein after the preparation of the solution; the

lyophilisation is started at most 2 hours later.

Use of the lyophilized pharmaceutical composition of any of claims 1-254n the
manufacture of a medicament for treating a subject having closed head injury, elevated

cranial pressure and secondary brain injury.

A method of treating a discase in a subject, compristhg the step of administering a
lyophilized pharmaceutical composition of afy”of claims 1-25 to a subject in need

thereof.

The method of claim 46, whepein the maximal daily dose is 20 mg/kg body weight,
preferably, 17.5, 15.0 ot /2.5, 10, 8.5, 7.5, 5.0, 2.5 mg/kg body weight.

A lyophilized pldrmaceutical composition of any of claims 1 to 25 for use in treating a
disease in_#Subject, said use comprising the step of administering a lyophilized

pharpaéceutical composition of any of claims 1 to 25 to a subject in need thereof.

The lyophilized pharmaceutical composition for use of claim 48, wherein the maximal

daily dose is 20 mg/kg body weight, preferably, 17.5, 15.0 or 12.5, 10, 8.5, 7.5, 5.0,
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CLAIMS

What is claimed is:

A solid pharmaceutical composition comprising

a) a compound having the formula (I):

NH, OH
N CH
N = s
)|\ V OH
HN" "N” °N
H
D

and/or a compound having the formula (II):

NH, OH
N7 N\ CH,
)I\ 7 OH
H,N N N
H

and

(1)

b) at least one phosphate salt.

The pharmaceutical composition of claim 1, wherein the at least one phosphate salt is

a sodium phosphate, a potassium phosphate or an ammonium phosphate.

The pharmaceutical composition of claim 2, wherein the phosphate salt is selected
from the group consisting of NaHPO4 (water free), Na2HPO4 ¢ 2 H,O, NaxHPO4 » 7
H>0, Na2HPO4 * 12 H,0, NaH,PO4 (water free), NaH2PO4 « H>O, NaH,PO4 ¢ 2 H20,
K>HPO4 (water free) KoHPO4 * 3 H2O, KH2PO4 (water free) and mixtures thereof.

The pharmaceutical composition of claim 2, wherein the phosphate salt is NaHPO4 * 2
H>0 and wherein the quantity of the Na,HPO4 ¢ 2 H>O present in the composition is
chosen such that the molar ratio of the Na2HPO4 ¢ 2 H>0 to compound (I) or compound

(IT) ranges from 0.04 to 0.4.
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12.

The pharmaceutical composition of claim 2, wherein the sodium phosphate is
NaH>POg4 2 H>O, and wherein the quantity of the NaH2PO4 ¢ 2 H20O present in the
composition is chosen such that the molar ratio of the NaH>PO4 ¢ 2 H>O to compound

(D) or compound (II) ranges from 0.01 to 0.09.

The pharmaceutical composition of any of claims 1-5, comprising two different

sodium phosphate salts.

The pharmaceutical composition of claim 6, wherein the two different sodium

phosphate salts are NaH>PO4* 2 H,O and Na;HPO4 ¢ 2 H>O.

The pharmaceutical composition of claim 7, wherein the quantity of the NaH,PO4 2
H>0 and NaHPO4 * 2 H>O present in the composition is chosen such that the molar
ratio of both NaH,PO4 ¢ 2 H>O and NaoHPO4 ¢ 2 H>0 to compound (I) or compound (ii)
ranges from 0.02 to 0.5.

The pharmaceutical composition of any of claims 1-8, wherein the compound (I)

and/or the compound (II) are present as the free base.

The pharmaceutical composition of any of claims 1-9, wherein the pharmaceutical

composition is a lyophilized pharmaceutical composition.

The pharmaceutical composition of any of claims 1-10, wherein the compound (I) is a

compound having the formula (Ia):

NH, H OH
R.S s CH
N7 N > CH,
P OH
H,N N N
H

(Ia).
The pharmaceutical composition of any of claims 1-11, wherein the compound (II) is a

compound having the formula (ITa):
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14.

15.

16.

17.

18.

19.

20.

21.

NH, OH
s CH
NT N\ R 3
)|\ 7 OH
HN N N
H

(Ila).

The pharmaceutical composition of any of claims 1-12, wherein the pharmaceutical

composition comprises an additional pharmaceutical excipient.

The pharmaceutical composition of claim 13, wherein the additional pharmaceutical

excipient is an inorganic salt.

The pharmaceutical composition of claim 14, wherein the inorganic salt is selected

from MgCl, CaClz, NH4Cl, KCl, or NaCl.

The pharmaceutical composition of claim 15, wherein the inorganic salt is NaCl.

The pharmaceutical composition of claim 16, wherein the quantity of the NaCl present
in the composition is chosen such that the molar ratio of the NaCl to compound (I) or

compound (II) ranges from 1.5 to 4, preferably from 1.8 to 3.7.

The pharmaceutical composition of any of claims 1-17, wherein the composition

further comprises crystallization water.

The pharmaceutical composition of any of claims 1-18, wherein the compound (I) is

(6R)-4-Amino-5, 6, 7, 8-tetrahydro-L-biopterin.

The pharmaceutical composition of any of claims 1-19, wherein the compound (I) is

(6S)-4-Amino-5, 6, 7, 8-tetrahydro-L-biopterin.
The pharmaceutical composition of any of claims 1-20, wherein the compound (I) is a

diastereomeric mixture that comprises more (6R)-4-Amino-5, 6, 7, 8-tetrahydro-L-

biopterin than (6S)-4-Amino-5, 6, 7, 8-tetrahydro-L-biopterin.
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22.

23.

24.

25.

26.

The pharmaceutical composition of claim 21, wherein the quantity of the (6R)-4-
Amino-5, 6, 7, 8-tetrahydro-L-biopterin and the (6S)-4-Amino-5, 6, 7, 8-tetrahydro-L-
biopterin is chosen such that the ratio of the amount of (6R)-4-Amino-5, 6, 7, 8-
tetrahydro-L-biopterin to the (6S)-4-Amino-5, 6, 7, 8-tetrahydro-L-biopterin ranges
from 0.5 to 2, preferably around 1.3.

The pharmaceutical composition of any of claims 1-22, wherein a unit dosage of the
composition contains 650 + 60 mg of the free base of 4-Amino-(6R,S)-5,6,7,8-
tetrahydro-L-biopterin, 140 + 30 mg of water of crystallization, 70 £ 7 mg Na,HPOj, -
2 H>0, 16.5 £ 2 mg NaH>POy4 - 2 H>O, and 350 + 30 mg NaCl.

The pharmaceutical composition of any of claims 1-22, wherein a unit dosage of the
composition contains 650 + 60 mg of the free base of 4-Amino-(6R,S)-5,6,7,8-
tetrahydro-L-biopterin, 60 + 50 mg of water of crystallization, 70 + 7 mg Na;HPO4 - 2
H»0, 12 + 2.5 mg NaH>PO4 - 2 H>0, and 350 £+ 30 mg NaCl.

The composition of any of claims 1-24, wherein the composition comprises 1, 2, 3, 4,
5, 6, 7, or more additional compounds, wherein the additional compounds are selected
from the group consisting of one or more of the compounds selected from the group
consisting of 4-Amino-L-biopterin, (6R,S)-5,6,7,8-Tetrahydro-L-biopterin, 1-[(6R,S)-
2,4-Diamino-5,6,7,8-tetrahydropteridin-6-yl]propanol, 1-[(6R,S)-2,4-Diamino-5,6,7,8-
tetrahydropteridin-6-yl]propane, (1R,2S)-1-[(6R,S)-2-(Acetylamino)-4-amino-5,6,7,8-
tetrahydropterin-6-yl]-1,2-diacetoxy-propane, 2,4-Diamino-7,8-dihydropteridine, 2,4-

Diaminopteridine.

A method for preparing a lyophilized solid pharmaceutical composition comprising

a) a compound having the formula (I):

NH OH

i CH
N = &
)|\/ OH
H_N N N

= H

@

and/or a compound having the formula (II):
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NH OH

2
N NiT/l\T/CHg
)l\/ OH
N

HNT NN
(I

and
b) at least one phosphate salt and optionally NaCl;
the method comprising:

5 aa) dissolving the compound of the formula (III) and/or (II):

NH, OH
N CH
N\N 3
M OH
HNT N7 °N
H

X2 HCLx 2 H:0

(III), or

NH, OH
XN CH,
)l\/ OH
HN" "N” °N
H
)

with a buffer, wherein the buffer comprises the phosphate;
bb)  lyophilization of the solution obtained in aa).
10
27. A method for preparing an injectable solution comprising:

a) a compound having the formula (I):

NH, OH
N CH
NN 3
)|\ Z OH
H,N N N
H
€))

and/or a compound having the formula (II):

NH, OH
XN CH,
)I\/ OH
HN" "N” °N
H

15 D
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29.
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31.

and
b) at least one phosphate salt and optionally NaCl;
the method comprising:
aa) dissolving the compound of the formula (III) and/or (1I):

NH, OH
N CH
N = N 3
- OH
HNT N7 °N
H

x2HCLx 2 H:0

(III), or

NH, OH
XN CH,
)I\ Z OH

HN" "N” °N
H
ey

with a buffer, wherein the buffer comprises the phosphate;
bb)  lyophilization of the solution obtained in aa);
cc)  reconstituting the lyophilisate obtained in bb) in a pharmaceutically acceptable
fluid for the preparation of an injectable solution, wherein the lyophilisate obtained in

bb) is filled into a vial.

The method of claim 27, wherein the lyophilisate obtained in bb) is filled into a 50 ml
vial,

(i) preferably in an amount about 1-1.5 g, preferably 1.25 g solid formulation; or

(ii) preferably in an amount about 0.9-1.4 g, preferably 1.15 g solid formulation.

The method of any of claims 26-28, wherein the buffer in aa) is a sodium hydrogen

phosphate buffer comprising at least one phosphate salt.

The method of any of claims 26-29, wherein the buffer in aa) comprises NaOH,

sodium hydrogen phosphate buffer and water.

The method of claim 30, wherein the NaOH is a SN NaOH solution.
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32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

The method of claim 29, wherein the sodium hydrogen phosphate buffer is prepared
by separately dissolving NaH2PO4 ¢ 2 H>O and Na,HPO4 * 2 H>O.

The method of claim 31, wherein the sodium hydrogen phosphate buffer has a pH of
7.4 by adding the NaH>PO4 ¢ 2 H>O solution to the Na2HPO4 ¢ 2 H>O dissolution.

The method of any of claims 26-33, wherein the buffer comprises 12-16 % (w/w)
NaOH 5N, 8-12 % (w/w) sodium hydrogen phosphate buffer and 74-78% (w/w) water

for injection.

The method of any of claims 26-35, wherein the solution obtained in aa) is sterile

filtered, preferably with a 0.22 pm filter.

The method of any of claims 26-35, wherein the buffer has a pH of about 8, 9, 10, 11,
12, 13 or 14.

The method of any of claims 26-6, wherein the solution in step aa) has a pH of about

4,5,6,7,8,9,10 or 11 preferably between 6.5-7.6, most preferably 7.4.

The method of any of claims 26-37, wherein buffer is prepared with degassed buffer.

The method of any of claims 26-38, wherein buffer is degassed with nitrogen until the

oxygen content is < 1.0 ppm.

The method of any of claims 26-39, wherein after the preparation of the solution; the

lyophilisation is started at most 2 hours later.
Use of the lyophilized pharmaceutical composition of any of claims 1-25 in the

manufacture of a medicament for treating a subject having closed head injury, elevated

cranial pressure and secondary brain injury.
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