(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

World Intellectual P <
O remiation = ‘OO 00 0RO T
International Bureau —/) (10) International Publication Number
(43) International Publication Date = WO 2018/178141 A1

04 October 2018 (04.10.2018) WIPOIPCT

(51) International Patent Classification:
CO7D 475/04 (2006.01) A61P 25/24 (2006.01)
A61P 7/06 (2006.01) A61P 9/00 (2006.01)
A61P 3/02 (2006.01) AG61P 25/28 (2006.01)
A61K 31/522 (2006.01) A61P 19/10(2006.01)

(21) International Application Number:
PCT/EP2018/057900

(22) International Filing Date:
28 March 2018 (28.03.2018)

(25) Filing Language: English
(26) Publication Language: English

(30) Priority Data:
17164349.7 31 March 2017 (31.03.2017) EP

(71) Applicant: MERCK PATENT GMBH [DE/DE]; Frank-
furter Strasse 250, 64293 Darmstadt (DE).

(72) Inventors: MOSER, Rudolf; Lahnhalde 11, 8200
SCHAFFHAUSEN (CH). GROEHN, Viola; Neuwingert-
strasse 9, 8447 DACHSEN (CH). BLATTER, Fritz; Oerin-
strasse 67, 4153 REINACH (CH). SZELAGIEWICZ,
Martin; Hohe Winde-Strasse 151, 4059 BASEL (CH).
BOEHNI STAMM, Ruth; Zollikof 8, 8260 STEIN AM
RHEIN (CH). RUETTIMANN, Markus; Mattenbach-
strasse 45, 8400 WINTERTHUR (CH). LAPADULA,
Giuseppe; Sierenzerstrasse 9, 4055 BASEL (CH).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ,BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA,CH, CL,CN, CO,CR, CU, CZ, DE, DJ, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IR, IS, JO, JP, KE, KG, KH, KN, KP,
KR,KW,KZ,LA,LC,LK,LR,LS,LU,LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Published:
—  with international search report (Art. 21(3))

(54) Title: CRYSTALLINE SODIUM SALT OF 5-METHYL-(6S)-TETRAHYDROFOLIC ACID

(57) Abstract: The present invention is directed to a crystalline sodium salt of 5-methyl-(6S)- tetrahydrofolic acid wherein the molar
ratio of 5-methyl-(6S)-tetrahydrofolic acid to sodium is from 1:0.5 to 1:1.5 (in mol/mol) and/or hydrates and/or solvates thereof, as
O well as, a processes of obtaining the same.

2018/1-78141 A1 | IV 000 00O 0 I



10

15

20

25

30

WO 2018/178141 -1- PCT/EP2018/057900

Crystalline sodium salt of 5-methyl-(6S)-tetrahydrofolic acid

The present invention is directed to a crystalline sodium salt of 5-methyl-(6S)-
tetrahydrofolic acid, (N-[4-[[(2-amino-1,4,5,6,7,8-hexahydro-5-methyl-4-0x0-(6S)-
pteridinyl)methyl]lamino]benzoyl]-L-glutamic acid, herein abbreviated as MTHF, and a

process of obtaining the same.

Tetrahydrofolates are predominantly used as 5-formyltetrahydrofolic acid and the
salts thereof (leucovorin and levoleucovorin), as 5-methyltetrahydrofolic acid and the
salts thereof (Metafolin®), or as 5,10-methylenetetrahydrofolic acid and the salts
thereof (Modufolin®) for the treatment of megaloblastic folic acid anaemia, as an
antidote for increasing the compatibility of folic acid antagonists, particularly of
aminopterin and methotrexate in cancer therapy ("antifolate rescue"), for increasing
the therapeutic effect of fluorinated pyrimidines and for the treatment of autoimmune
diseases such as psoriasis and rheumatoid arthritis, for increasing the compatibility
of certain antiparasitic for mutations, for instance trimethoprim-sulfamethoxazole, and

for reducing the toxicity of dideazatetrahydrofolates in chemotherapy.

5-Methyltetrahydrofolic acid is used in particular as a drug and as a food additive, as
a vitamin preparation, for the prevention of neural tube defects, for the treatment of
depressive illnesses, and for influencing the homocysteine level.

5-Methyltetrahydrofolic acid and salts thereof are extremely unstable and in particular
are highly susceptible to oxidation [see also A.L. Fitzhugh, Pteridines 4 (4), 187-191
(1993) in this respect] and are therefore difficult to produce at a level of purity which
is acceptable for a pharmaceutical active ingredient or a food additive.

Various methods, such as excluding oxygen as completely as possible or the
addition of antioxidants such as ascorbic acid or reduced L-glutathione, have been
employed in order to overcome the instability of 5-methyltetrahydrofolic acid.

US 6,441,168 B1 discloses alkaline earth salts of 5-methyltetrahydrofolic acid,
particularly the calcium salt, its crystallization and its use. The crystalline calcium salt
of 5-methyl-(6S)-tetrahydrofolic acid exists in four different crystalline modifications.
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The drawback of the calcium salt of 5-methyl-(6S)-tetrahydrofolic acid is that it exists
in four modifications, since the process of manufacturing each of which has to be
controlled very precisely. Additionally, the solubility of said calcium salt of 5-methyl-
(6S)-tetrahydrofolic acid in water is relatively poor, possibly leading to a reduced
bioavailability and a limitation to its applicable form of use. Also a low solubility is
resulting in low time-volume yields when needing to dissolve such compound for
further processing e.g. a purification by recrystallization. Additionally the crystalline
salts of 5-methyl-(6S)-tetrahydrofolic acid of US 6,441,168 B1 also are having a
water of crystallization of at least one equivalent per equivalent of 5-
methyltetrahydrofolic acid.

New crystal forms of a pharmaceutically useful compound offer an opportunity to
improve the performance profile of a pharmaceutical and/or vitamin/medical food
products. It widens the reservoir of materials a formulation scientist has available for

designing new dosage forms with improved characteristics.

The technical problem underlying the present invention is the provision of a
crystalline form comprising 5-methyl-(6S)-tetrahydrofolic acid which overcomes the
drawbacks of the crystalline calcium salt of 5-methyl-(6S)-tetrahydrofolic acid known
in the art.

Additionally, new crystalline forms often show desired different physical and/or
biological characteristics, which may assist in the manufacture or formulation of the
active compound, to the purity levels and uniformity required for regulatory approval.

For the sake of stability of the reduced folates it is always the aim to provide a
compound which has a low water absorption upon storage and which can be dried

sufficiently during manufacturing.

The technical problem is solved by a crystalline sodium salt of 5-methyl-(6S)-
tetrahydrofolic acid wherein the molar ratio of 5-methyl-(6S)-tetrahydrofolic acid to

sodium is from 1:0.5 to 1:1.5 (in mol/mol) and/or hydrates and/or solvates thereof.

The solid form of the present invention possesses improved pharmacological
characteristics, for example, improved bioavailability, thus offering enhanced
possibilities to modulate and design improved drug products.
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Additionally, only one crystalline modification of sodium salt of 5-methyl-(6S)-
tetrahydrofolic acid exists, thus, leading to an improved process of obtaining the

same.

Even further the crystalline sodium salt of 5-methyl-(6S)-tetrahydrofolic acid of the
present invention shows unexpectedly superior long-term stability when compared to
the previously known crystalline calcium salt of 5-methyl-(6S)-tetrahydrofolic acid.
The improved stability of the crystalline sodium salt of 5-methyl-(6S)-tetrahydrofolic
acid of the present invention could lead to an increased shelf life, less stringent
storage conditions and/or more convenient/expensive prerequisites over the supply
chain.

Additionally the crystalline sodium salt of 5-methyl-(6S)-tetrahydrofolic acid of the
present invention shows an increased solubility and especially an increased kinetic
solubility against 5-methyl-(6S)-tetrahydrofolic acid and respective salts thereof
known in the state of the art. The increased solubility and especially an increased
kinetic solubility of the crystalline sodium salt of 5-methyl-(6S)-tetrahydrofolic acid of
the present invention could lead to different processing parameters such as e.g.
shorter dissolution times and thereby less oxidative stress to the product and/or
finally even other application forms such as rapidly soluble powders.

Preferably, the crystalline salt has a molar ratio of 5-methyl-(6S)-tetrahydrofolic acid
to sodium from 1:0.75 to 1:1.25 (in mol/mol).

In a further preferred embodiment the crystalline salt has a molar ratio of 5-methyl-
(6S)-tetrahydrofolic acid to sodium of approximately 1:1 (in mol/mol).

Preferably, the crystalline salt of the present invention is the sodium salt of 5-methyl-
(6S)-tetrahydrofolic acid and has a PXRD pattern with at least one characteristic
peak (expressed in 26 £ 0.2° 26 (CuKa radiation)) at 6.5, 10.2, 13.1, 15.3, 17.9, 20.5,
and 22.0.

Even more preferred, the crystalline salt of the present invention is the sodium salt of
5-methyl-(6S)-tetrahydrofolic acid and has a PXRD pattern with at least two, even
more preferred at least three, most preferred at least four, preferably at least five,
more preferred at least six and most preferred all of the characteristic peaks
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(expressed in 20 + 0.2° 26 (CuKa radiation)) at 6.5, 10.2, 13.1, 15.3, 17.9, 20.5, and
22.0.

Even more preferred, the crystalline salt of the present invention is the sodium salt of
5-methyl-(6S)-tetrahydrofolic acid and has a PXRD pattern with at least one
characteristic peak (expressed in 26 + 0.2° 20 (CuKa radiation)) at 6.5, 10.2, 12.5,
13.1,14.8,15.1,15.3, 16.1,17.2,17.9, 20.4, 20.5, 21.2, 22.0, 22.5, and 27.2.

Preferably, the crystalline salt of the present invention is the sodium salt of 5-methyl-
(6S)-tetrahydrofolic acid and has a PXRD pattern with at least two, even more
preferred at least three, most preferred at least four, preferably at least five, more
preferred at least six and most preferred all of the characteristic peaks (expressed in
26 £ 0.2° 26 (CuKa radiation)) at 6.5, 10.2, 12.5, 13.1, 14.8, 15.1, 15.3, 16.1, 17.2,
17.9,20.4, 20.5, 21.2, 22.0, 22.5, and 27.2 and most preferred has a PXRD pattern

substantially as shown in Figure 1.

Preferably, the crystalline sodium salt of 5-methyl-(6S)-tetrahydrofolic acid is a
crystalline monosodium salt of 5-methyl-(6S)-tetrahydrofolic acid.

Even more preferred, the water content of the crystalline sodium salt of 5-methyl-
(6S)-tetrahydrofolic acid is less than 5 wt-%, preferably less than 3 wt-%, more
preferably less than 1 wt-%. Especially preferred is the crystalline sodium salt of 5-
methyl-(6S)-tetrahydrofolic acid an anhydrous crystalline sodium salt of 5-methyl-
(6S)-tetrahydrofolic acid and most preferred an anhydrous crystalline monosodium
salt of 5-methyl-(6S)-tetrahydrofolic acid.

A further aspect of the invention is the crystalline sodium salt of 5-methyl-(6S)-
tetrahydrofolic acid having a Raman spectrum with least one characteristic peak
(expressed in wavenumbers, cm™', with an experimental uncertainty of + 1-2 cm) at:
3079, 3036, 2991, 2962, 2941, 2927, 2902, 2852, 1674, 1608, 1570, 1527, 1483,
1466, 1446, 1415, 1321, 1302, 1274, 1243, 1224, 1193, 1168, 1059, 1019, 947, 898,
854, 810, 775, 648, 637, 510, 479, 415, 378, 284, 260 and 196 cm™.

Yet a further aspect of the invention is the crystalline sodium salt of 5-methyl-(6S)-
tetrahydrofolic acid which exhibits a Raman spectrum substantially as depicted in

Figure 6.
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A further aspect of the present invention is a process for obtaining the crystalline
sodium salt of 5-methyl-(6S)- tetrahydrofolic acid according to the present invention
comprising the steps of:

a) providing of 5-methyl-(6S)-tetrahydrofolic acid, optionally in a suitable solvent or a
mixture of solvents;

b) adding sodium hydroxide to the composition of step a);

c) optionally adding a solvent, a mixture of solvents and/or a co-salt former to the
composition of step b), or adding the composition of step b) to a solvent, a mixture of
solvents and/or a co-salt former;

d) crystallizing;

e) optionally adding more solvent or mixture of solvents; and

f) isolating the obtained solid.

Preferably, the molar ratio of 5-methyl-(6S)-tetrahydrofolic acid and sodium hydroxide
in step b) is in the range of from 1:0.5 to 1:1.5 and even more preferred from 0.9 to
1.5.

In a further preferred embodiment, the molar ratio of 5-methyl-(6S)-tetrahydrofolic
acid and the co-salt former in step c) is in the range of from 1:0.5 to 1:3, preferably in
the range of from 1:0.9 to 1:2.5, even more preferred about 1:2.

Preferably, the solvent and/or mixtures of solvents according to step a), ¢) and/or €)
is selected from the group consisting of water, water-soluble alcohols, methanol,
ethanol, isopropanol, n-propanol, acetonitrile, tetrahydrofuran, acetone, methyl ethyl

ketone, methyl isobutyl ketone, benzylalcohol, and mixtures thereof.

Preferably, the ratio of water to the solvent and/or mixtures of solvents in step d)

and/or e) is 1:5 v/v or lower. More preferred is the ratio of water to the solvent and/or
mixtures of solvents in step d) and/or e) 1:6 v/v or lower and even more preferred 1:7
v/v or lower. A higher water content in the solvent and/or mixtures of solvents in step

d) and/or e) is resulting in lower crystallization yields.

A co-salt former as used herein is a chemical substance that facilitates the formation
of the crystalline sodium salt according to the present invention. Co-salt formers
according to the present invention are typically organic bases that are sufficiently
soluble in the process solvents so that they are removed in the filtration step or can
be easily washed off after filtration.
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Preferably, the co-salt former in step ¢) is an organic base with a pKa value from 6 to

11 and even more preferred with a pKa value from 7 to 10.

In a further preferred embodiment, the co-salt former of step c) is selected from the
group consisting of 4-(2-hydroxyethyl)-morpholine, 1-(2-hydroxyethyl)-pyrrolidine,
imidazole, 2-dimethylaminoethanol, tert-butylamine, and mixtures thereof.

In a preferred embodiment, in step d) the temperature is at least 30 °C, preferably at
least 40 °C, even more preferred at least 50 °C, more preferred at least 60 °C, further

preferred at least 70 °C and most preferred at least 75 °C.

Preferably, in step a), b), ¢) and/or d) seed crystals are added. Even more preferred

the seed crystals are the desired sodium salt of 5-methyl-(6S)-tetrahydrofolic acid.

A further aspect of the present invention is a pharmaceutical composition, food
additive, vitamin and/or other preparation comprising the crystalline sodium salt of 5-
methyl-(6S)-tetrahydrofolic acid according to the present invention and optionally one
or more acceptable excipients and the use of the crystalline sodium salt of 5-methyl-
(6S)-tetrahydrofolic acid according to the present invention as constituent for the

production of drugs and/or food additives.

The crystalline sodium salt of 5-methyl-(6S)-tetrahydrofolic acid of the present
invention for use in homocysteine-lowering, the treatment of anemia, neural tube
defects, cardiovascular diseases, depression, Alzheimer’s disease, cognitive
impairment and osteoporosis and/or dietary management of low plasma and/or low
red blood cell folate and/or low cerebrospinal fluid folate and/or low peripheral or

central nervous system folate is also part of the present invention.

Surprisingly, the crystalline sodium salt of 5-methyl-(6S)-tetrahydrofolic acid of the
present invention has an improved kinetic solubility compared with the crystalline
calcium salt disclosed in US 6,441,168 B1. The measurement of the kinetic solubility

was conducted as described in the experimental part.

The solubility of the crystalline sodium salt of 5-methyl-(6S)-tetrahydrofolic acid of the
present invention in water (room temperature) is greater than 25 mg per 1 ml of
water, whereas the calcium salt exhibits a solubility being considerably smaller than

10 mg per 1 ml of water.
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Due to the higher solubility of the sodium salt of the present invention the
bioavailability is better. This results in oral dosage forms, in which the amount of the
active ingredient can be reduced, without diminishing the effectivity of the
medicament or food additive.

Moreover, dynamic vapor sorption analysis (DVS) is a suitable method for
investigating the hygroscopic properties and drying properties of a solid substance.

The crystalline sodium salt of 5-methyl-(6S)-tetrahydrofolic acid of the present
invention can be dried sufficiently, so that after ten hours of nitrogen purge water can
essentially be removed (Example 8, Figure 2). Contrary thereto, the calcium salt of 5-
methyl-(6S)-tetrahydrofolic acid still has a water content of 6 to 7% (Example 9,
Figure 3). The crystalline sodium salt of 5-methyl-(6S)-tetrahydrofolic acid of the

present invention can be dried more easily.

Moreover, the change of the water content within the most relevant range of relative
humidity between 20 % and 75 % is about 1.7% for the crystalline sodium salt of 5-
methyl-(6S)-tetrahydrofolic acid of the present invention (Example 10, Figure 4). The
calcium salt of 5-methyl-(6S)-tetrahydrofolic acid has a change of water content of
about 3.5% (Example 11, Figure 5). Thus, the crystalline sodium salt of 5-methyl-
(6S)-tetrahydrofolic acid of the present invention is less hygroscopic which is

desirable.

Additionally, the molecular weight of the sodium salt of 5-methyl-(6S)-tetrahydrofolic
acid of the present invention is significant lower compared with the calcium salt of 5-
methyltetrahydrofolic acid disclosed in US 6,441,168 B1. A dosage form comprising
the sodium salt of 5-methyl-(6S)-tetrahydrofolic acid of the present invention is
having a lower weight compared with one comprising the calcium salt of 5-
methyltetrahydrofolic acid containing an equivalent amount of the active substance.
Thus, e.g. lighter and smaller tablets can be manufactured which is advantageous for

patients like children, since said tablets can be swallowed more easily.

Pharmaceutical compositions according to the present invention can be applied for
all modes of administration, preferably for oral, parenteral, intramuscular, intraspinal,

intrathecal, peridontal, topical or rectal administration.
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In summary, the profile of properties offered by the crystalline sodium salt of 5-
methyl-(6S)-tetrahydrofolic acid of the present invention is advantageous for use in
medicaments or as food additive.

Experimental

Powder X-ray diffraction

Stoe Stadi P equipped with a Mythen1K Detector; Cu-Ka1 radiation; standard
measurement conditions: transmission; 40 kV and 40 mA tube power; curved Ge
monochromator; 0.02°28 step size, 48 s step time, 1.5-50.5°26 scanning range;
detector mode: step scan; 1°20 detector step; standard sample preparation: 10 to 20
mg sample was placed between two acetate foils; sample holder: Stoe transmission
sample holder; the sample was rotated during the measurement. All sample

preparation and measurement was done in an ambient air atmosphere.

TG-FTIR

Thermogravimetric measurements were carried out with a Netzsch Thermo-
Microbalance TG 209 coupled to a Bruker FTIR Spectrometer Vector 22 (sample
pans with a pinhole, N2 atmosphere, heating rate 10 K/min).

DVS

DVS measurements are typically performed at 25°C with an SPS11-100n “Sorptions
Prifsystem” from ProUmid (formerly “Projekt Messtechnik®), August-Nagel-Str. 23,
89079 Ulm (Germany). About 20 mg of sample are placed put into an aluminum
sample pan. Humidity change rates of 5% per hour were used. The applied
measurement program is visualized in the figure (dashed trace) and described below.
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The sample was placed on an aluminum holder on top of a microbalance and
allowed to equilibrate at 50% RH before starting the pre-defined humidity program in

the following way:

(1) 2 hours at 50% relative humidity

(2) 50 — 0% relative humidity (5%!/ hour); 10 hours at 0% relative humidity
(3) 0 — 75% relative humidity (5%/ hour); 5 hours at 75% relative humidity
(4) 75 — 0% relative humidity (5%!/ hour); 10 hours at 0% relative humidity
(5) 0 — 50% relative humidity (5%!/ hours); 2 hours at 50% relative humidity

Raman spectroscopy:

FT-Raman spectra were recorded on a Bruker MultiRAM FT-Raman or a Bruker RFS
100 FT-Raman system with a near infrared Nd:YAG laser operating at 1064 nm and
a liquid nitrogen-cooled germanium detector. 64 scans with a resolution of 2 cm™’
were accumulated in the range from 3500 to -50 cm'; however, only data above 100
cm™' are evaluated due to filter cutoff effects. Nominal laser powers are typically 100
or 300 mW.

Example 1: Preparation of crystalline monosodium salt of 5-methyl-(6S)-
tetrahydrofolic acid with imidazole as co-salt former without seeding. To 467 mg of 5-
methyl-(6S)-tetrahydrofolic acid monohydrate (assay 5-methyltetrahydrofolic acid
97.65%w/w) were weighed into a glass vial equipped with a magnetic stirrer bar. 1.0
mL of sodium hydroxide standard solution 1.00 mol/L and 76 mg of imidazole were
added. At ambient temperature, an essentially clear solution was obtained to which
7.0 mL of ethanol was added. The addition of ethanol led to a thick suspension at
room temperature. The suspension was heated to 80°C and stirred for two hours
before the solid was separated by hot filtration using a fritted glass filter (porosity P4)
and dried in air at room temperature. The filter cake was washed with 10 mL ethanol
and let dry in air for about 30 minutes. 320 mg (63% yield, assay 5-
methyltetrahydrofolic acid 89.38%w/w) of a fine, slightly yellow powder was obtained
as the product and was characterized by powder X-ray diffraction (Figure 1, Table 1)
and Raman spectroscopy (Figure 6, Table 2). The sodium content found by ICP-OES
was 4.49% which is in good agreement with a monosodium salt. HPLC analysis
showed a purity of 97.4 in area-% and thus confirmed the identity of the salt.
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Table 1: Powder X-ray diffraction data for crystalline monosodium salt of Example 1
with 2-theta angles, d-spacing values in Angstrom and qualitative intensity values as

follows: vs = very strong, s = strong, m = medium, w = weak and vw = very weak.

° 2-theta | d-spacings [A] | intensity (qualitative)
6.5 13.5 m
10.2 8.6 VS
12.5 71 VW
13.1 6.8 S
14.8 5.99 S
15.1 5.87 S
15.3 5.79 VS
15.8 5.61 w
16.1 5.50 S
17.2 5.15 S
17.9 4.94 VS
19.7 4.51 VW
20.0 4.44 w
20.4 4.35 S
20.5 4.32 VS
21.0 4.22 w
21.2 418 S
21.5 413 w
22.0 4.03 VS
22.5 3.95 VS
247 3.61 w
25.3 3.51 m
25.5 3.48 w
25.9 3.44 w
26.4 3.38 w
26.9 3.31 m
27.2 3.27 S
27.6 3.23 w
27.9 3.20 w
28.4 3.14 m
28.6 3.12 m
28.8 3.09 VW
29.3 3.04 VW
29.7 3.01 m
30.2 2.96 w
30.4 2.94 VW
30.9 2.89 w
31.2 2.86 w
31.9 2.81 m
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Table 2: Raman data for the crystalline monosodium salt of Example 1 with
wavenumber in cm™ and intensity values. It should be noted that the intensities vary

with Laser power, sample amount and other factors.

wavenumber (cm) intensity (arbitrary
units)
3079 0.43
3036 0.49
2991 051
2962 0.82
2941 1.20
2927 0.90
2902 0.87
2852 0.62
1674 0.51
1608 7.98
1570 2 87
1527 1.06
1483 0.93
1466 0.99
1446 0.80
1415 0.81
1321 6.43
1302 292
1274 0.96
1243 055
1224 0.51
1193 0.97
1168 133
1059 0.35
1019 0.51
947 0.57
898 2.03
854 0.60
810 0.61
75 0.54
648 1.60
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637 1.62
510 0.39
479 0.64
415 0.51
378 0.52
284 0.57
260 0.62
196 0.83

Example 2: Preparation of the crystalline monosodium salt of 5-methyl-(6S)-
tetrahydrofolic acid in isopropanol with 4-(2-hydroxyethyl)-morpholine as co-salt
former and seeding.

To 467 mg of 5-methyl-(6S)-tetrahydrofolic acid monohydrate (assay 5-
methyltetrahydrofolic acid 97.65%w/w) were weighed into a glass vial equipped with
a magnetic stirrer bar. 1.0 mL of sodium hydroxide standard solution 1.00 mol/L and
140 pl of 4-(2-hydroxyethyl)-morpholine were added. At ambient temperature, an
essentially clear solution was obtained to which 7.0 mL of isopropanol was added.
The addition of isopropanol led to a thick suspension at room temperature. The
suspension was heated to 80°C and stirred for one hour then seed crystals of 5-
methyl-(6S)-tetrahydrofolic acid monosodium salt according to example 1 were
added and stirring at 80°C was continued for one hour before the solid was
separated by hot filtration using a fritted glass filter (porosity P4) and dried in air at
room temperature. The filter cake was washed with 10 mL isopropanol and let dry in
air at r.t. for about 30 minutes. 413 mg of a fine, slightly yellow powder was obtained
as the product. Powder X-ray diffraction confirmed the identity of the monosodium

salt.

Example 3: Preparation of the crystalline monosodium salt of 5-methyl-(6S)-
tetrahydrofolic acid with 4-(2-hydroxyethyl)-morpholine as co-salt former and
seeding.

4.694 g of 5-methyl-(6S)-tetrahydrofolic acid monohydrate (assay 5-
methyltetrahydrofolic acid 97.65 %w/w) were weighed into a 100 mL glass flask
equipped with a magnetic stirrer bar. 10.00 mL of sodium hydroxide standard solution
1.00 mol/L and 1.470 mL of 4-(2-hydroxyethyl)-morpholine were added. After stirring

at room temperature for 10 minutes a brown clear solution was formed. While stirring
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the solution at room temperature, 50 mL ethanol was added. A turbid solution was
present after stirring for 6 minutes. The mixture was seeded with 56 mg of crystalline
MTHF monosodium salt according to example 1 and after stirring for 5 minutes at
room temperature a thick suspension formed, which was no longer stirrable using a
magnetic stirrer bar. Thus the mixture was heated to 80°C within about 6 minutes
and a light brown suspension was formed which was easy to stir. The sample was
seeded again with 36 mg of crystalline MTHF mono-Na salt. After stirring for

6 minutes at 80°C a yellow suspension was present with some off-white solid
material that adhered to the glass wall. After stirring the suspension at 80°C for

75 minutes 20 mL of ethanol were added to the yellow suspension and stirring was
continued for 70 minutes before the solid product was filtered off by hot filtration
using a fritted glass filter (porosity P4, @ 5 cm) and the filter cake was air dried for
about 2 minutes. 16 mL of an ethanol - water mixture 7:1 (v/v) was added to the filter
cake and the washing solution was pulled through the filter by vacuum suction. The
wash step was repeated with another 16 mL of the same ethanol - water mixture.
The filter cake was then air dried for 20 minutes (air was drawn through the fritted
glass filter; 24°C, 41% relative humidity). After about 10 minutes the filter cake was
broken into smaller pieces and lumps were slightly crushed using a spatula. After

20 minutes the solid material was transferred into a 40 mL glass bottle. 4.36 grams
(about 86% yield, assay 5-methyltetrahydrofolic acid 89.94%w/w) of a fine, slightly
yellow powder was obtained as the solid product and was characterized by powder
X-ray diffraction, H-NMR spectroscopy and TG-FTIR. Light microscopy and PXRD
confirmed the crystalline nature of the sample and H-NMR spectroscopy was in
agreement with the chemical integrity of 5-methyl-(6S)-tetrahydrofolic acid and
showed no significant amount of 4-(2-hydroxyethyl)-morpholine. Further investigation
by TG-FTIR revealed a mass loss of about 1.6%, attributable to water. The sodium
content found by ICP-OES was 4.59% which is in good agreement with a
monosodium salt. HPLC showed a purity of 97.4%.

Example 4: Preparation of the crystalline monosodium salt of 5-methyl-(6S)-
tetrahydrofolic acid with 4-(2-hydroxyethyl)-morpholine as co-salt former and
seeding.

The first step of the experiment was carried out in a separate vial in order to prevent
seeds of crystalline MTHF free acid in the larger glass reactor.
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9.3888 grams of 5-methyl-(6S)-tetrahydrofolic acid monohydrate (assay 5-
methyltetrahydrofolic acid 97.65 %w/w) were weighed into a 60 mL glass vessel
equipped with a magnetic stirrer bar. 20.00 mL of sodium hydroxide standard solution
1.00 mol/L and 2.940 mL of 4-(2-hydroxyethyl)- morpholine were added. After stirring
at room temperature for about 15 minutes a brown clear solution was formed with pH
of about 6.9. This solution was transferred into a 350 mL glass reactor and stirred
with a paddle stirrer. The gas phase was purged using a dry nitrogen flow and the
mixture heated to 80°C within about 20 minutes. At 80°C a solution was still present
and 20 mL of ethanol were added within about 6 minutes before 7 mg of crystalline
MTHF monosodium salt according to example 1 was added as seed crystals. Within
about 13 minutes an additional 50 mL of ethanol were added while stirring (about 340
rpm). During the addition of ethanol the solution was seeded several times using 5
mg to 7 mg of the same seed crystals but a turbid solution rather than a suspension
was observed. Within about 85 minutes an additional 80 mL of ethanol (in total 150
mL) were added while stirring. During the addition of ethanol the seeding was
performed several times each time using 3 mg to 9 mg of the same seeding crystals.
However by visual observation, the system was judged as an emulsion with slightly
brown material adhering to the glass wall of the reactor. The mixture was then stirred
at 80°C for 10 minutes and a small amount of the light brown material was scraped
from the glass wall using a spatula. Over time, a weak suspension formed. While
stirring some material that adhered to the glass wall was redispersed by scraping it
from the glass wall using a spatula. After stirring at 500 rpm at 80°C for about 2.5
hours a yellow suspension had formed that was easy to stir but still contained
relatively small brown lumps. Hot filtration was carried out using a fritted glass filter
(porosity P4, @ 5 cm) and the filter cake was air dried for about 2 minutes. The glass
reactor was washed twice with 30 mL of an ethanol - water mixture 7:1 (v/v) that was
added to the filter cake and the wash solution was pulled through the filter by vacuum
suction. The filter cake was then washed a third time using 30 mL using the same
ethanol - water mixture. The filter cake was then air dried for 30 minutes (air was
drawn through the fritted glass filter; 23°C, 59% relative humidity). After about 7
minutes the filter cake was broken into smaller pieces and lumps were slightly
crushed using a spatula. After 30 minutes the solid product (8.28 grams) was
transferred into a 60 mL glass container and a sample was drawn for analysis by
PXRD, which confirmed the presence of crystalline MTHF mono-Na salt. The
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remaining solid material was vacuum dried at 80°C / about 10 mbar for 0.5 hour. The
solid product was 8.05 g (yield about 78%, assay 5-methyltetrahydrofolic acid
89.12%w/w) of a fine, slightly yellow powder. Characterization by PXRD showed that
drying did not lead to a change of the crystalline form. H-NMR spectroscopy
confirmed the chemical integrity of 5-methyl-(6S)-tetrahydrofolic acid and showed no
significant amount of 4-(2-hydroxyethyl)-morpholine. The sample was further
investigated by TG-FTIR and HPLC. HPLC showed a purity of 96.5%.

Example 5: Preparation of the crystalline monosodium salt of 5-methyl-(6S)-
tetrahydrofolic acid in ethanol with 2-diethylaminoethanol as co-salt former and
seeding.

To 467 mg of 5-methyl-(6S)-tetrahydrofolic acid monohydrate (assay 5-
methyltetrahydrofolic acid 97.65 %w/w) were weighed into a glass vial equipped with
a magnetic stirrer bar. 1.0 mL of sodium hydroxide standard solution 1.00 M, 5.0 mL
ethanol and 100pl of 2-diethylaminoethanol were added. The mixture was heated to
80°C under stirring and then seed crystals of 5-methyl-(6S)-tetrahydrofolic acid
monosodium salt according to example 1 were added and stirring at 80°C was
continued for one hour before the solid was separated by hot filtration using a fritted
glass filter (porosity P4) and dried in air at room temperature. 370 mg (55% yield,
assay 5-methyltetrahydrofolic acid 68.2%w/w) of solid product was obtained and
characterized by powder X-ray diffraction and HPLC. HPLC showed a purity of
93.7%.

Example 6: Kinetic solubility of the crystalline monosodium salt of 5-methyl-(6S)-
tetrahydrofolic acid.

Step 1: 23.8 mg of crystalline 5-methyl-(6S)-tetrahydrofolic acid monosodium salt are
weighed into a 7 ml glass vial with screw cap. 2.38 ml of purified/de-ionized water (for
instance water for chromatography) is added to the solid using an adjustable
volumetric pipette. The mixture is vigorously agitated at room temperature and briefly
sonicated and a clear slightly yellow solution is readily obtained. Thus the solubility is
greater than 10 mg per 1 ml of water. The solution remains clear for more than

20 hours at r.t.

Step 2: 62.3 mg of crystalline monosodium salt are weighed into a 7 ml glass vial
with screw cap. 4.15 ml of purified/de-ionized water (for instance water for
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chromatography) is added to the solid using an adjustable volumetric pipette. The
mixture is vigorously agitated at room temperature and briefly sonicated and a clear
slightly yellow solution is readily obtained. Thus the solubility is greater than 15 mg
per 1 ml of water. The solution remains clear for several hours at r.t.

Step 3: 72.6 mg of crystalline MTHF monosodium salt are weighed into a 7 ml glass
vial with screw cap. 2.9 ml of purified/de-ionized water (for instance water for
chromatography) is added to the solid using an adjustable volumetric pipette. The
mixture is vigorously agitated at room temperature and briefly sonicated and a clear
slightly yellow solution is readily obtained. Thus the solubility is greater than 25 mg

per 1 ml of water. The solution remains clear for about one hour at r.t.

Reference example 7: Kinetic solubility of the calcium salt of 5-methyl-(6S)-
tetrahydrofolic acid

27.9 mg of crystalline calcium salt of MTHF (containing about 11% of water, thus
corresponding to a dry weight of about 25 mg) are weighed into a 4 ml glass vial with
screw cap. 2.535 ml of purified/de-ionized water (for instance water for
chromatography) is added to the solid using an adjustable volumetric pipette. The
mixture is vigorously agitated at room temperature and briefly sonicated. No clear
solution can be obtained and a fairly concentrated suspension persists; thus the
solubility is considerable smaller than 10 mg per 1 ml of water.

Example 8: Properties on drying of the crystalline monosodium salt of 5-methyl-(6S)-
tetrahydrofolic acid

A sample of crystalline monosodium salt according to at least one of the previous
examples is investigated by thermogravimetry coupled with infrared spectroscopy
(TG-FTIR). Thermogravimetric measurements were done with a sample mass of
about 6 mg. The mass loss at 200°C is about 1.3% which essentially corresponds to
the water content of the crystalline monosodium salt after drying in air at room
temperature. The same sample is now examined by dynamic vapor sorption analysis
(DVS). About 20 mg of sample are placed put into an aluminum sample pan.
Humidity change rates of 5% per hour were used. The applied measurement
program is visualized in the figure (dashed trace) and described below. The
presentation shows the effective water content with a correction based upon TG-
FTIR result. The sample was placed on an aluminum holder on top of a microbalance
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and allowed to equilibrate at 50% RH before starting the pre-defined humidity

program in the following way:

(1) 2 hours at 50% relative humidity

(2) 50 — 0% relative humidity (5%!/ hour); 10 hours at 0% relative humidity
(3) 0 — 75% relative humidity (5%/ hour); 5 hours at 75% relative humidity
(4) 75 — 0% relative humidity (5%!/ hour); 10 hours at 0% relative humidity
(5) 0 — 50% relative humidity (5%/ hour); 2 hours at 50% relative humidity

The result as shown in the Figure 2 shows that all the water of the sample is

essentially removed after ten hours of nitrogen purge at room temperature.

Reference Example 9: Drying of the calcium salt of 5-methyl-(6S)-tetrahydrofolic
acid.

A sample of crystalline calcium salt of MTHF is examined by Karl Fischer titration to
evaluate the water content. The water content found is 12.4%. Thereafter the same
sample is investigated by DVS according to the very same measurement program as
for the monosodium salt of the example above. The results as shown in Figure 3 that
after 10 hours of drying under nitrogen at room temperature the water content is still
on the order of 6 to 7% which means that less than half of the water can be removed

under identical conditions.

Example 10: Water content of the crystalline monosodium salt of 5-methyl-(6S)-
tetrahydrofolic acid under changing relative humidity conditions.

A sample of crystalline monosodium salt of MTHF according to at least one of the
previous examples is investigated by thermogravimetry coupled with infrared
spectroscopy (TG-FTIR). Thermogravimetric measurements were done with a
sample mass of about 6 mg. The mass loss at 200°C is about 1.3% which essentially
corresponds to the water content of the crystalline monosodium salt after drying in air
at room temperature. The same sample is now examined by dynamic vapor sorption
analysis (DVS). About 20 mg of sample are placed put into an aluminum sample pan.
Humidity change rates of 5% per hour were used. Where applicable, the applied
measurement program is visualized in the figure (dashed trace) and described below.
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The presentation shows the effective water content with a correction based upon TG-
FTIR result. The sample was placed on an aluminum or platinum holder on top of a
microbalance and allowed to equilibrate at 50% RH before starting the pre-defined

humidity program in the following way:
(1) 2 hours at 50% relative humidity
(2) 50 — 0% relative humidity (5%!/ hour); 10 hours at 0% relative humidity
(3) 0 — 75% relative humidity (5%!/ hour); 5 hours at 75% relative humidity
(4) 75 — 0% relative humidity (5%!/ hour); 10 hours at 0% relative humidity
(5) 0 — 50% relative humidity (5%/ hour); 2 hours at 50% relative humidity

The result as shown in the Figure 4 shows that the change of the water content
within the most relevant range of relative humidity between 20% and 75% is about
1.7%.

Reference Example 11: Water content of the calcium salt of 5-methyl-(6S)-

tetrahydrofolic acid under changing relative humidity conditions.

A sample of crystalline calcium salt of MTHF is subjected to the very same relative
humidity program in a DVS instrument. The results as depicted in Figure 5 shows
that the change of the water content within the most relevant range of relative
humidity between 20% and 75% is about 3.5%.

Example 12: Preparation of the crystalline monosodium salt of 5-methyl-(6S)-
tetrahydrofolic acid with 2 equivalents of 4-(2-hydroxyethyl)-morpholine as co-salt

former.

To a mixture of 40 g 5-methyl-(6S)-tetrahydrofolic acid (assay 5-methyltetrahydrofolic
acid 95.4%w/w) and 86 g water, 3.46 g solid sodium hydroxide and 21.79 g 4-(2-
hydroxyethyl) morpholine were added at room temperature under a nitrogen
atmosphere while stirring. The mixture was added within 5.5 hours to a mixture of
472 g ethanol with 5% v/v 2-propanol and 0.4 g crystalline monosodium salt of 5-
methyl-(6S)-tetrahydrofolic acid at 75-78°C under a nitrogen atmosphere while
stirring. 3 g water were added and the mixture was stirred for an additional hour at
76°C. The solids were separated by filtration, washed three times with each 133 mL
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ethanol 5% 2-propanol/water 7:1 v/v and dried in vacuum at 40°C for 16.5 hours to
give 42.0 g of an off-white powder corresponding to 102% vyield (assay 5-
methyltetrahydrofolic acid 92.45%w/w). PXRD confirmed the crystalline nature of the
sample and H-NMR spectroscopy was in agreement with the chemical integrity of 5-
methyl-(6S)-tetrahydrofolic acid and showed no significant amount of 4-(2-
hydroxyethyl)-morpholine. Further investigation by TGA (Thermogravimetric Analysis)
revealed a mass loss of about 0.86%. The sodium content found by IC (lon
chromatography) was 4.94% which is in good agreement with a monosodium salt.
HPLC showed a purity of 98.2%.

Example 13: Preparation of the crystalline monosodium salt of 5-methyl-(6S)-
tetrahydrofolic acid with a purity of 98.6% by recrystallization of crystalline
monosodium salt of 5-methyl-(6S)-tetrahydrofolic acid in the presence of 1 equivalent
of 4-(2-hydroxyethyl)-morpholine.

2 g crystalline monosodium salt of 5-methyl-(6S)-tetrahydrofolic acid (assay 5-
methyltetrahydrofolic acid 92.63%w/w) were added to a mixture of 10 g water and
0.51 g 4-(2-hydroxyethyl) morpholine under a nitrogen atmosphere. After stirring for
10 minutes at 25°C, the mixture was added to a mixture of 70 mL ethanol with 5% v/v
2-propanol and 0.05 g crystalline monosodium salt of 5-methyl-(6S)-tetrahydrofolic
acid at 72°C within 2.5 hours under a nitrogen atmosphere while stirring. The mixture
was stirred for additional 2.5 hours at 72°C. The solids were separated by filtration,
washed with 20 mL ethanol 5% 2-propanol/water 7:1 v/v and dried in vacuum at 33°C
for 18 hours to give 1.75 g of an off-white powder corresponding to 87% yield (assay
5-methyltetrahydrofolic acid 92.5%w/w ). PXRD confirmed the crystalline nature of
the sample and H-NMR spectroscopy was in agreement with the chemical integrity of
5-methyl-(6S)-tetrahydrofolic acid and showed no significant amount of 4-(2-
hydroxyethyl)-morpholine. Further investigation by TGA (Thermogravimetric Analysis)
revealed a mass loss of about 1.48%. The sodium content found by IC (lon
chromatography) was 4.83% which is in good agreement with a monosodium salt.
HPLC showed a purity of 98.6%.

Example 14: Preparation of the crystalline monosodium salt of 5-methyl-(6S)-
tetrahydrofolic acid starting from a crystalline 1:1:1 salt of 5-methyl-(6S)-
tetrahydrofolic acid, sodium and 4-(2-hydroxyethyl)-morpholine.
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5 g of a 1:1:1 salt of 5-methyl-(6S)-tetrahydrofolic acid, sodium and 4-(2-
hydroxyethyl)-morpholine (assay 5-methyltetrahydrofolic acid 70.60%w/w) were
suspended in a mixture of 49.4 g ethanol 5% v/v 2-propanol and 12.5 g water under
a nitrogen atmosphere. The mixture was stirred for 3 hours at 74°C. The solids were
separated by filtration and washed with 17 mL of a mixture of ethanol /water 7:1 v/v.
The solids were dried at 40°C in vacuum to give 2.93 g of an off-white powder
corresponding to 78% vyield (assay 5-methyltetrahydrofolic acid 93.65%w/w). PXRD
confirmed the crystalline nature of the sample and H-NMR spectroscopy was in
agreement with the chemical integrity of 5-methyl-(6S)-tetrahydrofolic acid and
showed no significant amount of 4-(2-hydroxyethyl)-morpholine. Further investigation
by TGA (Thermogravimetric Analysis) revealed a mass loss of about 0.30%. The
sodium content found by IC (lon chromatography) was 4.56% which is in good
agreement with a monosodium salt. HPLC showed a purity of 99.02%.

Example 15: Preparation of the crystalline monosodium salt of 5-methyl-(6S)-

tetrahydrofolic acid in larger scale

All operations were performed under a nitrogen atmosphere if nothing else is
mentioned. Solvents in the reaction and crystallization vessel were condensed during

heating.

9.6 kg of 4-(2-hydroxyethyl) morpholine were added to 101.7 kg of a mixture of
water/ethanol (5% 2-propanol) 1:1 v/v in a reaction vessel at room temperature while
stirring. Further 1.0 kg of water/ethanol (5% 2-propanol) 1:1 v/v were added followed
by 28.8 kg 5-methyl-(6S)-tetrahydrofolic acid (assay 5-methyltetrahydrofolic acid
97.17%w/w) while stirring. Additional 2 kg of a mixture of water/ethanol (5% 2-
propanol) 1:1 v/iv were added. Then 8.7 kg of an aqueous solution of sodium
hydroxide were added (assay sodium hydroxide 29.22 %w/w) to the reaction vessel
followed by 1 kg of a mixture of water/ethanol (5% 2-propanol) 1:1 v/v. The mixture
was heated to 38°C and the pH of the resulting solution was 7.56. The solution was
transferred from the reaction vessel over a filter into a crystallization vessel. The
transfer pipes and the filter were washed with 9.8 kg of a mixture of water/ethanol
(5% 2-propanol) 1:1 viv. The washings were added to the filtrate. The filtrate was
heated to 75.1°C while stirring and within 59 minutes 53.8 kg ethanol (5% 2-
propanol) were added while maintaining the temperature between 75.1 and 80.4°C.
The mixture was cooled to 64.8°C and 0.29 kg of crystalline monosodium salt of 5-
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methyl-(6S)-tetrahydrofolic acid were added for seeding. The mixture was again
heated to 74.5°C and 286.2 kg ethanol (5% 2-propanol) were added within 3 hours
while maintaining the temperature between 70 and 80°C. The mixture was cooled to
71°C and stirred for 13 hours and 37 minutes while keeping the temperature between
65 and 75°C. Then the mixture was cooled to 59.9°C and the crystals were
separated by centrifugation. The crystals on the centrifuge were washed with a
mixture of 38.0 kg ethanol (5% 2-propanol) and 6.9 kg water via the crystallization
vessel and directly via a CIP (cleaning in place) pipe with a mixture of 38.1 kg
ethanol (5% 2-propanol) and 6.9 kg water followed by 43.8 kg ethanol (5% 2-
propanol). After separation of the washing liquids by centrifugation, the crystals were
transferred into a dryer and dried for 12 hours and 7 min. at 50°C under vacuum (101
mbar) using a nitrogen flow of 500 L/min. A sample was taken to measure the
content of residual solvents. The water content of the sample was 0.49%w/w and the
content of ethanol was 0.04%w/w. No 2-propanol was detected. 22.98 kg of
crystalline monosodium salt of 5-methyl-(6S)-tetrahydrofolic acid (assay 5-
methyltetrahydrofolic acid 97.9%w/w) were removed from the dryer, corresponding to

an assay corrected yield of 75.9%.

Example 16: Solubility of the crystalline monosodium salt of 5-methyl-(6S)-

tetrahydrofolic acid

The solubility of the crystalline monosodium salt of 5-methyl-(6S)-tetrahydrofolic acid
in water was measured by determining the concentration of 5-methyl-(6S)-
tetrahydrofolic acid in the supernatant liquid after having stirred a suspension of
crystalline monosodium salt of 5-methyl-(6S)-tetrahydrofolic acid in water for

30 minutes, always keeping an excess of solid material at the bottom of the flask.

The solubility of the crystalline monosodium salt of 5-methyl-(6S)-tetrahydrofolic acid
in water at room temperature was 9.3 mg/ml (equivalent to 9.6 mg/ml of the calcium
salt of 5-methyl-(6S)-tetrahydrofolic acid).

The solubility of the crystalline calcium salt of 5-methyl-(6S)-tetrahydrofolic acid in

water measured under the same conditions was 7.1 mg/ml.
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Reference Example 17: Preparation of the amorphous monosodium salt of 5-methyl-
(6S)-tetrahydrofolic acid

6.0 g of crystalline 5-methyl-(6S)-tetrahydrofolic acid monosodium salt were added at
room temperature to 600 g water. Solids were removed by suction filtration. The
filtrate was frozen in a bath with liquid nitrogen and lyophilized in vacuum at 0.07
mbar. After 2 days the vacuum was replaced by nitrogen gas. 6.0 g amorphous 5-
methyl-(6S)-tetrahydrofolic acid monosodium salt were obtained with a purity of

95.2% area, water content 8.8%w/w, assay sodium 4.5%w/w.

Example 18: Stability of the crystalline monosodium salt of 5-methyl-(6S)-

tetrahydrofolic acid

In order to compare the long-term stabilities of the crystalline monosodium salt of 5-
methyl-(6S)-tetrahydrofolic acid, the compound of the invention, to the long-term
stability of the crystalline calcium salt of 5-methyl-(6S)-tetrahydrofolic acid as
prepared according to EP 1 044 975 B1, respective stability data has been generated

at various temperatures and humidities.

(a) Stability of the crystalline monosodium salt of 5-methyl-(6S)-tetrahydrofolic
acid at 25°C/60%rh

Crystalline calcium salt of 5-methyl-(6S)-tetrahydrofolic acid, prepared according to
literature procedures (EP 1 044 975 B1) and crystalline monosodium salt of 5-methyl-
(6S)-tetrahydrofolic acid, prepared as disclosed in Example 15, were stored at
25°C/60%rh. The content of 5-methyl-(6S)-tetrahydrofolic acid remaining in the
samples was measured by HPLC at periodic intervals (% w/w). The results are
shown in Table 3a and Figure 7. The content of 5-methyl-(6S)-tetrahydrofolic acid
remaining was also compared to the initial value at the time of preparation (% rel.).
The results are shown in Tables 3b. Additionally the content of the pyrazino-s-triazine
derivative of 4a-hydroxy-5-methyl-THF (MeFox), a major degradation product, was
measured by HPLC at periodic intervals and disclosed as absolute values (% w/w).

The results are shown in Table 4 and Figure 8.



WO 2018/178141 -23 - PCT/EP2018/057900

Table 3a: Long-term stability of the crystalline monosodium salt of 5-methyl-(6S)-
tetrahydrofolic acid at 25°C/60%rh (% w/w)

5-methyl-(6S)-tetrahydrofolic acid (% wiw)

0 3 6 9 12
months | months | months | months | months
crystalline 94.7 93.0 94.2 95.6 94 .1

monosodium salt
of 5-methyl-(6S)-
tetrahydrofolic acid

crystalline calcium 80.7 79.0 77.7 78.5 77.9
salt of 5-methyl-
(6S)-tetrahydrofolic
acid

Table 3b: Long-term stability of the crystalline monosodium salt of 5-methyl-(6S)-
tetrahydrofolic acid at 25°C/60%rh (% rel.)

5-methyl-(6S)-tetrahydrofolic acid (% rel.)

0 3 6 9 12
months | months | months | months | months
crystalline 100.0 98.3 99.5 101.0 994

monosodium salt
of 5-methyl-(6S)-
tetrahydrofolic acid

crystalline calcium 100.0 97.9 96.3 97.3 96.5
salt of 5-methyl-
(6S)-tetrahydrofolic
acid

Table 4: Long-term stability of the crystalline monosodium salt of 5-methyl-(6S)-
tetrahydrofolic acid at 25°C/60%rh (major degradation product [MeFox])

Pyrazino-s-triazine derivative of 4a-hydroxy-5-
methyl-THF (MeFox) (% wiw)

0 3 6 9 12
months | months | months | months | months
crystalline 0.06 0.04 0.09 0.1 0.05

monosodium salt
of 5-methyl-(6S)-
tetrahydrofolic acid

crystalline calcium 0.20 0.84 0.90 0.85 0.86
salt of 5-methyl-
(6S)-tetrahydrofolic
acid
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(b)  Stability of the crystalline monosodium salt of 5-methyl-(6S)-tetrahydrofolic
acid at 40°C/75%rh

Crystalline calcium salt of 5-methyl-(6S)-tetrahydrofolic acid, prepared according to
literature procedures (EP 1 044 975 B1) and crystalline monosodium salt of 5-methyl-
(6S)-tetrahydrofolic acid, prepared as disclosed in Example 15, were stored at
40°C/75%rh. The content of 5-methyl-(6S)-tetrahydrofolic acid remaining in the
sample was measured by HPLC at periodic intervals (% w/w). The results are shown
in Table 5a and Figure 9. The content of 5-methyl-(6S)-tetrahydrofolic acid
remaining was also compared to the initial value at the time of preparation (% rel.).
The results are shown in Tables 5b. Additionally the content of the pyrazino-s-triazine
derivative of 4a-hydroxy-5-methyl-THF (MeFox), a major degradation product, was
measured by HPLC at periodic intervals and disclosed as absolute values (% w/w).
The results are shown in Table 6 and Figure 10.

Table 5a: Long-term stability of the crystalline monosodium salt of 5-methyl-(6S)-
tetrahydrofolic acid at 40°C/75%rh (% w/w)

5-methyl-(6S)-tetrahydrofolic acid (% wiw)

0 3 6 9 12
months | months | months | months | months
crystalline 94.7 92.7 (81.8) 94.8 92.9

monosodium salt
of 5-methyl-(6S)-
tetrahydrofolic acid

crystalline calcium 80.7 78.5 78.0 78.8 77.8
salt of 5-methyl-
(6S)-tetrahydrofolic
acid

"Most likely lab error
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Table 5b: Long-term stability of the crystalline monosodium salt of 5-methyl-(6S)-
tetrahydrofolic acid at 40°C/75%rh (% rel.)

5-methyl-(6S)-tetrahydrofolic acid (% rel.)

0 3 6 9 12
months | months | months | months | months
crystalline 100.0 98.0 (86.4)! 100.1 98.2

monosodium salt
of 5-methyl-(6S)-
tetrahydrofolic acid

crystalline calcium 100.0 97.2 96.6 97.6 96.3
salt of 5-methyl-
(6S)-tetrahydrofolic
acid

"Most likely lab error

Table 6: Long-term stability of the crystalline monosodium salt of 5-methyl-(6S)-
tetrahydrofolic acid at 40°C/75%rh (major degradation product [MeFox])

Pyrazino-s-triazine derivative of 4a-hydroxy-5-
methyl-THF (MeFox) (% wiw)

0 3 6 9 12
months | months | months | months | months
crystalline 0.06 0.05 0.08 0.13 0.05

monosodium salt
of 5-methyl-(6S)-
tetrahydrofolic acid

crystalline calcium 0.20 1.01 0.96 0.93 0.95
salt of 5-methyl-
(6S)-tetrahydrofolic
acid

Tables 3 to 6 with the stability data of crystalline monosodium salt of 5-methyl-(6S)-
tetrahydrofolic acid as disclosed in in the present invention clearly shows that

i) there is a remarkable difference in the stability of crystalline monosodium salt of 5-
methyl-(6S)-tetrahydrofolic acid compared to the crystalline calcium salt of 5-methyl-
(6S)-tetrahydrofolic acid and

ii) the crystalline monosodium salt of 5-methyl-(6S)-tetrahydrofolic acid is much more
stable over a long period of time than crystalline calcium salt of 5-methyl-(6S)-
tetrahydrofolic acid.
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Claims

A crystalline sodium salt of 5-methyl-(6S)-tetrahydrofolic acid wherein the molar
ratio of 5-methyl-(6S)-tetrahydrofolic acid to sodium is from 1:0.5 to 1:1.5 and/or
hydrates and/or solvates thereof.

The crystalline salt of claim 1, wherein the molar ratio of 5-methyl-(6S)-
tetrahydrofolic acid to sodium is from 1:0.75 to 1:1.25.

The crystalline salt of claim 1 or 2, wherein the molar ratio of 5-methyl-(6S)-
tetrahydrofolic acid to sodium is approximately 1:1.

The crystalline salt of at least one of the preceding claims, characterized in that
the salt is the sodium salt of 5-methyl-(6S)-tetrahydrofolic acid and has a PXRD
pattern with at least one characteristic peak (expressed in 26 + 0.2° 26 (CuKa
radiation)) at 6.5, 10.2, 13.1, 15.3, 17.9, 20.5, and 22.0.

The crystalline salt of at least one of the preceding claims, characterized in that
the salt is the sodium salt of 5-methyl-(6S)-tetrahydrofolic acid and has a PXRD
pattern with at least one characteristic peak (expressed in 26 + 0.2° 26 (CuKa
radiation)) at 6.5, 10.2, 12.5, 13.1, 14.8, 15.1, 15.3, 16.1, 17.2, 17.9, 20.4, 20.5,
21.2,22.0, 22.5, and 27.2.

The crystalline salt of at least one of the preceding claims, characterized in that
the sodium salt of 5-methyl-(6S)-tetrahydrofolic acid has a PXRD pattern
substantially as shown in Figure 1.

The crystalline salt of at least one of the preceding claims, characterized in that
the sodium salt of 5-methyl-(6S)-tetrahydrofolic acid is a monosodium salt of 5-
methyl-(6S)-tetrahydrofolic acid.

The crystalline salt of at least one of the preceding claims having at least 99%

or more chemical and stereoisomerical purity.

A process for obtaining the crystalline sodium salt of 5-methyl-(6S)-
tetrahydrofolic acid according to at least one of the claims 1 to 7 comprising the
steps of:
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a) providing of 5-methyl-(6S)-tetrahydrofolic acid, optionally in a suitable solvent
or a mixture of solvents;

b) adding sodium hydroxide to the composition of step a);

c) optionally adding a solvent, a mixture of solvents and/or a co-salt former to
the composition of step b), or adding the composition of step b) to a solvent, a
mixture of solvents and/or a co-salt former;

d) crystallizing;

e) optionally adding more solvent or mixture of solvents; and

f) isolating the obtained solid.

The process of claim 9, characterized in that the molar ratio of 5-methyl-(6S)-
tetrahydrofolic acid and sodium hydroxide in step b) is in the range of from 1:0.5
to 1:1.5.

The process of claim 9 or 10, characterized in that the molar ratio of 5-methyl-
(6S)-tetrahydrofolic acid and the co-salt former in step c) is in the range of from
1:0.5t0 1:3.

The process of at least one of the claims 9 to 11, characterized in that solvent
and/or mixtures of solvents according to step a), ¢) and/or e) is selected from
the group consisting of water, water-soluble alcohols, methanol, ethanol,
isopropanol, n-propanol, acetonitrile, tetrahydrofuran, acetone, methyl ethyl
ketone, methyl isobutyl ketone, benzylalcohol, and mixtures thereof.

The process of at least one of the claims 9 to 12, characterized in that the co-

salt former of step ¢) is an organic base with a pKa value from 6 to 11.

The process of at least one of the claims 9 to 13, characterized in that the co-
salt former of step ¢) is an organic base with a pKa value from 7 to 10.

The process of at least one of the claims 9 to 14, characterized in that a co-salt
former of step c) is selected from the group consisting of 4-(2-hydroxyethyl)-
morpholine, 1-(2-hydroxyethyl)-pyrrolidine, imidazole, 2-dimethylaminoethanol,
and fert-butylamine; and mixtures thereof.

The process of at least one of the claim 15, characterized in that a co-salt
former of step c) is 4-(2-hydroxyethyl)-morpholine.
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The process of at least one of the claims 9 to 16, characterized in that in step d)

the temperature is at least 30 °C.

The process of at least one of the claims 9 to 17, characterized in that in step a),

b), ¢) and/or d) seed crystals are added.

A pharmaceutical composition, food additive, vitamin and/or other preparation
comprising the crystalline sodium salt of 5-methyl-(6S)-tetrahydrofolic acid
according to at least one of the claims 1 to 7 and optionally one or more

acceptable excipients.

The pharmaceutical composition according to claim 19 in the form of tablets,
capsules, oral liquid preparations, powders, lyophilisates, granules, lozenges,
reconstitutable powders, injectable or infusable solutions or suspensions or

suppositories.

The pharmaceutical composition according to claims 19 or 20 further comprising

at least one additional therapeutic agent.

The pharmaceutical composition according to claims 19 to 21, which is a
pharmaceutical composition for oral, parenteral, intramuscular, intraspinal,

intrathecal, peridontal, topical or rectal administration.

Use of the crystalline sodium salt of 5-methyl-(6S)-tetrahydrofolic acid according
to at least one of the claims 1 to 7 as constituent for the production of drugs

and/or food additives.

The crystalline sodium salt of 5-methyl-(6S)-tetrahydrofolic acid according to at

least one of the claims 1 to 7 for use in the treatment in homocysteine-lowering,
of anemia, neural tube defects, cardiovascular diseases, depression, cognitive

impairment, Alzheimer’s disease and osteoporosis and/or dietary management
of low plasma and/or low red blood cell folate and/or low cerebrospinal fluid

folate and/or low peripheral or central nervous system folate.
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Figure 1: PXRD of crystalline monosodium salt of 5-methyl-(6S)-tetrahydrofolic acid

according to Example 1
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Figure 2: Properties on drying of monosodium salt of 5-methyl-(6S)-tetrahydrofolic
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Figure 3: Properties of calcium salt of 5-methyl-(6S)-tetrahydrofolic acid (reference)

960

1080 1200

1320

T 80

relative humidity over sample in %

10

| /::::."///

7 = /;//deltam=1.7%

- ~ // v

0 10 20 30 40 50 60 70 80

relative humidity over sample in %

monosodium salt of 5-methyl-(6S)-tetrahydrofolic acid



WO 2018/178141 PCT/EP2018/057900
3/5
15
14 /7 A
13 .
//’/ /

12

\
\

deltam= 3.5%

=
=
<@
£
8 11 =
£ /// .
% 10 y
5 v
2 /
)/
2 8
= /
7
6
5 i i
0 10 20 30 40 50 60 70

relative humidity over sample in %

Figure 5: Properties of calcium salt of 5-methyl-(6S)-tetrahydrofolic acid (reference)
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Figure 9: Long-term stability of the crystalline monosodium salt of 5-methyl-(6S)-
tetrahydrofolic acid at 40°C/75%rh (% w/w)
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