w0 2022/015181 A1 |0 0000 KOO 0O 0 0

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

J

=

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date
20 January 2022 (20.01.2022)

(10) International Publication Number

WO 2022/015181 Al

WIPO I PCT

(51) International Patent Classification:

CO07C 46/02 (2006.01) CO7C 43/285 (2006.01)
CO07C 50/14 (2006.01) C07C 317/22 (2006.01)
C07C 41/18 (2006.01)

(21) International Application Number:
PCT/PL2021/050055

(22) International Filing Date:
16 July 2021 (16.07.2021)

Declarations under Rule 4.17:
as to the identity of the inventor (Rule 4.17(i))
of inventorship (Rule 4.17(iv))

Published:

with international search report (Art. 21(3))

before the expiration of the time limit for amending the
claims and to be republished in the event of receipt of
amendments (Rule 48.2(h))

in black and white; the international application as filed

(25) Filing Language: English contained color or greyscale and is available for download
(26) Publication Language: English from PATENTSCOPE
(30) Priority Data:

P.434705 16 July 2020 (16.07.2020) PL

(71) Applicant: VITASYNTHSP.Z O.0. [PL/PL]; Szalwiowa
2, 03-167 Warsaw (PL).

(72) Inventors: KRUKOWSKI, Andrzej; ul. Dziatwy 14C/19,
03-109 Warsaw (PL). ZIELINSKI, Konrad; Zduny 68/11,
99-440 Zduny (PL).

Agent: NEJMAN, Michal; Broniewskiego 91/48, 01-876
Warszawa (PL).

(74)

(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, IT, 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, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US,UZ, VC, VN, WS, 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).

(54) Title: METHOD AND INTERMEDIATE COMPOUNDS FOR THE PREPARATION OF MENAQUINONE MK-7

(57) Abstract: The invention relates to a method and intermediate compounds for the preparation of menaquinone MK-7. The method
for the preparation of menaquinone MK-7 is characterized in that, it comprises coupling of a compound of formula (11) with a compound
of formula (17) in the presence of a base, to obtain a compound of formula (18), which is subjected to desulfonylation reaction in the
presence of a palladium catalyst, to obtain a compound of formula (19), which is subjected to oxidation reaction, to obtain menaquinone
MK-7. The invention also relates to compound (8), preferably in a crystalline form, which is a convenient intermediate compound for
the preparation of menaquinone MK-7. (15 claims)



10

15

20

25

WO 2022/015181 PCT/PL2021/050055

Method and intermediate compounds for the preparation of menaquinone MK-7

DESCRIPTION
Field of invention:

The invention relates to a method and intermediate compounds for the preparation of

menaquinone MK-7, also known as vitamin K2.
Scope of Prior Art:

Menaquinones are derivatives of 1,4-naphtoquinone, which in position 2 contains a methyl
group, and in position 3 a chain consisting of variable number of isoprene groups.
Menaquinones are often defined by the abbreviation “MK-n”, where n indicates a number of
unsaturated isoprene groups at C3 carbon. Menaquinones MK-4 and MK-7 show biological
activity towards a protective effect on bone density and are known under a common name —
vitamin K2. MK-7 shows better bioavailability than MK-4, but in contrast to the latter, it is not
produced in human cells. MK-7 as an ingredient of dietary supplements is obtained as a product
of biosynthetic processes such as e.g., fermentation of soybeans, as well as a product of

chemical synthesis processes in multi-kilogram scale.

In multistep syntheses of MK-7 a step of coupling a menadiol derivative with an isoprene chain
plays a key role. A measure of the success of this transformation is simultaneous achievement
of several goals: the product should be of high isomeric purity of isomer E; the reaction should
be of high vyield possible; raw material and catalysts of the reaction should be cheap, easily
available and chemically pure; the reaction should be performed in conditions that does not
require special regime being e.g., anhydrous conditions. The final requirement needed for the

reaction to be performed on an industrial scale is an ease of purification of the product.

At the moment, there are no publications known, which gives a pure product after the coupling
step without tedious, on an industrial scale, column chromatography. Additionally, in most
cases chromatography does not allow to separate fractions of undesired geometric isomers.
Min et al. in J Org Chem. 2003; 68(20): 7925-7927, discloses a method for the preparation of
menaquinones, where 1.4-dimethoxy-2-methylnaphthalene is reacted with (E)-4-hydroxy-2-
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methyl-1-phenylsulfonyl-2-butene in Friedel-Crafts reaction, in the presence of various Lewis
acids. Most of the reaction products are formed as a E/Z mixture of isomers in a ratio from 3:1
to a maximum of 10:1. The yields of most reactions are moderate, isolation of the products
requires column chromatography, as well as no isolation of any product in a crystal form is

mentioned.

WO0/2010/035000 Al discloses a synthesis strategy of MK-7 and other menaquinones using
e.g., Kumada chemical reaction to combine an isoprene chain with a menadiol protected with
an alkyl group. Troublesome conditions of combing organomagnesium derivatives of menadiol
with isoprene chain were used in the synthesis, in the presence of a catalyst of the group of rare
earth metals. In the 2+5 variant of the synthesis (the numbers correspond to the number of
isoprene groups in compounds to be coupled), purification of the product of coupling reaction
requires a chromatography at this step, or in the next step of oxidation of terminal isoprene
group in allyl position. After the chromatography, the product in a form of an oil was obtained
with low yield and of unspecified isomeric purity. In further steps, Biellmann reaction was used
as a standard, by coupling a bromide with previously prepared sulfone. It should be mentioned
here, that penta- and heptaprenols used in the patent document, do no have easily available
natural sources and they are usually a product of multistep coupling of commonly available

two- and threeisoprene alcohols.

WO0/2014/058330 A2 discloses a method of preparation of MK-7 (1+3+3), where Friedel-
Crafts reaction is used to incorporate a first isoprene unit to a menadiol protected with an ethyl
group. After prior separation of the reaction mixture by column chromatography, a crystalline
derivative was obtained with low yield. In further construction of the isoprene chain Biellmann
reaction was used, coupling isoprene chain constructed from famesol. It should be noted that,
the oxidation reaction of terminal allyl position of farnesol used in the process is a low
regioselectivity reaction, generating large amounts of constitutional isomers and side products,

forcing to use a tedious purification of the product using chromatography.

WO0/2019/194690 A1 discloses a method of preparation of MK-7, where allyl group is used to
protect menadiol. The key step of ring alkylation requires use of equimolar amounts of Lewis
acid. In order to purify the product, it is necessary to use chromatography, and the product is
an oil with unspecified isomeric purity. For the construction of isoprene chain geraniol and its
oxidized derivatives were used (1+2+2+2), that results in a need of desulfonylation of as many

as three sulfonyl groups in a process employing mercury amalgams.
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To sum up, at the moment no examples of a synthesis of menaquinone MK-7 were found,
where alkylation of menadiol ring would take place with high yields in early synthetic steps
using cheap and easily available reagents, and without the use of column chromatography in a
process of semi-product purification. Therefore, there is still a need to increase yield, and

decrease total costs of the synthesis of MK-7.

SUMMARY:

The aim of the present invention is to provide a new method for the preparation of MK-7, the
method allowing to solve a problem of low total vield, and also where tedious chromatographic

purification steps are minimized, while keeping high purity of the final compound.

Another aim of the present invention is to provide intermediate compounds useful for the
preparation of MK-7, the intermediate compounds which can be easily prepared on an

industrial scale.

The authors of the present invention found that it is possible to perform a step of coupling a
menadiol derivative with an isoprene chain, with good yield using cheap and easily available

raw materials.

The authors of the present invention obtained, as a result of coupling step, a new compound,
which was unexpectedly obtained in a crystalline form, significantly improving scalability of

the process and yield of the MK-7 synthesis.

According to the first aspect, the essence of the invention is to provide a method for the

preparation of MK-7, i.e. a menaquinone of formula (20)
O
[T ]
o (20),

wherein the method is characterized in that, it comprises coupling a compound of formula (11)
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with a compound of formula (17)

R3
R4

in the presence of a base, to obtain a compound of formula (18)

7

. \\]/
OR2 R,

which is subjected to desulfonylation reaction in the presence of a palladium catalyst, to obtain

(18),

a compound of formula (19)

OR1
I >
OR2

which is subjected to an oxidation reaction, to obtain the menaquinone of formula (20),

(19),

10  wherein R1 and R2 are independently -Ci¢-alkyl, -(CH>)a-O-C1s-alkyl or benzyl, and wherein
nis 1 or 2, wherein X is Br, Cl or I, wherein both R3 and R4 are hydrogen or one of R3 and
R4 is hydrogen and the second is phenylsulfonyl group.

In a preferred embodiment of the invention, R1 and R2 are independently -CHs,
-CH2-CH3, -CH»2-O-CHs, -CH2-O-CH2-CHs, -CH>-CH2-O-CHs, -CH2-CH2-O-CH2-CHs or
15  benzyl, X is Br, R3 is hydrogen, and R4 is phenylsulfonyl group.

In an embodiment of the invention, a reaction of coupling a compound of formula (11) with a

compound of formula (17) is performed in tetrahydrofuran as an organic solvent, in the
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presence of sodium N N-bis(trimethylsilyl)amide (NaHMDS) or lithium N,N-
bis(trimethylsilyl)amide (LiIHMDS) as a base, and at the temperature below 0°C, preferably
at -30°C.

In an embodiment of the invention, a reaction of desulfonylation of a compound of formula
(18) is performed in tetrahydrofuran, in the presence of Pd(dppe)Cl» as a palladium catalyst,
using lithium triethylborohydride, at the temperature below 20°C, preferably at 0°C.

In an embodiment of the invention, a reaction of oxidation of a compound of formula (19) is
performed using cerium ammonium nitrate. Preferably, a mixture of ethyl acetate and water is

used as a solvent in said reaction.

In a preferred embodiment of the invention, compound (8) is used to obtain compound (11)

T -
i &
&N SN
\\*;'i;] \f}""i\\.\,«"“\\\ T R
1 ]
(®).
wherein compound (8) is obtained in Friedel-Crafts reaction of a compound of formula (3)

OH 3)

with a compound of formula (7)

O=8=0
HO‘\/ = =
(M.
In a preferred embodiment of the invention, said Friedel-Crafts reaction is performed in the
presence of boron trifluoride etherate, in a solvent being a mixture of chloroform and toluene,
at the temperature of 0°C, 5°C, 10°C, 15°C, 20°C, 25°C, 30°C, 35°C or 40°C, preferably at
the temperature from 20°C to 30°C, most preferably at 25°C. Preferably, said Friedel-Crafts

reaction is performed using 0.1, 0.2 or 0.3 equivalent of boron trifluoride etherate. Most
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preferably, said Friedel-Crafts reaction is performed using 0.3 equivalent of boron trifluoride

etherate.

According to the second aspect, the invention provides a compound of formula (8)

(8).

In an embodiment of the invention, compound (8) is a compound in a crystalline form, having
characteristic peaks in X-ray powder diffraction (XRPD) spectrum recorded using X-ray Cu
lamp, at the following 2-theta angles: 17.47, 18.18, 21.56 + 0.2°.

According to the third aspect, the invention provides a compound of formula (11)

(1D),

wherein R1 and R2 are independently -C1¢-alkyl, -(CH2)a-O-C16-alkyl or benzyl, and wherein

nis 1 or?2.

In one embodiment, the invention provides a compound of formula (11),
wherein for R1 being -Cis-alkyl, -(CH2)a-O-C16-alkyl or benzyl, R2 is -(CH2)s-O-Ci6-alkyl,
wherein for R2 being -Ci¢-alkyl, -(CH2)n-O-Ci6-alkyl or benzyl, R1 is -(CH2)u-O-C16-alkyl,

and wherein in any casenis 1 or 2.

In a preferred embodiment, the invention provides a compound of formula (11), which is

selected from a group consisting of compounds of formula:
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According to the fourth aspect, the present invention provides a compound of formula (19)

e
) C% W”\/\\(\/\\(’V\Y\/ Y

(19),

wherein R1 and R2 are independently -C1.s-alkyl, -(CH2).-O-C1s-alkyl or benzyl,

whereinnis 1 or 2,

wherein for R1 being -Cis-alkyl, -(CH2)n-O-C16-alkyl or benzyl, R2 is -(CH2)s-O-Ci6-alkyl,
wherein for R2 being -Ci¢-alkyl, -(CH2)n-O-Ci6-alkyl or benzyl, R1 is -(CH2)u-O-C1s6-alkyl.

10

In a preferred embodiment, a compound of formula (19) is selected from a group consisting of

compounds of formula
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BRIEF SUMMARY OF THE DRAWINGS
The subject of the invention is shown in an embodiment, wherein

Fig. 1 shows XRPD pattern of a compound of formula (8) according to the invention.

Fig. 2 shows DSC spectrum of a compound of formula (8) according to the invention.

DETAILED DESCRIPTION

Scheme I shows an embodiment of the method for the preparation of compound (8)
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In an embodiment of the method for the preparation of compound (8) according to the invention
as shown in the scheme I, commercially available menadione and geraniol are used as raw

materials.

Menadione is reduces using sodium dithionite giving menadiol (1). Menadiol (1) is reacted in
acylation reaction using acetic anhydride in the presence of a catalytic amount of Bronsted
acid, such as sulfuric acid, giving compound (2). Compound (2) is subjected to selective
deacetylation using any method known in the art, e.g., a method disclosed in W0O/2016/060670,
to obtain compound (3). Compounds (1) and (2) can be also obtained using other methods

known 1n the art.

Geraniol is transformed into geranyl acetate (4) using acetic anhydride in pyridine or in other
anhydrous solvent, e.g., methylene chloride, optionally with the use of catalytic amount of 4-
dimethylaminopyridine (DMAP). Next, geranyl acetate (4) is oxidized with the use of SeO»
and tert-butyl hydroperoxide using e.g., a method described by T. Wirth et al., Organoselenium
Chemistry, Modemn Developments in Organic Synthesis, Springer, 2000, to obtain compound
(5). Free hydroxyl group of compound (5) is then transformed to bromide with the use of PBrs3,
and next the bromide obtained is transformed into compound (6) with the use of sodium

benzenesulfinate. Alkaline hydrolysis of compound (6) gives compound (7).

Compound (3) is subjected to Friedel-Crafts reaction with compound (7) in an organic solvent
comprising chloroform, toluene, acetonitrile or a mixture thereof, in the presence of a catalytic
amount of Lewis acid, e.g., boron trifluoride etherate, the reaction is then left stirring at ambient
temperature, preferably at the temperature from 20°C to 30°C, most preferably at 25°C, and
then the precipitate form is filtered, which is compound (8), which is optionally rinsed with an
organic solvent, such as acetone, chloroform, toluene, ethyl acetate or a mixture thereof.
Compound (8) is then air dried, or dried using other methods known in the art. The method
according to the invention leads to formation of compound (8) as a pure isomer E. The use of
Lewis acid in amounts larger than 0.3 equivalent, and in particular in equimolar amounts or
slightly larger than equimolar, e.g., 1.2 eq, leads to side reactions, difficulties in purification
and drop of the yield. Depending on the temperature, reaction time is from few minutes to
several dozen hours, e.g., 1h, 6 h, 12 h, 18 h, 24 h, most preferably 24 h. Reaction time can be
established using standard procedures of monitoring of reaction progress, such as TLC, HPLC

or NMR.
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In a preferred embodiment of the synthesis method according to the present invention,
compound (8) is obtained in a crystalline form, which XRPD pattern in the range of diffraction
angle of 5-70 degrees is shown in Fig. 1. XRPD measurements were performed in a classic
Bragg-Brentano focus geometry using a D8 diffractometer (Bruker AXS). Samples were
pressed on a glass dish with the dimensions of the recess around 15x20 mm and a depth of
around 0.25 mm, and were places on the diffractometer axis with the longer recess dimension
in the scattering plane. X-ray Cu lamp was used in the measurements, in an optical system with
divergence of 1°, Ni (1:20) filter and LynxEye strip detector. Soller slits having a vertical
divergence of 5° were used both in a primary beam system and detection system. A radius of a
goniometer is R=217.5 mm. Cu lamp was loaded with a current of 40 mA and voltage of 40
kV with stability of 0.01% / 8 h. After subtracting the measuring background, the diffractogram
was adjusted to the sum of the maxima described by the analytical function (Pearson7) using
Fityk program (ver.1.3.0). The resulting angular positions and the relative intensities of the

peaks are given in the table below.

Angle Intensity Angle Intensity Angle Intensity
7.71 3.84 22.75 4.66 32.29 1.47
8.77 1.62 23.03 433 32.53 1.98
10.79 224 23.24 424 32.96 3.57
11.62 0.85 23.62 8.17 33.32 1.01
11.75 1.66 24.82 15.58 33.61 2.34
12.44 0.98 25.28 11.9 33.95 0.49
12.56 2.28 23.77 1.95 34.08 1.2
13.33 1.97 26.75 3.5 34.58 0.83
14.54 14.76 27.12 4.85 34.8 0.99
14.65 4.7 27.26 0.97 3521 1.62
15.33 9.48 27.57 6.69 35.00 0.82
15.76 5.4 27.75 3.52 35.46 1.07
16.88 0.48 28.09 1.95 36.37 0.7
17.47 100 29.02 1.45 36.66 3.15
18.18 45.04 29.21 5.54 37.22 2.06
18.57 20.6 30.82 4.73 37.65 1.36
19.40 4.7 28.49 0.85 38.15 1.77
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20.05 6.23 28.79 2.13 38.80 0.66
21.56 33.29 30.10 0.97 38.90 0.56
21.24 10.06 30.34 1.04 39.28 0.72
20.80 1.82 30.57 0.8
20.63 1.96 32.01 0.6

In Fig. 2 a DSC spectrum of compound (8) is shown, with a single endotherm around 169°C.
Compound (8) according to the invention is stable and can be long-term stored at the

temperature up to 40°C without signs of degradation.

Compound (8) can be easily transformed into 1,4- unsymmetrically protected menadiol
derivatives, wherein one of the hydroxyl groups is protected with an acyl group such as acetyl,
and the second of the hydroxyl groups of menadiol derivative is protected with an alkyl group,
benzyl group or alkoxy group, such as ethoxymethyl or methoxymethyl. Compound (8) is
therefore a useful intermediate compound in the synthesis of menaquinones, allowing for free
selection of protecting groups, which is usually of significant importance due to reactivity,
yield and ease of purification of derivatives. Compound (8) can be also used in the synthesis
of menaquinones having a number of isoprene groups other than 7, including MK-4, MK-5,
MK-6, MK-8, MK-9, MK-10, MK-11, MK-12 or MK-13 by adjusting the length of the

polyisoprene chain of compounds reacting with compound (8).

Scheme II shows an embodiment of the method for the preparation of compound (11).
Compound (8) is subjected to alkylation reaction of hydroxyl group in position 4 of menadiol
derivative, giving compound (9). Alkylation reactions are performed using alkyl salts, such as
dimethyl sulfate or diethyl sulfate, alkoxy halides such as chloromethylethyl ether or
chloromethylmethyl ether, benzyl halides such as benzyl chloride or benzyl bromide.
Alkylation reactions are performed in the presence of a base, such as tertiary amine, e.g.,
diisopropylethylamine. After isolation, crude compound (9) does not require purification and
is used in the next step. In particular, compound (9) does not require purification by

chromatography.

Compound (9) is transformed into compound (10) as a result of hydrolysis. Preferably,
hydrolysis is performed in the presence of an inorganic base, such as sodium hydroxide or
potassium hydroxide, in a solvent comprising methanol, ethanol, water, acetonitrile,

tetrahydrofuran or a mixture thereof. After isolation, crude compound (10) does not require
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purification and is used in the next step. In particular, compound (10) does not require

purification by chromatography.

Compound (10) is subjected to alkylation reaction of a hydroxyl group at position 1 of menadiol
derivative, giving compound (11). Said reaction is analogous to the alkylation reaction of
hydroxyl group at position 4 described above. After isolation, crude compound (11) does not
require purification and is used in the next step. In particular, compound (11) does not require

purification by column chromatography.
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wherein R1 and R2 are independently -Ci¢-alkyl, -(CH2).-O-C1s-alkyl or benzyl, and wherein

nis 1 or?2.

In order to obtain menaquinone MK-7 by the method according to the present invention, steps

illustrated in embodiment shown in scheme III are performed. Compound (11) is subjected to

Biellmann reaction with compound (17), giving compound (18). Next, compound (18) is

subjected to desulfonylation reaction, giving compound (19). Finally, compound (19) is

subjected to oxidation reaction, giving compound (20). Preferably, the oxidation reaction is

performed using cerium ammonium nitrate. Most preferably, the oxidation reaction is
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performed in a mixture of ethyl acetate and water. Compound (20) can be purified by column
chromatography, and then subjected to crystallization, preferably from the mixture of ethyl

acetate and ethanol, giving compound (20) having a purity above 99%.
Scheme 111
4
OR1 &
(‘ X 0=5=0 "

X
+
N N /ﬁ/\/%ﬁ b
OR2 an {17
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wherein R1 and R2 are independently -C1¢-alkyl, -(CH2)a-O-C16-alkyl or benzyl, and wherein
nis 1 or 2, wherein X is Br, Cl or I, wherein both R3 and R4 are hydrogen or one of R3 and
R4 is hydrogen and the second is phenylsulfonyl group.

Scheme IV shows an embodiment in which compound (17) having one phenylsulfonyl group
and wherein X is Br is obtained. Said compound is known and may be obtained using any
known methods. In an embodiment illustrated by Scheme IV, commercially available farnesol
(E.E,E-farnesol) is used. Compound (14) is obtained from compound (5) as a result of

substitution of hydroxyl group with a bromine atom.
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Scheme IV
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The advantages of the present invention are a provision of high yield and cheap method for the
preparation of MK-7 on an industrial scale. In the present invention, a coupling reaction of an

isoprene chain with a menadiol derivative leads to a crystalline compound (8) with high yield
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and purity. According to the invention, it allows to eliminate the drawbacks known for Kumada
coupling, where expensive palladium catalysts are employed, as well as high regime in the
preparation of organomagnesium derivative has to be maintained. According to the present
invention, raw materials are cheap and commercially available in large quantities. Lewis acid
employed in the synthesis of compound (8), such as e.g., easily available boron trifluoride
etherate, is used in catalytic amounts from 0.1 to 0.3 equivalent. Furthermore, said reaction
proceeds at mild conditions, without the need of cooling or heating to high temperatures, and
the obtained, substantially pure, compound is isolated by simple filtration, allowing for
elimination of tedious and expensive chromatographic purification operations. In the method
for the preparation of MK-7 according to the present invention, in the desulfonylation reaction,
only two, but not three sulfonyl groups are removed, as is the case of some other known
methods, thus limiting the usage of the reducing reagent, which is of vital importance in case
of high price of the reagent. Furthermore, the present invention allows to eliminate a step of

farnesol oxidation, which proceeds with low yield and requires tedious purification.

The subject of the present invention is illustrated by the following examples, which do not limit

its scope.
Examples
Abbreviations used:

DCM - dichloromethane; THF - tetrahydrofuran; DMAP - 4-dimethylaminopyridyne

Examplel Preparation of menadiol (1) and diacetylmenadiol (2
1
O OH <0
(//"\ - 2N )\\\ e = ,t\}://
T Y -
Y RN \‘,// N
0 OH \\‘(O
Menadione o

{1 {2)

A solution of menadione 200 g (1 eq) in ethyl acetate (1700 ml), and a solution of sodium
dithionite 333 g (1.65 eq) in water were added to a flask. It was vigorously stirred at 25°C for
15 min. Stirring was stopped, phases were separated. Organic phase was rinsed with water and

brine. It was concentrated in vacuo, with further azeotropic drying with toluene to obtain
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slightly violet precipitate of compound (1). The precipitate was directed to acylation without

further purification.

To the precipitate it was added toluene 700 ml, and acetic anhydride 400 ml (3.5 eq), and a
catalytic amount of sulfuric acid. After 1 h at 50°C, the solution was cooled and excess
anhydride was decomposed with water at 25°C. Phases were separated, rinsed with water and
brine. Organic layer was concentrated in vacuo to obtain orange precipitate. After
recrystallization from methanol 230 g of white precipitate was obtained. Yield after two steps

77%.

'H NMR (500 MHz, CDCl3) § 7.85 — 7,79 (m, 1H), 7.78 — 7.73 (m, 1H), 7.50 (dddd, 2H), 7.15
(s, 1H), 2.48 (s, 3H), 2.46 (s, 3H), 2.33 (s, 3H), '*C NMR (126 MHz, CDCl5) § 169.39, 168.86,
144.11, 142.13, 127.90, 127.08, 126.49, 126.16, 126.02, 121.46, 121.16, 120.71, 20.99, 20.58,
16.50.

Example 2 Preparation of monoacetvlmenadiol — compound (3

i G
e 0 //U\O
Y Y
‘\\\\/\’L/}/ ............... - i*\\\\\,/ ~. /J/
T 1.
~ QO OH
0
O

2 3)

Substrate (2) 230 g (1 eq), and 1150 ml of a mixture of methanol: water (10:1 v/v) were added
to aflask; around 180 ml of DCM was added as a substrate solubility improver. 115 ml of tert-
butylamine (1.25 eq) was added in one portion. It was stirred for around 3 h at 25°C until
substrate disappearance. Reaction was quenched with 1M aqueous HCI solution, to pH below
6. It was extracted with DCM, rinsed with water and ammonium chloride aqueous solution. It
was concentrated in vacuo to obtain solidifying oil. After crystallization from toluene 166 g of

pale pink precipitate was obtained. Yield 86%.

IH NMR (500 MHz, CDCl3) § 7.96 (d, 1H), 7.64 (d, 1H), 7.48 (ddd, 1H), 7.38 (ddd, 1H), 6.32
(s, 1H), 5.88 (s, 1H), 2.50 (s, 3H), 2.17 (s, 3H), °C NMR (126 MHz, CDCl3) § 170.67, 149.57,
137.61, 127.68, 127.10, 126.56, 124.73, 124.03, 122.30, 120.45, 111.14, 20.81, 16.43.
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Example 3 Svnthesis of the bromide - compound (14)

\n,fo o ,/\Y\\\//’\ﬁ/"\ OH \U.f o V/\\\‘//A\\(/\\\\\T/\ gy
O Q

{8) {14)

166 g of substrate (5) (1 eq) in 450 ml of THF-u was introduced to a reactor. While keeping
the temperature at around 0°C, 11 ml of phosphorus tribromide (0.35 eq) was added dropwise.
After one hour, the reaction was quenched with bicarbonate solution. Next, 460 ml of
cyclohexane was added, and after mixing, phases were separated. Organic phase was rinsed
with water and brine, and then concentrated do dryness. Compound (14) was obtained in

amount of 198 g as an orange oil. Yield 92%.

Example 4 Sulfone synthesis - compound (6)

\r
C=S=0
\\n,/ox\ \ﬂ/‘\/ﬁ//\\gr i \\ﬂ/o\./Y\v/%I/}
O O

{14} {6}

158 g of sodium benzenesulfinate (1.1 eq) and 700 ml of dimethylformamide was added to a
reactor, and then a mixture of 241 g of bromide (14) (1 eq) in 600 ml of ethyl acetate was
added. The whole mixture was stirred for 3 h at 25°C. Reaction was quenched with water. It
was extracted with ethyl acetate. Organic layers were rinsed with water, brine, and concentrated

in vacuo to obtain 246 g of an orange oil. Yield 83%.

'H NMR (500 MHz, CDCls) & 7.86 — 7.80 (m, 2H), 7.66 — 7.59 (m, 1H), 7.53 (1, 2H), 5.23 (iq,
1H), 5.06 — 5.00 (m, 1H), 4.54 (d, 2H), 3.70 (s, 2H), 2.09 — 2.01 (m, 2H), 2.04 (s, 3H), 1.87 (1,
2H), 1.74 (d, 3H), 1.63 (d, 3H), *C NMR (126 MHz, CDCl3) 6 171.16, 141.28, 138.60, 135.46,
133.63, 129.01, 128.60, 123.88, 118.87, 66.26, 61.32, 38.49, 26.55, 21.14, 16.84, 16.47.



10

15

WO 2022/015181 PCT/PL2021/050055

20
Example 5 Hydrolysis — compound (7)
0=S=0 0=S=0
\[rO\/Y\/%H — HO\/\Y\/\H
O
() (7)

225 g of substrate (6) (1 eq) and 550 ml of a mixture methanol:water (10:1 v/v) were added to
a reactor. Next, 40 g of sodium hydroxide (1.1 eq) was added. It was stirred for two hours at
45°C. The mixture was cooled and extracted with DCM. Organic layers were rinsed with water,

brine and concentrated in vacuo. 164 g of an orange oil was obtained. Yield 83%.

'H NMR (500 MHz, CDCls) & 7.87 — 7.83 (m, 2H), 7.67 — 7.60 (m, 1H), 7.54 (dd, 2H), 5.34
(td, 1H), 5.17 = 5.11 (m, 1H), 4.12 (d, 2H), 3.70 (s, 2H), 2.10 (q, 2H), 1.92 (t, 2H), 1.74 (d,
3H), 1.62 (d, 3H), 1.55 (bs, 1H), *C NMR (126 MHz, CDCl3) & 138.96, 138.39, 135.85,
133.67, 129.10, 128.55, 124.39, 123.56, 66.30, 59.40, 38.52, 26.50, 17.00, 16.19.

Example 6 Sulfone synthesis — compound (13)

HO

RN N S e - 8. e N~ o 2 e
N \j/ ot \T N %Tz ............... e o \T/ ~_ »\\}i/ Sy
i

Farnesol {12}

4
N,
)

_;P'\/’(‘\.} "/\\’/:‘{T’/\\‘/Qit”/

o

{13}

220 g of farnesol (1 eq) in 550 ml of THF was introduced to a reactor. It was cooled to around
0°C and 33 ml of phosphorous tribromide (0.35 eq) was added dropwise. After one hour stirring
in an ice bath, the reaction was quenched with aqueous sodium bicarbonate solution. 550 ml of
ethyl acetate was added to the mixture, and after the extraction, phases were separated. Organic
layer was rinsed with water and brine. After evaporation in vacuo, the product was directed to

substitution with sulfonate without purification.
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To the reactor containing a mixture of 180 g sodium benzenesulfinate (1.1 eq) in 800 ml of
dichloromethane, a solution of bromide (12) in 600 ml of ethyl acetate was added. The whole
mixture was stirred for two hours at 25°C. Reaction was quenched with water. After separation
of the phases, organic layer was rinsed with water and brine. After evaporation, 343 g of sulfone

(13) was obtained. Yield for two steps 84%.

'H NMR (500 MHz, CDCls) & 7.87 (dt, 2H), 7.63 (td, 1H), 7.53 (t, 2H), 5.19 (td, 1H), 5.12 —
5.02 (m, 2H), 3.81 (d, 2H), 2.10 — 1.94 (m, 8H), 1.68 (d, 3H), 1.60 (s, 3H), 1.58 (d, 3H), 1.31
(d, 3H), °C NMR (126 MHz, CDCl3) § 146.56, 138.82, 135.86, 133.63, 131.53, 129.06,
128.70, 124.35, 123.45, 110.44, 56.24, 39.83, 39.81, 26.82, 26.30, 25.83, 17.82, 16.31, 16.12.

Example 7 Biellmann coupling — compound (15a)

Cle

~. . ’
Rt
\{}-/ Q‘\z’ QkT’ N %T’ T dS T ’§§[/’\ ~ '\\§‘,/\ ~ "\\§[--’ :

G

~

{143 {13)

AN TR TN AN ZON AN -

S O\/"\\ N Ry YT Ry TR gl g

‘
A
AN
U
o

Ny

{153}

750 ml of THF, 272 g of sulfone (13) (1 eq), 248 g of bromide (14) (1.15 eq) were added to a
reactor. It was cooled to -10°C while stirring, and a solution of 99 g potassium tert-butoxide
(1.15 eq) in 500 ml of THF was added dropwise. After an hour, the reaction was quenched with
water. The mixture was extracted with ethyl acetate, organic layer was rinsed with water and

brine, and concentrated in vacuo to obtain 416 g of an orange oil. Yield 98%.

'H NMR (500 MHz, CDCl3) § 7.87 — 7.80 (m, 2H), 7.64 — 7.57 (m, 1H), 7.50 (1, 2H), 5.33 —
5.26 (m, 1H), 5.12 (t, 1H), 5.10 — 5.00 (m, 2H), 4.90 (d, 1H), 4.55 (d, 2H), 3.87 (ddd, 1H), 2.87
(d, 1H), 2.27 (dd, 1H), 2.11 — 2.01 (m, 4H), 2.03 (s, 3H), 2.01 — 1.87 (m, 8H), 1.67 (d, 3H),
1.66 (d, 3H), 1.59 (d, 3H), 1.57 (d, 3H), 1.52 (d, 3H), 1.16 (d, 3H), *C NMR (126 MHz, CDCl5)
§ 171.18, 145,19, 141.93, 138.12, 135.73, 133.46, 131.51, 130.48, 129.37, 128.80, 127.74,



10

15

20

WO 2022/015181 PCT/PL2021/050055
22

124.32, 123.56, 118.54, 117.39, 63.60, 61.41, 39.83, 39.82, 39.30, 37.44, 26.82, 26.49, 2637,
25.80,21.15, 17.80, 16.53, 16.47, 16.07.

Example 8  Hyvdrolysis — compound (16a

{1 53} e Ho\v//‘\ﬁ//\\//\«/\/ﬁ\j/\\_ \T\\/‘/’\V/

g

\‘) {16a)

416 g of substrate (15a), 1300 ml of a mixture methanol:water (10:1 v/v) were added to a
reactor. 38 g of sodium hydroxide (1.25 eq) was added to the mixture and was stirred for 2 h
at 45°C. Next, the mixture was cooled and extracted with DCM. Organic layers were rinsed
with water, brine, and concentrated in vacuo. After evaporation, the oil was subjected to silica

gel chromatography eluting with cyclohexane : ethyl acetate. After evaporation of the

respective fractions, 259 g of a yellow oil was obtained. Yield 67%.

'H NMR (500 MHz, CDCl3) & 7.87 — 7.81 (m, 2H), 7.64 — 7.57 (m, 1H), 7.50 (1, 2H), 5.37 (iq,
1H), 5.14 (1, 1H), 5.11 — 5.00 (m, 2H), 4.94 — 4.87 (m, 1H), 4.12 (d, 2H), 3.88 (td, 1H), 2.91 —
2.84 (m, 1H), 2.28 (dd, 1H), 2.06 (dp, 4H), 2.01 — 1.87 (m, 8H), 1.67 (d, 3H), 1.63 (d, 3H),
1.60 — 1.58 (m, 3H), 1.57 (d, 3H), 1.53 (s, 3H), 1.41 (bs, 1H), 1.16 (d, 3H), 3C NMR (126
MHz, CDCls) & 145.17, 139.40, 138.13, 135.75, 133.47, 131.55, 130.37, 129.38, 128.81,
127.95, 124.34, 123.65, 123.58, 117.42, 63.63, 59.45, 39.84, 39.32, 37.52, 26.84, 26.49, 26.47,
25.82,17.82, 16.48, 16.36, 16.09, 16.07.

Example 9  Bromide synthesis — compound (17a)

B Br\«/ SNV NGEEN AR e R e N
(16a) \T e \l/{;é:;]/ \T T

< J
e {17a)

110 g of substrate (16a) (1 eq) in 450 ml of THF and 10 ml of pyridine were added to a reactor.

While keeping at around 0°C, 7.3 ml of phosphorous tribromide (0.35 eq) was added dropwise.

After one hour stirring at 0°C, the reaction was quenched with bicarbonate solution. Next, 460

ml of toluene was added, and after mixing, phases were separated. Organic phase was rinsed
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with water and brine, and then concentration to dryness. 116 g of an orange oil was obtained.

Yield 92%.
Example 10 _Friedel-Crafts alkylation — compound (8)
Q . G N
A [ Ao »
E/;\E\:/J\\ - . O=S=0 [%‘\E/‘\I” 0~<§‘>.. 0
N \g’; HO\,/\\\T/\/\T \\V/A\g: ~ ‘\\\ Y T g
@ ) ®

5 11.5 g of monoacetylmenadiol (3) (1 eq), 23 g of compound (7) (1.17 eq) in 70 ml of a mixture
of chloroform:toluene (6:4, v/v) were added to a reactor. Next, catalytic amount of boron
trifluoride etherate (0.1 eq) was added to the mixture. The mixture was left stirring overnight
(18 h) at 25°C. Next, the precipitate was filtered, rinsed with 10 ml of acetone. After air drying,
15.1 g of a white precipitate was obtained. Yield 57%, purity >95%.

10 'H NMR (500 MHz, CDCl5) 5 8.09 (d, 1H), 7.81 (d, 2H), 7.64 (d, 1H), 7.58 (t, 1H), 7.49 — 7.44
(m, 3H), 7.44 — 7.38 (m, 1H), 5.78 (s, 1H), 5.11 — 5.03 (m, 2H), 3.69 (s, 2H), 3.46 (d, 2H), 2.47
(s, 3H), 2.23 (s, 3H), 2.10 (q, 2H), 1.94 (1, 2H), 1.79 (d, 3H), 1.75 (d, 3H), *C NMR (126 MHz,
CDCls) & 169.80, 147.70, 138.82, 138.14, 137.15, 135.61, 133.63, 129.06, 128.52, 126.48,
126.27, 126.25, 125.13, 124.15, 123.81, 122.43, 121.85, 120.73, 120.17, 66.29, 38.63, 26.43,
15 26.36,20.77, 17.01, 16.23, 13.59. Melting point 168.5-170°C.

Example 11 Protection of hvdroxyl group — compound (9a

o AN
I ) . ®

O \.w’/
P ,-L\ g T S o €Y e
SOTUNK; (N:
L\/ﬁ o j\\\/"”\\\\~ AN g I 2 / BN /\\I//
OH
{8} {9a)

122 g of compound (8) (1 eq) in 730 ml of DCM was added to a reactor. Next, 80 ml of
diisopropylethylamine (2 eq) and 47.5 ml of chloromethylethyl ether (2 eq) were added. It was
20  stirred at 25°C overnight. The reaction was quench with water. After separation of the phases,

organic phase was rinsed with water and brine. After evaporation, 119 g was obtained. Yield

94%.
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IH NMR (500 MHz, CDCl5) & 8.08 (dt, 1H), 7.81 — 7.75 (m, 2H), 7.72 — 7.65 (m, 1H), 7.59 —
7.52 (m, 1H), 7.51 — 7.40 (m, 4H), 5.13 (s, 2H), 5.01 — 4.91 (m, 2H), 3.92 (q, 2H), 3.66 (s, 2H),
3.57 (d, 2H), 2.48 (s, 3H), 2.18 (s, 3H), 2.01 (q, 2H), 1.82 (t, 2H), 1.73 (t, 6H), 1.29 (t, 3H),
13C NMR (126 MHz, CDCls) & 169.33, 148.89, 141.30, 138.39, 135.78, 134.99, 133.57,
130.80, 128.93, 128.60, 127.72, 127.15, 126.61, 126.36, 125.83, 123.57, 123.37, 122.77,
121.08, 99.13, 66.25, 66.03, 38.60, 26.77, 26.76, 20.77, 16.79, 16.35, 15.36, 13.28.

Example 12 Hydrolysis — compound (10a)

1 ® ®
e 0 l o OH T
£ ’)\‘ - D Sz = Sy Ozémo
[‘ 0=8=0 f i
\J\J\A PN S /\ﬁ/\\’f\\‘
\/0\/(‘) l 0.0
{Sa} {103)

82 g of compound (9a) (1eq) and 360 ml of a mixture of methanol:water (10:2 v/v) were added
to areactor. 7.1 g of sodium hydroxide (1.2 eq) was added. It was stirred for 1 h at 25°C. The
reaction was quenched with water and neutralized with a mixture of 1M aqueous solution of
hydrochloric acid. It was extracted with DCM. Organic phases were rinsed with water and
ammonium chloride aqueous solution. It was concentrated in vacuo to obtain 70 g of an orange

oil. Yield 92%.

'H NMR (600 MHz, CDCl3) & 8.06 (dd, 1H), 8.03 (dd, 1H), 7.81 — 7.75 (m, 2H), 7.57 — 7.48
(m, 1H), 7.44 (td, 3H), 5.30 — 5.25 (m, 1H), 5.09 (s, 2H), 4.98 (dtd, 2H), 3.91 (g, 2H), 3.64 (s,
2H), 3.56 (d, 2H), 2.26 (s, 3H), 2.06 — 1.98 (m, 2H), 1.83 (t, 2H), 1.73 (d, 3H), 1.71 (d, 3H),
1.28 (t, 3H).

Example 13 Protection of a hvdroxvl group with an alkoxy eroup — compound (11a)

N ﬂﬁ\\\\’
OH ﬂ\/] 0o LA
:/“\/L\\ g 0=5=0 T I’i\\ of o:&gze
ol B ) |
L\\\, /.E/\\ }{;{L\ - \\\\" ey //"\Q /_,,i k.\_/ }»’,// il /\\‘[//\\_ _./A\],f
DO 00
{10a) {11a)

28.6 g of compound (10a) (1eq) in 130 ml of DCM was added to a reactor. Next, 21 ml of
diisopropylethylamine (2 eq) and 11.1 ml of chloromethylethyl ether (2 eq) were added. It was
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stirred at 25°C overnight. The reaction was quenched with water. After separation of the
phases, organic phase was rinsed with water, brine, and concentrated in vacuo. 28.5 g of an

orange oil having a purity of 90% was obtained. Yield 88%.

'H NMR (500 MHz, CDCl3) § 8.09 — 8.01 (m, 2H), 7.78 (dt, 2H), 7.59 — 7.52 (m, 1H), 7.49 —
7.40 (m, 4H), 5.14 (s, 2H), 5.12 (s, 2H), 5.01 — 4.93 (m, 2H), 3.93 (dq, 4H), 3.65 (s, 2H), 3.56
(d, 2H), 2.36 (s, 3H), 2.06 — 1.97 (m, 2H), 1.82 (t, 2H), 1.73 (dd, 6H), 1.29 (td, 6H), *C NMR
(126 MHz, CDCl3) 5 148.02, 147.48, 138.46, 135.87, 134.84, 133.57, 131.12, 128.95, 128.60,
128.11, 127.90, 127.42, 125.71, 125.56, 123.59, 123.52, 122.57, 122.33, 99.07, 98.64, 66.29,
65.99, 38.65, 26.90, 16.79, 16.40, 15.40, 15.38, 13.44.

Example 14  Biellmann coupling — compound (18a)

(11a) © (17a)

@ (18a)

96.5 g of compound (11a) (leq), 109 g of compound (17a) (1.14 eq) and
570 ml of THF were added to a reactor. Next, the mixture was cooled to -30°C, and 200 ml of
1M NaHMDS (Sodium hexamethyldisilazide) solution in THF was added dropwise. After one
hour, the reaction was quenched with water. The mixture was extracted with ethyl acetate.
Organic phases were rinsed with water, brine, and concentrated. 177 g of an orange oil was

obtained, which was directed to desulfonylation.
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'H NMR (500 MHz, CDCls) § 8.10 — 8.01 (m, 2H), 7.82 (dd, 2H), 7.76 (dd, 2H), 7.60 (id, 1H),
7.56—7.52 (m, 1H), 7.49 (1, 2H), 7.47 — 7.40 (m, 4H), 5.13 (d, 4H), 5.12 — 5.04 (m, 2H), 5.04
— 4.94 (m, 3H), 4.88 (d, 1H), 4.84 (t, 1H), 3.93 (dq, 4H), 3.84 (td, 1H), 3.61 — 3.52 (m, 2H),
3.42 (dd, 1H), 2.85 (d, 1H), 2.82 — 2.74 (m, 1H), 2.60 — 2.48 (m, 1H), 2.36 (s, 3H), 2.24 (dd,
1H), 2.04 (q, 2H), 1.99 — 1.80 (m, 14H), 1.72 (s, 3H), 1.67 (d, 3H), 1.61 (s, 3H), 1.59 (s, 3H),
1.56 (s, 3H), 1.55 (s, 3H), 1.47 (s, 3H), 1.29 (td, 6H), 1.13 (d, 3H).

13C NMR (126 MHz, CDCls) & 148.02, 147.51, 145.15, 138.21, 138.15, 138.10, 135.74,
135.62, 135.05, 133.47, 133.42, 131.56, 131.12, 130.20, 130.18, 129.37, 128.98, 128.81,
128.80, 128.14, 128.07, 128.05, 127.90, 127.43, 126.87, 125.72, 125.58, 124.33, 123.59,
123.38, 122.59, 122.36, 119.04, 117.43, 99.10, 98.65, 77.42, 77.16, 76.91, 74.16, 66.02, 66.01,
63.64, 53.56,39.85,39.49, 38.70,37.47, 26.94, 26.91, 26.85, 26.51, 25.84, 24.09, 17.83, 16.47,
16.40, 16.09, 16.04, 16.02, 15.42, 15.40, 13.79, 13.49.

Example 15 Desulfonylation— compound (19a)

R O AN O

(188) o . [f” Ny
\-/ */// N f“\\.}]/f\/ ﬂ\\.{/’ T A\ﬁ/’ \\\,/"\\ﬁ/‘/\\ f§§]’/’\\ RN r/\v/'\_\\T e
00 :

{19a}

174 g of compound (18a) (1 eq) in 400 ml of THF was added to a reactor. The solution was
cooled to around 0°C and 1M superhydride (lithium triethylborohydride) (3 eq) solution in
THF was added dropwise. Next, 8 g of palladium catalyst Pd(dppe)Cl> (0.15 eq) was added. It
was stirred for 2 h at 0°C, and then the reaction was quenched with water. The mixture was
extracted with cyclohexane. Organic layers were rinsed with water, brine, and concentrated in
vacuo. The resulting oil was subjected to silica gel chromatography using a mixture of
cyclohexane:toluene 1:1 (v/v) as eluent. It was concentrated to dryness to give 101 g of a

yellow oil. Yield 79%.

'H NMR (500 MHz, CDCl3) § 8.10 — 8.02 (m, 2H), 7.48 — 7.41 (m, 2H), 5.14 (d, 4H), 5.16 -
5.02 (m, 7H), 3.93 (qd, 4H), 3.60 (d, 2H), 2.40 (s, 3H), 2.11 — 1.92 (m, 24H), 1.80 (d, 3H), 1.69
(d, 3H), 1.63 — 1.55 (m, 18H), 1.30 (td, 6H), *C NMR (126 MHz, CDCls) § 147.93, 147.45,
135.88, 135.28, 135.09, 135.06, 135.04, 135.02, 131.40, 131.37, 128.12, 127.94, 127.60,
125.60, 125.47, 124.56, 124.43,124.42, 124.41,124.34,124.16, 122.99, 122.64, 122.32, 99.11,
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98.61,77.41,77.16,76.91, 66.00, 39.88, 39.87,39.86, 39.81, 26.97,26.92, 26.87,26.85, 26.83,
26.82,26.79,25.84, 17.82, 16.60, 16.16, 16.14, 15.41, 15.40, 13.42.

Example 16  Oxidation — compound (20)

o)
~ Py
(193} [\ \;L g

X o \” = \v/§§ . _,/\/ ,Q\ /\\ /«;\\7 //\\/ ,.-%y/\v«\\T,-\\V//A\\\r/‘\//‘\\}r,_
O H
{29)

99 g of compound (19a) (1 eq) in 475 ml of ethyl acetate was added to a reactor together with
a solution of 148 g of cerium ammonium nitrate (CAN) (2.1 eq) in 525 ml of water. It was
vigorously stirred at 25°C for 15 min. Layers were separated. Organic phase was rinsed with
water, brine, and filtered through a pad of silica gel, and concentrated. After evaporation, 83 g
of yellow crystallizing oil was obtained. After crystallization from a mixture of ethyl acetate

and ethanol, 47 g of compound (20) having a purity above 99% was obtained. Yield 56%.

'H NMR (500 MHz, CDCl3) & 8.12 — 8.04 (m, 2H), 7.72 — 7.65 (m, 2H), 5.14 — 5.04 (m, 7H),
3.37 (d, 2H), 2.19 (s, 3H), 2.11 — 1.89 (m, 24H), 1.79 (s, 3H), 1.68 (s, 3H), 1.59 (s, 12H), 1.56
(s, 6H). BC NMR (126 MHz, CDCl3) & 185.60, 184.66, 146.28, 143.49, 137.70, 135.36,
135.07, 135.06, 135.05, 135.02, 133.47, 133.41, 132.31, 132.27, 131.40, 126.44, 126.33,
124.54, 124.40, 124.40, 124.39, 124.27, 123.97, 119.19, 39.86, 39.82, 26.90, 26.83, 26.80,
26.79, 26.63, 26.14, 25.85,17.83, 16.57, 16.17, 16.16, 16.15, 16.13, 12.83.

melting point = 55°C

Example 17 Protection of hvdroxvl group with a benzyl eroup - compound (11b)

0 N
PN N
OH B\ __,;J o7 i\r,;J
C//’\H/V{\\\IJ O:E:O S /!\\\Tf O:$:0
_ , [ . J
Ry S v""\\.\\ /’—\\,/»\§§ - -
o & ] [

RVl

{10a) {11b}
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30 ml of DCM, 3 g of compound (10a) (1 eq), 1.8 ml of benzyl bromide (2.5 eq) and 2.1 ml of
diisopropylamine (DIPEA) (2 eq) were added to a flask. It was refluxed overnight (18 h). Then,
it was cooled, water was added, and it was extracted. Organic layer was rinsed with water,

brine, and concentrated in vacuo. 2.8 g of oil was obtained. Yield 86%.

'H NMR (600 MHz, CDCl5) & 8.08 (dd, 2H), 7.81 — 7.76 (m, 2H), 7.58 — 7.53 (m, 3H), 7.49 —
7.41 (m, 6H), 7.42 - 7.35 (m, 1H), 5.14 (s, 2H), 5.02 — 4.96 (m, 2H), 4.95 (s, 2H), 3.93 (q, 2H).
3.65 (s, 2H), 3.59 — 3.55 (m, 2H), 2.33 (s, 3H), 2.02 (g, 2H), 1.83 (1, 2H), 1.74 (d, 3H), 1.73 (d,
3H), 1.30 (t, 3H). *C NMR (151 MHz, CDCl3) § 149.24, 147.37, 138.52, 137.72, 135.91,
134.89, 133.58, 131.24, 128.98, 128.73, 128.60, 128.18, 128.02, 127.89, 127.73, 127.34,
125.77, 125.60, 123.59, 123.52, 122.73, 122.20, 99.12, 75.69, 66.31, 66.03, 38.69, 26.96,
26.88, 16.83, 16.43, 15.41, 12.98.

Example 18 Biellmann coupling — compound (18b)

(11b) @ (17a)

@ (18b)

3 g of sulfone (11b) (1 eq), 3.3 g of bromide (17a) (1.2 eq) in 10 ml of THF were added to a
flask. Next, the mixture was cooled to -30°C and 6.3 ml of 1M NaHMDS (Sodium
hexamethyldisilazide) solution in THF was added dropwise. After an hour, the reaction was

quenched with water. The mixture was extracted with ethyl acetate. Organic phases were rinsed
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with water, brine, and concentrated. 5.1 g of an orange oil was obtained, which the oil was

subjected to desulfonylation without further purification.

'H NMR (600 MHz, DMSO-d6) & 8.02 (dd, 2H), 7.81 — 7.76 (m, 2H), 7.74 — 7.71 (m, 2H),
7.71 - 7.67 (m, 1H), 7.66 (t, 1H), 7.60 — 7.47 (m, 8H), 7.44 (1, 2H), 7.39 (1, 1H), 5.09 (s, 2H),
5.04 (s, 1H), 4.99 (q, 2H), 4.97 — 4.91 (m, 2H), 4.89 (s, 2H), 4.78 (1, 1H), 4.71 (d, 1H), 4.06
(td, 1H), 3.83 (q, 2H), 3.64 (dd, 1H), 3.51 (d, 2H), 2.60 (d, 1H), 2.53 — 2.51 (m, 1H), 2.45 —
2.36 (m, 1H), 2.29 (s, 3H), 2.10 (t, 1H), 1.99 — 1.72 (m, 16H), 1.68 (s, 3H), 1.59 (s, 3H), 1.52
(s, 3H), 1.51 (s, 3H), 1.47 (d, 3H), 1.43 (s, 3H), 1.40 (s, 3H), 1.18 (1, 3H), 1.06 (s, 3H).

Example 19  Desuflonvlation — compound (19b)

®
L

T "!\/‘

N

L) R —
i
AN M TN - ~. o - 2 . ~. = - -~ -
R TN Ry \j,’ N \\\T/ \,"\\\\'{// S \\EI/’ S \}l,/’\\// \Y’
f
H H

\\/*O\V/O

{18h)

2.9 g of compound (18b) (1 eq) in 10 ml of THF was added to a reactor. The solution was
cooled to around 0°C, and 8 ml of 1M superhydride (lithium triethylborohydride) (3 eq)
solution in THF was added dropwise. Next, 0.1 g of palladium catalyst Pd(dppe)Cl, was added.
It was stirred for 2 h at 0°C, and then the reaction was quenched with water. The mixture was
extracted with cyclohexane. Organic layers were rinsed with water, brine, and concentrated in
vacuo. The resulting oil was subjected to silica gel chromatography and the residue was filtered
through a pad of silica gel using a mixture of cyclohexane:toluene 1:1 (v:v) as eluent.

Evaporation to dryness gave 1.57 g of a yellow oil. Yield 73%.

'H NMR (600 MHz, CDCl3) & 8.09 (ddd, 2H), 7.57 (d, 2H), 7.48 — 7.41 (m, 4H), 7.41 — 7.35
(m, 1H), 5.16 (s, 2H), 5.15 — 5.05 (m, 7TH), 4.96 (s, 2H), 3.95 (q, 2H), 3.61 (d, 2H), 2.38 (d,
3H), 2.13 - 1.90 (m, 24H), 1.82 (d, 3H), 1.69 (d, 3H), 1.61 — 1.58 (m, 15H), 1.57 (d, 3H), 1.31
(t, 3H).
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Example 20  Oxidation — compound (20)

oy — [T

]/’ e i‘\]//\\//‘\\\\ AN R T e Ry ,‘\\:}[’/\// X

600 mg of substrate (19b) in ethyl acetate, 865 mg of CAN dissolved in water were added to a
flask. It was vigorously stirred for 4 minutes at 25°C. Next, additional amount of ethyl acetate
5 was added, and it was extracted twice with water, and rinsed with brine. After drying with
sodium sulfate, it was filtered through a pad of silica gel and concentrated. 340 mg of

crystallizing oil was obtained. Yield 70%.

NMR analysis conforms to the NMR spectrum of a compound (20) of Example 16. Retention
time of a peak of the product as analyzed by HPLC conforms with retention time of a peak of

10  the product of Example 16.

Example 21  Protection of the hydroxyvl group with an alkvl group — compound (9¢)

0 PN 9 P
Ao » Ao L
N \k\ ol Q::&“{::O ~ /1&§T/ O:iIS:O
§“\\\}, PN N N //i ................. - i*&/’ \ff/:\\/"\\j/’\\f’ "\\?// |

OH ~.0
) {9¢c)

4.1 g of substrate (8) in 30 ml of acetone was added to a flask. Next, 2.3 g of potassium
carbonate, and 2.3 ml of diethyl sulfate were added. It was stirred for 20 h at 25°C. Potassium
15  carbonate was filtered, and the filtrate was concentrated. 15 ml of DCM, 15 ml of 5% aqueous
solution of NaOH were added, and it was stirred for 2 h at 25°C. Next, layers were separated,
and organic layer was rinsed several times with water, and brine. Organic layer was

concentrated to give 4.1 g of an oil. Yield 94%.

'H NMR (500 MHz, CDCl3) & 8.07 — 8.00 (m, 1H), 7.81 — 7.76 (m, 2H), 7.72 — 7.65 (m, 1H),
20 7.60-7.53 (m, 1H), 7.49 — 7.40 (m, 4H), 5.01 — 4.92 (m, 2H), 3.98 (q. 2H), 3.65 (s, 2H), 3.56
—3.51 (m, 2H), 2.48 (s, 3H), 2.19 (s, 3H), 2.01 (q, 2H), 1.82 (t, 2H), 1.73 (dd, 6H), 1.52 (1,
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3H),

13C NMR (126 MHz, CDCls) § 169.42, 150.68, 140.92, 138.43, 135.84, 135.00, 133.58,
130.40, 128.95, 128.61, 127.50, 127.16, 126.62, 126.26, 125.68, 123.55, 123.36, 122.58,
121.16, 70.73, 66.29, 38.65, 26.82, 26.49, 20.79, 16.81, 16.36, 16.04, 13.24.

Example 22  Hyvdrolysis — compound (10¢

O N X
//U\O i ./,{J [\\f; ]
T
NNy O=8=0 ,/\L JT O=S=
[ j X ~~ A
N \\/"'\\\I/’\\//\\\ - NV \T/ PR \ AN \I/
~ ‘/O \/
{8c} {10c¢)

1 g of compound (9¢) (1 eq), 5 ml of methanol, and 0.1 g of sodium hydrosulfite (0.3 eq) were
added to a flask. Next, the solution was cooled in an ice bath, and a solution of 0.15 g NaOH
in 0.5 ml water was added. It was stirred at around 0°C for 2 h, then ammonium chloride was
added, and phases were separated. Organic layer was rinsed several times with water and brine.

After evaporation 0.9 g of yellowish oil was obtained. Yield 89%.

'H NMR (600 MHz, CDCl5) & 8.09 — 8.04 (m, 1H), 8.04 — 7.97 (m, 1H), 7.78 (dd, 2H), 7.55
(tt, 1H), 7.44 (dddd, 4H), 4.98 (td, 2H), 3.94 (q, 2H), 3.64 (s, 2H), 3.53 (d, 2H), 2.28 (s, 3H),
2.02 (q, 2H), 1.83 (1, 2H), 1.79 — 1.74 (m, 3H), 1.71 (s, 3H), 1.50 (1, 3H), *C NMR (151 MHz,
CDCls) & 146,39, 145.22, 138.49, 135.96, 134.70, 133.60, 130.41, 128.98, 128.55, 127.25,
125.51, 125.05, 124.19, 123.85, 123.39, 122.21, 121.30, 117.50, 70.57, 66.30, 38.65, 26.82,
26.52,16.84, 16.39, 16.00, 12.31.

Example 23 Protection of hvdroxvl group — compound (11c)

o D
OH i\./’i .0 \3 \\{‘//
f’\r"J‘\ - 0:%/:0 f’/;\l Ty 0=5=0
];\:/*’;'L\-/;“:\\, Ry \V/Q\T /j S \\{ TN Ry \ﬁ ’}

3.8 g of substrate (10c) in 40 ml of DCM was added to a flask. The mixture was cooled to 0°C,
and 1.4 ml of chloromethylethyl ether, and 2.8 ml of diisopropylethylamine were added. It was
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stirred for 24 h at 0°C. Next, a solution of ammonium chloride was added, layers were
separated, and organic layer was rinsed several times with water and brine. Evaporation to

dryness gave 3.5 g of the product. Yield 82%.

'H NMR (500 MHz, DMSO-d6) & 8.04 — 7.94 (m, 2H), 7.80 — 7.74 (m, 2H), 7.64 (t, 1H), 7.54
(t, 2H), 7.48 (dq, 2H), 5.08 (s, 2H), 4.97 (q, 2H). 3.89 (q. 2H), 3.86 (s, 2H), 3.84 (q, 2H), 3.48
(d, 2H), 2.31 (s, 3H), 1.95 (q, 2H), 1.75 (1, 2H), 1.71 (s, 3H), 1.63 (s, 3H), 1.44 (t, 3H), 1.17 (i,
3H). 3C NMR (126 MHz, DSMO-d6) & 148.47, 147.17, 138.34, 134.74, 134.62, 133.44,
130.29, 128.92, 127.99, 127.46, 127.01, 126.87, 125.50, 125.40, 123.50, 122.79, 122.14,
121.90, 98.07, 70.07, 65.02, 64.61, 38.10, 26.23, 25.97, 16.23, 15.93, 15.62, 15.05, 12.93.

Example 24  Biellmann coupling — compound (18¢)

@ {18¢)

1.3 g of compound (11c¢), 10 ml of THF, and 1.6 g of bromide (17a) (1.2 eq) were added to a
flask. The mixture was cooled to -15°C, and 3 ml of 1M LiHMDS was added dropwise. It was
stirred for an hour at -15°C. The reaction was quenched with water. It was heated to 25°C and
extracted with ethyl acetate. Organic layer was rinsed with water and brine. Evaporation to

dryness gave 2.3 g of an oil. The whole amount of the product was directed to desulfonylation.

'H NMR (600 MHz, DMSO-d6) & 8.01 — 7.96 (m, 1H), 7.95 (dd, 1H), 7.82 — 7.77 (m, 2H),
7.76 - 7.70 (m, 2H), 7.73 - 7.67 (m, 1H), 7.66 (1, 1H), 7.61 — 7.55 (m, 2H), 7.54 (t, 2H), 7.51
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—17.45 (m, 2H), 5.08 (s, 2H), 5.01 (dt, 3H), 4.97 — 4.90 (m, 2H), 4.78 (s, 1H), 4.72 (d, 1H), 4.06
(td, 1H), 3.89 (q. 2H), 3.84 (q, 2H), 3.63 (dd, 1H), 3.47 (d, 2H), 2.61 (d, 1H), 2.54 — 2.51 (m,
1H), 2.44 — 2.36 (m, 1H), 2.30 (s, 3H), 2.11 (1, 1H), 2.01 — 1.73 (m, 16H), 1.69 (s, 3H), 1.59
(s, 3H), 1.51 (s, 6H), 1.49 — 1.47 (m, 3H), 1.45 — 1.38 (m, 9H), 1.17 (t, 3H), 1.07 (s, 3H).

Example 25 Desulfonylation — compound (19¢)

/_/'\ O,/‘\ O
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{19¢)

1.2 g of compound (18¢) (1 eq) in 10 ml of THF was added to a reactor. The solution was
cooled to around 0°C, and 3.5 ml of 1M superhydride (lithium triethylborohydride) (3 eq)
solution in THF was added dropwise. Next, 0.1 g of palladium catalyst Pd(dppe)Cl» (0.15 eq)
was added. It was stirred for 2 h at 0°C, next the reaction was quenched with water. The mixture
was extracted with cyclohexane. Organic layers were rinsed with water, brine, and
concentrated in vacuo. The resulting oil was subjected to silica gel chromatography using a
mixture of cyclohexane:toluene 1:1 (v/v) as eluent. Evaporation to dryness gave 0.66 g of a

yellow oil. Yield 76%.

'H NMR (600 MHz, CDCls) & 8.03 (ddt, 2H), 7.47 — 7.39 (m, 2H), 5.14 (s, 2H), 5.15 — 5.05
(m, 7H), 3.98 (d, 2H), 3.94 (d, 2H), 3.59 — 3.54 (m, 2H), 2.39 (s, 3H), 2.12 — 1.88 (m, 24H),
1.82 (d, 3H), 1.70 — 1.63 (m, 3H), 1.62 — 1.56 (m, 18H), 1.52 (t, 3H), 1.30 (td, 3H).

Example 26 Oxidation — compound (20)

o
EI/,\TJL\T/

{18} |
s } 34 . N - - - ~ . N .
R '\H/ S RN R \\-"/‘\\'krl\ S \§§[/ /\\-’/\[’/ R N \\\T/

O

{20}

525 mg of substrate (19¢) in ethyl acetate, and 825 mg of CAN dissolved in water were added
to a flask. It was vigorously stirred for 5 minutes at 25°C. Next, additional amount of ethyl
acetate was added, extracted twice with water, and rinsed with brine. After drying with sodium
sulfate, it was filtered through a pad of silica gel and concentrated. 350 mg of crystallizing oil
was obtained. Yield 76%.
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NMR analysis of the product conforms to the NMR spectrum of a compound (20) of Example

16. Retention time of a peak of the product as analyzed by HPLC conforms with retention time

of a peak of the product of Example 16.
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CLAIMS

1. A method for the preparation of a menaquinone of formula (20)

5 (20)

characterized in that, the method comprises coupling a compound of formula (11)
@
OR1 \(
0
\/\Y\/ '\\H

OR2

with a compound of formula (17)

R3
R4 (17)

10 in the presence of a base, to obtain a compound of formula (18)
I
X O S‘O
(18).

which is subjected to desulfonylation reaction in the presence of a palladium catalyst,

to obtain a compound of formula (19)

C%}WWYVW\Y

(19),

15
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which is subjected to oxidation reaction, to obtain the menaquinone of formula (20),

wherein R1 and R2 are independently -Cis-alkyl, -(CH2)a-O-C1s-alkyl or benzyl, and
wherein n is 1 or 2, wherein X is Br, Cl, or I, wherein both R3 and R4 are hydrogen,

or one from R3 and R4 is hydrogen and the second is phenylsulfonyl group.

The method according to claim 1, characterized in that, R1 and R2 are
independently -CHj3, -CH2-CHs, -CH»2-O-CH3, -CH2-O-CH»-CH3, -CH»2-CH2-O-CH3, -
CH»-CH»-O-CH»-CH3s or benzyl, X is Br, R3 is hydrogen, and R4 is phenylsulfonyl
group.

The method according to any of preceding claims, wherein coupling reaction of a
compound of formula (11) with a compound of formula (17) is performed in
tetrahydrofuran as an organic solvent, in the presence of sodium N,N-
bis(trimethylsilyl)amide (NaHMDS) or lithium N,N-bis(trimethylsilyl)amide
(LiIHMDS) as a base, and at the temperature below 0°C, preferably below -30°C.

The method according to any of preceding claims, wherein desulfonylation reaction of
a compound of formula (18) is performed in tetrahydrofuran, in the presence of
Pd(dppe)Cl> as a palladium catalyst, using lithium triethylborohydride, at the
temperature below 20°C, preferably at 0°C.

The method according to any of preceding claims, wherein the oxidation reaction of a
compound of formula (19) is performed using cerium ammonium nitrate.

The method according to claim 5, wherein in the oxidation reaction of a compound of
formula (19) a mixture of ethyl acetate and water is used as a solvent.

The method according to any of preceding claims, wherein compound (8) is used to

obtain compound (11)

(3).
wherein compound (8) is obtained in Friedel-Crafts reaction of a compound of
formula (3)
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(0

OH (3)

with a compound of formula (7)

Q=6=0

HO L~ Y

(M.
8. The method according to claim 7, wherein said Friedel-Crafts reaction is performed in
5 the presence of boron trifluoride etherate, in a solvent being a mixture of chloroform
and toluene, at the temperature of 0°C, 5°C, 10°C, 15°C, 20°C, 25°C, 30°C, 35°C or
40°C, preferably at the temperature from 20°C to 30°C, most preferably at 25°C.
9. A compound of formula (8)

{w ‘\\\ -~ \\\v” Qi Qi
:\\.\{ﬁ:‘ e, "’:j'\\ ARy T«" S Ry o ;
b (8).
10 10. The compound according to claim 9 in a crystalline form, having characteristic peaks

in X-ray powder diffraction (XRPD) spectrum recorded using X-ray Cu lamp at the
following diffraction angles 2-theta: 17.47, 18.18, 21.56 = 0.2°.
11. A compound of formula (11)

OR1 ©

O:?:O

OR2 11),

15 wherein R1 and R2 are independently -Cis-alkyl, -(CH2)a-O-C1s-alkyl or benzyl, and

whereinnis 1 or 2.
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12. The compound according to claim 11, wherein for R1 being -Cs-alkyl, -(CH2)n-O-C;-
¢-alkyl or benzyl, R2 is -(CH»).-O-Cis-alkyl, wherein for R2 being -Cis-alkyl, -
(CH2)u-O-Ci¢-alkyl or benzyl, R1 is -(CH»)n-O-C1s-alkyl.

13. The compound according to claim 11, wherein the compound of formula (11) is

5 selected from a group consisting of compounds of formula
¢
oG g
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14. A compound of formula (19)

e e e

(19),

10

wherein R1 and R2 are independently -C1.s-alkyl, -(CH2).-O-C1s-alkyl or benzyl,

whereinnis 1 or 2,
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15.

10

15

5

wherein for R1 being -Ci¢-alkyl, -(CH2)s-O-Ci6-alkyl or benzyl, R2 is -(CH2)n-O-Ci-
s-alkyl,
wherein for R2 being -Ci¢-alkyl, -(CH2)s-O-Ci6-alkyl or benzyl, R1 is -(CH2)n-O-Ci-
c-alkyl.

The compound according to claim 14, wherein the compound of formula (19) is

selected from a group consisting of compounds of formula

a0
\gWﬁ/\/\r\/Y\/Y\/Y
(1%9a),

YT Y YT

~O 0
(19b)
or
!
Oe S = BN RN R \/YW
\\/O



PCT/PL2021/050055

11

SVuss000 el
t»\..\w.
e
s
S
SR L

il

e

B e ceaies
B 7

N

ol
6
ME2T, 2800w,

Rl

\‘“::&'f"b*w\?‘?\}“‘ o

R

1

A

¥

Ang

3

R

NN

A
+74

X

1
3
sratennga
Fig. 1
Fig. 2

5,

H

e
o

%,

TR TS g

20
s

£

G b

WO 2022/015181
RN

g A
o =
=
5 (o
P @7
s

fb 4 T

1y g Y W5
g5 5 bt 1

Fan . e o
“*+ oot 4 Bt

% LBy %3 b
L) Ay L] Wy
3 oy

Fas
Ssunns] ALFUauY

'm -

W

bed

Tosd

B
B8

w3

ou




INTERNATIONAL SEARCH REPORT

International application No

PCT/PL2021/050055

A. CLASSIFICATION OF SUBJECT MATTER

INV. C07C46/02 C07C50/14
ADD.

C07C41/18

C07C43/285 C07C317/22

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

co7C

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal, CHEM ABS Data, WPI Data

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

cited in the application
the whole document

17 April 2014 (2014-04-17)
cited in the application
the whole document

A WO 2019/194690 Al (INST FARMACEUTYCZNY 1-15
[PL]) 10 October 2019 (2019-10-10)

A WO 2014/058330 A2 (INST FARMACEUTYCZNY 1-15
[PL]; VITASYNTH SP Z 0 0 [PL])

D Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

29 October 2021

Date of mailing of the international search report

09/11/2021

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Fritz, Martin

Form PCT/ISA/210 (second sheet) (April 2005)




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/PL2021/050055
Patent document Publication Patent family Publication

cited in search report date member(s) date

WO 2019194690 Al 10-10-2019  EP 3774707 Al 17-02-2021
US 2021317060 Al 14-10-2021
WO 2019194690 Al 10-10-2019

WO 2014058330 A2 17-04-2014 AU 2013330517 Al 28-05-2015
BR 112015008021 A2 04-07-2017
CA 2888010 Al 17-04-2014
CN 104903282 A 09-09-2015
CY 1121117 T1 11-12-2019
DK 2917171 13 07-01-2019
EP 2917171 A2 16-09-2015
ES 2701808 T3 26-02-2019
IL 238199 A 30-04-2017
JP 2015531404 A 02-11-2015
KR 20150091469 A 11-08-2015
LT 2917171 T 25-01-2019
PL 2917171 13 30-04-2019
RU 2015117398 A 27-11-2016
TN 2015000137 Al 03-10-2016
TR 201818397 T4 21-01-2019
US 2015291498 Al 15-10-2015
WO 2014058330 A2 17-04-2014

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - description
	Page 34 - description
	Page 35 - description
	Page 36 - claims
	Page 37 - claims
	Page 38 - claims
	Page 39 - claims
	Page 40 - claims
	Page 41 - drawings
	Page 42 - wo-search-report
	Page 43 - wo-search-report

