wo 2017/191282 A1 | 00000 O

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

World Intellectual P <
O remiation = 00O O
International Bureau = (10) International Publication Number
(43) International Publication Date -—-/ WO 201 7/ 1 91282 Al

09 November 2017 (09.11.2017) WIPOI|IPCT

(51) International Patent Classification:

Published:
C07D 321/00 (2006.01) C07€ 59/60 (2006.01) —  with international search report (Art. 21(3))
(21) International Application Number: —  before the expiration of the time limit for amending the
PCT/EP2017/060702 claims and to be republished in the event of receipt of

(22) International Filing Date: amendments (Rule 48.2(h))

04 May 2017 (04.05.2017)
(25) Filing Language: English
(26) Publication Language: English

(30) Priority Data:
PA 2016 00273 04 May 2016 (04.05.2016) DK

(71) Applicant: HALDOR TOPSOE A/S [DK/DK]; Haldor
Topsees Allé 1, 2800 Kgs. Lyngby (DK).

(72) Imventors: TAARNING, Esben; Smallegade 24, 3th, 2000
Frederiksberg (DK). SOLVH@J, Amanda Birgitte; Fens-
marksgade 26, 4th, 2200 Copenhagen (DK).

(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, 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).

Declarations under Rule 4.17:

— as to the identity of the inventor (Rule 4.17(i))

— as to applicant’s entitlement to apply for and be granted a
patent (Rule 4.17(ii))

— as to the applicant’s entitlement to claim the priority of the
earlier application (Rule 4.17(iii))

— of'inventorship (Rule 4.17(iv))

(54) Title: NEW ADIPATE-TYPE COMPOUNDS AND A PROCESS OF PREPARING IT

(57) Abstract: The present invention regards new adipate-type compounds suitable as an intermediate in organic chemistry, a platform
chemical for the production of other chemicals, and as a monomer and co-monomer useful for the preparation of polymers and co-
polymers. The invention also regards the process of preparing the new adipate-type compounds from bio-based raw materials such
as sugars.



10

15

20

25

30

WO 2017/191282 PCT/EP2017/060702

Title: New adipate-type compounds and a process of preparing it

Technical Field

The present invention regards a new compound suitable as an intermediate in organic
chemistry, a platform chemical for the production of other chemicals, and as a mono-

mer and co-monomer useful for the preparation of polymers and co-polymers. The in-
vention also regards the process of preparing the new compound from bio-based raw

materials such as sugars.

Background

In the chemical industry there is a great need for low-cost functionalized molecules that
can be used for the production of polymers with improved performance characteristics.
Polyesters comprise monomers with at least two chemical groups capable of binding
together and forming a polymer chain. Molecules containing more than two functional
groups can be desirable to use in polyester synthesis since they often lead to modified
performance characteristics. Often such molecules are made via a complex chemical
synthesis and require multiple processing steps, making them expensive and difficult to
obtain. It is therefore relevant to find simple, low-cost ways of producing such mole-
cules. In recent years, much attention has been directed towards developing efficient
methods for obtaining chemical building blocks from renewable bio-based sources.
Such molecules which can be produced directly from biomass at low cost, and which
have the potential to be used for the synthesis of other chemicals, may be referred to

as ‘platform molecules’.

One platform molecule which is available from renewable sources, is methyl vinyl gly-
colate (methyl 2-hydroxybut-3-enoate, MVG). It is available e.g. by zeolite catalyzed
degradation of mono- and/or disaccharides, such as described in EP 2 184 270. MVG
has the potential to become an important renewable platform molecule for commer-
cially relevant applications. MVG is a small molecule with a simple structure, and yet it
possesses several functional groups, providing it with ample handles for many different

chemical transformations.
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Recently the formation of a vinyl glycolide dimer from 2-hydroxybut-3-enoic acid has
been achieved in up to 24% yield, employing a shape selective zeolite catalyst (M.
Dusselier, P. Van Wouwe, A. Dewaele, P. A. Jacobs, B. F. Sels, Science 2015, 349,
78-80).

MVG has also been copolymerized with lactic acid (LA), thus providing the possibility of
tuning the properties of poly-lactic acid (PLA)-based polymers. This can be done either
by varying the ratio between MVG and LA or through functionalization of the reactive
vinyl side chain of the MVG units (M. Dusselier, P. Van Wouwe, S. De Smet, R. De
Clercq, L. Verbelen, P. Van Puyvelde, F. E. Du Prez, B. F. Sels, ACS Catal. 2013, 3,
1786-1800).

Grubbs catalysts immobilized on silica supports have been tested on various sub-
strates for catalytic activity and product selectivity. In Table 6, entry 8, butyl vinyl glyco-
late was converted in nonane as solvent in the presence of 2" generation Hoveyda-
Grubbs catalyst into an adipate-type compound. However, the yield is very low, and the

end product does not crystallize.

There is still a need for highly functionalized platform molecules which can be produced

from renewable sources and by simple methods.

Summary of Invention
According to the present invention a novel adipate-type compound is provided,

of the formula I:

wherein

R' is selected from the group consisting of H-; and C+-C; alkyl; and

R? is selected from the group consisting of -H; and -CHa.
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R1 may be substituted with a heteroatom selected from N and Ol (arr11;

Such adipate-type compounds are highly functionalized and possess advantageous
characteristics as platform molecules (or base chemical/intermediate) for the chemical
industry such as for producing polyesters. They may be polymerized or copolymerized

with other monomers, such as e.g. lactic acid.

The adipate-type compound of the formula (1) is a structurally interesting molecule for
which many applications can be envisioned. The 1,6-diester structure resembles the
structure of adipic acid, and therefore the compound of formula | can be utilized in simi-
lar applications, such as building blocks for polymers. Unlike adipic acid though, the
adipate type dimer of the formula (1) possesses two substituents (R?) which introduces
the possibility of using it as a functionalized polyester monomer. Polymerization of poly-
mers derived from the building blocks of the present invention have been described in
the article “Synthesis of Novel Renewable Polyesters and Polyamides with Olefin Me-
tathesis”, Dewaele, Annelies, Meerten, Lotte, Verbelen, Leander, Eyley, Samuel,
Thielemans, Wim, Van Puyvelde, Peter, Dusselier, Michiel, Sels, Bert, ACS Sustaina-
ble Chem. Eng. 2016, 4 (11) pp 5943-5962.

In an aspect of the present invention R? is -H. In another aspect of the present inven-

tion R1 is selected from the group consisting of -H, -CHs,and -CH2CHs. In a further as-
pect of the present invention R' and R? each are -CHs. In yet a further aspect, R is Cs-
C.alkyl and R? is H. In another aspect of the present invention the C-C double bond of

the compound of formula | is in (E)-configuration.
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The adipate-type compounds of the formula (1) may according to the present invention

be prepared by a process comprising the steps of:

i) providing a compound of the formula:

O

o

~q \l/% (1)
O
\\“‘RJZ

R1 is selected from the group consisting of H-; and C+-C; alkyl andR2 is selected from

wherein
the group consisting of -H; and -CHgs;

10 ii) providing a catalyst material catalyzing a metathesis reaction;
i) converting the compound of i) in the presence of the catalytic material of ii); and

iv) recovering a reaction product comprising a compound of the formula (1).

R1 may be substituted with a heteroatom selected from N and O.(au7(2)
15
Generally, the process will be carried out by adding a feed comprising compound (l1)

and the catalyst material to a reaction vessel. Generally stirring is preferred.

A “catalyst material catalyzing a metathesis reaction” or a “metathesis catalyst material”
20 for use in the process according to the present invention is any material catalyzing a
metathesis reaction such as described in US 2009/0264672. A suitable metathesis cat-

alyst is accordingly a material comprising a compound of the general formula (XI):

L1
X1\ | /(L3)n

M
x| ¥ R ()
L2 %

R2
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Wherein

M is a transition metal, such as ruthenium, molybdenum, osmium, chromium, rhenium
and tungsten, and preferably a group 8 transition metal;

L', L? and L3 are each neutral electron donor ligands;

nis 0 or 1, so that L3 may or may not be present;

mis 0,1 or 2;

X' and X?are each anionic ligands; and

R' and R? are each independently selected from the group consisting of hydrogen, hy-
drocarbyl, substituted hydrocarbyl, heteroatom containing hydro-carbyl, substituted het-

eroatom containing hydro-carbyl, and functional groups.

The catalyst material may be used in a homogeneous form or in a heterogeneous form,
such as immobilized on a support, such as described in “Immobilized Grubbs Catalyst
on Mesoporous silica materials: insight into support characteristics and their impact on
catalytic activity and product selectivity”, Dewaele, Annelies, Van Berlo, Boris, Dijk-
mans, Jan, Jacobs, Pierre A., Sels, Bert F, Catal. Sci. Technol., 2016, 6, 2580-2597.

In an embodiment, the compound (ll) is provided in the form of a feed, which comprises
at least 50 wt% of the compound (ll). The substrate and the catalyst material of step ii)
are mixed in step iii) to form a reaction mixture and the conversion in step iii) of com-
pound (Il) in to compound (I) takes place within the reaction mixture. Optionally also
solvent is added. Preferably the mixture is exposed to mixing and preferably the mixing
and converting takes place in a suitable reaction vessel, such as a stirred tank reactor.
Ethylene formed during the conversion is preferably removed, since it can lower the ac-

tivity of the catalytic material.

According to an aspect of the present invention, the compound of formula (l) is recov-
ered as a composition comprising the compound of the formula (I). The composition
may be the reaction product recovered in step iv) of the process according to the inven-
tion. Accordingly, the composition may further comprise a solvent and/or catalyst mate-
rial. In an embodiment, the composition comprises at least 80 wt% such as at least 90,
95, 97 wt%, or such as 80-100, 90-100, 95-100 or 97-100 wt% of the (E)-isomer of the

compound of formula (1).
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The conversion of step iii) is preferably conducted with stirring and it is preferably con-
ducted at a temperature in the range of from 20 to 120°C, more preferred of from 30 to
100°C. The period of time that the heating is applied in step iii) is preferably in the
range of from 5 minutes to 24 hours. In and embodiment, the pressure is in the range
of from 1 to 1000 kPa, such as from 10-125 kPa.

The compound (I1) may be dissolved in an organic solvent, such as methyl lactate,
ethyl lactate, toluene or dichloromethane, or mixtures thereof. The solvent is preferably
miscible with the compound (I1) and the catalyst material, but not with the compound
produced (compound (I)). Preferably, the initial concentration of the compound (I1) in
the reaction mixture is at least 5wt%, such as in the range of from 5-90wt%, or 10-
90wt%.

In an embodiment, step iii) is conducted without the addition of solvent. Accordingly,
the reaction mixture comprises at least 50 wt% of the compound (I1) and the rest may
be other products from the preparation of compound (ll), e.g. alkyl lactates, such as
methyl and/or, ethyl lactate. Preferably, the reaction mixture comprises from 50 to 99.9
wt% of the compound (Il), such as from 70 to 99.9, 80 to 99.9 or 95 to 99.9 wt% An ad-
vantage of not using a solvent in step iii) of the process of producing the compound of
formula | is that there is no solvent to remove after the conversion is completed. For the
process according to the present invention, the yield of compound | has surprisingly
shown to increase when no solvent was added. When no solvent is added in step iii)
the conversion of compound (ll) is also referred to as taking place in a solvent-free en-
vironment. When the conversion is carried out in a solvent-free environment, more than
95% of the reaction product is surprisingly recovered in (E)-configuration (or as the (E)-
isomer). This is an advantage, since the (E)-configuration is more stable than the (Z)-
configuration. Without being bound by theory, the inventors believe, that the solvent-
free environment provides that the more abundant isomer will precipitate. At the same
time the two isomers will be in equilibrium, and thus the more abundant isomer will con-
tinue to precipitate and the less abundant will convert into the more abundant one little
by little. This equilibrium between the two isomers is catalyzed by the metathesis cata-
lyst. If an organic solvent is present, however, this phenomenon is not observed, prob-

ably due to lack of precipitation of the (E)-isomer.
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An advantage of converting the compound (Il) in a solvent-free environment allows a
low loading of catalyst material. In an embodiment, the catalyst loading is from 1 to

10,000 ppm of catalyst relative to compound (II) on a molar basis.

The recovery of reaction product in step iv) may be a simple collection of the reaction
product resulting from the conversion. The reaction product may be exposed to a purifi-
cation such as removal of any solvent or removal of any byproducts or reactants. Purifi-
cation may be conducted by distillation, column chromatography or other suitable
method.

The process may be conducted using a batch reactor or a continuous reactor (reaction
vessel).

In general the reaction scheme for homo metathesis of vinyl glycolic acid and ester de-
rivatives of vinyl glycolic acid (compound Il where R2=H) forming an adipate-type com-

pound may be depicted as follows:

o (III) 0 oH IV

2 R']\O)S/\ —_— R1\O)MO\R1 +CH2CH2

OH OH 0
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Wherein R1 = H in the case the substrate is vinyl glycolic acid also known as 2-hy-
droxy-3-butenoic acid (VGA) and the adipate-type compound is 2,5-dihydroxy-hex-3-
enedioic acid; Ry = CHjs in the case the substrate is methyl vinyl glycolate (MVG) also
known as methyl 2-hydroxy-3-butenoate and the adipate-type compound is 2,5-dihy-
droxy-hex-3-enedioic acid dimethyl ester; R1 = CH>CHj3 in the case the substrate is
ethyl vinyl glycolate (EVG) also known as ethyl 2-hydroxy-3-butenoate and the adipate-
type compound is 2,5-dihydroxy-hex-3-enedioic acid diethyl ester; Ry = CH,CH>CHs in
the case the substrate is propyl 2-hydroxy-3-butenoate and the adipate-type compound
is 2,5-dihydroxy-hex-3-enedioic acid dipropyl ester; Ry = CH(CHs3), in the case the sub-
strate is isopropyl 2-hydroxy-3-butenoate and the adipate-type compound is 2,5-dihy-
droxy-hex-3-enedioic acid diisopropyl ester; Ry = CH,CH>CH>CH3 in the case the sub-
strate is butyl 2-hydroxy-3-butenoate and the adipate-type compound is 2,5-dihydroxy-
hex-3-enedioic acid dibutyl ester or Ry = any C4-C12 alkyl group in which case the sub-
strate is C1-C12 alkyl 2-hydroxy-3-butenoate and the adipate-type compound is 2,5-di-
hydroxy-hex-3-enedioic acid di(C+-C12 alkyl) ester.

2,5-dihydroxy-hex-3-enedioic acid (compound (IV), when R'=H) and 2,5-dihydroxy-hex-
3-enedioic acid dimethyl ester (compound (IV), when R'=CHjs) can be transformed one

into the other by standard esterification or hydrolysis procedures, respectively.

According to an aspect of the present invention another novel adipate-type compound

is provided of the formula V:

o) O\X’O o
— (V)

OH

HO

wherein

X = (CHa)p [n = 2-6]
or

X = CH,CH(CH3)CH,
or

X= CHQC(CHg}gCHQ
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, and preferably, nis 2 or 3.

The compounds of formula (V) are also highly functionalized and possess advanta-
geous characteristics as platform molecules (or base chemical/intermediate) for the
chemical industry such as for producing polyesters. They are also suitable as mono-

mers for ring opening polymerization reactions.

The adipate-type compounds of formula (V), may according to the present invention be
prepared by a process comprising the steps of:

i) providing a compound of the formula (VI):

OH OH
\)\W ~, \H)\/
0 X '

wherein

X = (CHa)p [n = 2-6]
of

X = CH,CH(CH3)CH>
or

X = CHEC(GHQ.}QCHQ

, and preferably, nis 2 or 3;
ii) providing a catalyst material catalyzing a metathesis reaction;
i) converting the compound of i) in the presence of the catalyst material of ii); and

iv) recovering the reaction product comprising a compound of the formula (V).

Generally, the process will be carried out by adding a feed comprising compound (V)

and the catalyst material to a reaction vessel. Generally stirring is preferred.

The catalyst material may be used in a homogeneous form or in a heterogeneous form,

such as immobilized on a support as described earlier.
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In an embodiment, the compound (V1) is provided in the form of a feed, which com-
prises from 10 to 50 wt% of the compound (VI). The feed and the catalyst material of
step ii) are mixed in step iii) to form a reaction mixture and the conversion in step iii) of
compound (V1) into compound (V) takes place within the reaction mixture. Optionally
the reaction mixture also contains a solvent. Preferably the mixture is exposed to mix-
ing and preferably the mixing and converting takes place in a suitable reaction vessel,
such as a stirred tank reactor. Ethylene formed during the conversion is preferably re-

moved, since it can lower the activity of the catalytic material.

The process may be conducted using a batch reactor or a continuous reactor (reaction

vessel).

According to an aspect of the present invention, the compound of formula (V) is recov-
ered as a composition comprising the compound of the formula (V). The composition
may be the reaction product recovered in step iv) of the process according to the inven-
tion. Accordingly, the composition may further comprise a solvent and/or catalyst mate-

rial.

The conversion of step iii) is preferably conducted with stirring and it is preferably con-
ducted at a temperature in the range of from 20 to 120°C, more preferred of from 30 to
100°C. The period of time that the heating is applied in step iii) is preferably in the
range of from 5 minutes to 24 hours. In an embodiment, the pressure is in the range of
from 1 to 1000 kPa, such as from 10-125 kPa.

The compound (V1) may be dissolved in an organic solvent, such as methyl lactate,
ethyl lactate, toluene or dichlormethane, or mixtures thereof. The solvent is preferably
miscible with the compound (V1) and the catalyst material, but not with the compound
produced (compound (V)). Preferably, the initial concentration of the compound (V1) in
the reaction mixture is at least 5wt%, such as in the range of from 5-80wt%, or 10-
70wt%.
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The recovery of reaction product in step iv) may be a simple collection of the reaction
product resulting from the conversion. The reaction product may be exposed to a purifi-
cation such as removal of any solvent or removal of any byproducts or reactants. Purifi-
cation may be conducted by distillation, column chromatography or other suitable

method.

In a particular embodiment of the invention, the substrate is 2-hydroxy-but-3-enoic acid
2-(2-hydroxy-but-3-enoyloxy)-ethyl ester (compound VII)) which upon metathesis reac-
tion is converted into the adipate-type compound 6,9-dihydroxy-2,3,6,9-tetrahydro-

[1,4]dioxecine-5,10-dione (see compound (VIII) in the scheme below

)- (VII) (VITI)
=z
o OH i o0 >0~ 0
/\/OW
MO O%\/\IOH
OH o OH

In yet another particular embodiment of the invention, the substrate is 2-hydroxy-but-3-
enoic acid 3-(2-hydroxy-but-3-enoyloxy)-propyl ester (compound (X)) which upon me-
tathesis is converted into the adipate-type compound 7,10-dihydroxy-1,5-dioxa-cy-

cloundec-8-ene-6,11-dione (see compound (X) in the scheme below).

(IX) =z
OH OH
WO\/\/OW 4
o o

compounds of the formula (V) and specifically of the formula (VIII) and (X) are also suit-

able as monomers for ring opening polymerization reactions.

The compounds of formula (VI) may be prepared from MVG by conducting a trans-

esterification reaction as described in example 2.
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The adipate-type compounds according to the present invention are suitable as inter-
mediates in the production of alternating co-polymers. In particular, they are suitable as
co-monomers in the production of polyesters and polyamides. Their chemical structure
enables them to be used as di-acids in combination with diols such as 1,2-ethanediol,
1,3-propanediol, 1,4-butanediol, 1,5-pentanediol and 1,6-hexanediol, cyclohexane di-
methanol, or other similar linear diols for the synthesis of [A-B]. type co-polyesters.
Similarly, the adipate-type compounds can be used as di-acids in combination with dia-
mines such as 1,2-diaminoethane, 1,3-diaminopropane, 1,4-diaminobutane, 1,5-dia-
minopentane and 1,6-diaminohexane, para-phenylenediamine, or other similar dia-
mines for the synthesis of [A-B]. type co-polyamides. The resulting polyester and poly-
amide materials obtained contain the secondary alcohol and olefin moieties from the
adipate-type compounds in their backbone, allowing for further functionalization of the
polymer if desired. Furthermore, the adipate-type compounds can be used as co-mon-
omers in poly(lactic acid) and poly(glycolic acid) polyester materials either by conver-
sion first to cyclic [1,4]dioxane-2,5-dione compounds together with lactic acid, glycolic
acid or vinyl glycolic acid followed by co-polymerization with lactide, or by direct reac-

tion with lactic acid or glycolic acid.

When the vinyl glycolate substrate is reacted in the absence of solvent, the yield of
adipate type compound has shown to be particularly high. Accordingly, yields as high
as 70%, 75%, 80%, 85%, 90% or even as high as 91, 92, 93, 94 or 95% have been ob-

tained.

Preferred catalysts according to the invention are Grubbs 2" generation catalysts and
Hoveyda-Grubbs 2™ generation catalyst. In particular, Grubb’s 2™ generation catalysts
and Hoveyda-Grubbs 2" generation catalysts have been found to give a high yield of
the adipate type compound and the amount of catalyst necessary was low. Accord-
ingly, the 2" generation catalyst gave an isolated yield of 75% of 2,5-dihydroxy-hex-3-

enedioic acid dimethyl ester with a 0.4% loading of catalyst.
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Accordingly, a preferred catalytic material of step ii) comprises a catalyst of the for-
mula:

L1

X1\I\|/|/(L3)n

X2/|¥C R (XI)
L2 %

R2

wherein

M is a transition metal, for example ruthenium, molybdenum, osmium, chromium, rhe-
nium and tungsten, and preferably a group 8 transition metal;

L2 and L® are neutral electron donor ligands;

nis 0 or1;

mis 0,1 or 2;

X' and X? are anionic ligands;

R' and R? are each selected independently from the group consisting of hydrogen, hy-
drocarbyl, substituted hydrocarbyl, heteroatom containing hydro-carbyl, substituted het-

eroatom containing hydro-carbyl, and functional groups; and

L' is a carbene of the formula:

([c|:3 9, ([cﬂ RY,
Nt NN

wherein

(XII)

Y and X are heteroatoms, such as N, O, S or P, and if X and/or Y are O or S, then p
and/or q are 0, respectively;

Q', @2, Q% and Q* are linkers, such as hydrocarbylene (including substituted hydro-
carbylene, heteroatom containing hydro-carbylene, substituted heteroatom containing
hydro-carbylene) or —(CO)-, and two or more substituents on adjacent atoms within Q*,

Q?, Q% and Q* may be linked to form an additional cyclic group;
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s, t, u, vareeach O or 1; and
R3, R* R®and R® are each selected independently from the group consisting of hydro-
gen, hydrocarbyl, substituted hydrocarbyl, heteroatom containing hydro-carbyl, substi-

tuted heteroatom containing hydro-carbyl, and functional groups.

Preferably the catalyst is of the formula:

Q

R3/N
Y (XIITI)

L2 |
R2
wherein

M, L2, L3, n, X', X2, R", R? are as defined previously; and

Preferably at least one, and more preferably both, of the substituents R* and R* are ali-
cyclic or aromatic and may or may not contain heteroatoms and/or substituents.

Q is a linker so that the entire ligand is an N-heterocyclic Carbene (NHC) ligand. Q is
selected from the group consisting of hydrocarbylenes, substituted hydrocarbylenes,
heteroatom containing hydro-carbylenes, and substituted heteroatom containing hydro-
carbylenes, where two or more adjacent substituents in Q may be linked to form a poly-

cyclic structure of two or more fused rings.

Another preferred catalytic material of step ii) comprises a catalyst of the formula:

/(L3

XIV
X2 | \C|)/ ( )
L2
\R2
wherein

M, LY, L2, L3, n, X', X2, R, R? are as defined previously; and

L2 and R? are linked to form a bidentate ligand.
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Preferably the catalytic material of step ii) comprises a compound of the formula:
/ Q\
(XV)
L3

X2 | \C/
L2 |
R2
wherein

M, LY, L2, L3, n, X', X2, R", R?, R3, R* and Q are as defined previously; and

L2 and R? are linked to form a bidentate ligand.

In the formulas of the catalysts given in formulas (X) to (XIV), the references to R' R?
and X are different from those R' R? and X mentioned in formulas (I) to (IX) mentioned

in the processes and should not be used to interpret the claims.

In an aspect of the invention the process of preparing 2,5-dihydroxy-hex-3-enedioic
acid or esters thereof comprises the steps of:

a) Providing a feedstock solution of a sugar composition;

b) Converting the sugar in the presence of a metallo-silicate material and one or
more metal ions, such as one or more of potassium ion, sodium ion, lithium ion,
rubidium ion and caesium ion, to obtain a product;

c) providing a catalyst material catalyzing a metatesis reaction;

d) converting the product of b) in the presence of the catalytic material of ¢)

e) v recovering the reaction product comprising 2,5-dihydroxy-hex-3-enedioic

acid or esters thereof.

The sugar composition preferably comprises one or more C6 and/or C5 and/or C4
and/or C3 and/or C2 saccharide units selected from the group consisting of sucrose,
xylose, mannose, tagatose, galactose, glucose, fructose, sugar syrup, threose,

erythrose, erythrulose, dihydroxyacetone, glyceraldehyde and glycolaldehyde,.
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Suitable metallo silicate materials are those capable of converting the saccharide units
into compound (I). See e.g. WO 2016/083137 for details on the conversion of the sac-
charide units into compound (II) which also suggest suitable reaction conditions for
steps a) and b) above. For steps ¢) to e) above, the same reaction conditions apply as

stated previously.

There will be bi-products in the product obtained in step b). It will comprise e.g. methyl
lactate and/or ethyl lactate in various amounts. Therefore, the product of step b) may

optionally be subjected to a purification step in which the concentration of a compound
corresponding to formula |l is increased prior to being contacted with the material cata-

lyzing a metathesis reaction of step c).

Specific catalysts useful in the process according to the present invention are e.g.:

P(Cy)s

Clu, (XV1)

Cl/M_—\

Ph

N N
Mes— N “Mes

Cl/M_—\

Ph

(XVII)
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[\

N N
Mes™ N\~ Mes

Cly, (XVIII)

As exemplified herein, catalytic homo metathesis of the compound of formula Il using
Grubbs-type catalysts (including Grubbs 1%, Grubbs 2" and Hoveyda-Grubbs cata-
lysts) affords the compound of formula | in excellent yield and with meso stereochemi-

cal configuration.

The metathesis reaction can be carried out industrially in a stirred tank reactor. When a
stirred tank reactor is used, the feed comprising the compound of formula (ll) or the
compound of formula (VI), such as methyl vinyl glycolate, is preferably loaded into the
tank containing the metathesis catalyst material, and the temperature may be adjusted
in order to optimize the reaction rate and maintain a high productivity for the catalyst
present in the tank. Preferably, the reactor comprises a mechanical stirrer, which pro-
vides a thorough mixing of the entire reaction mixture in order to keep the catalyst in
constant contact with the substrate and avoid heterogeneities to develop in the reaction
mixture. The formed ethylene co-product is continuously leaked from the reactor to
avoid ethylene poisoning of the metathesis catalyst and to avoid any pressure build-up,
and the ethylene may be compressed and collected for other use if desired. The entire
metathesis reaction may be performed either as a batch process or continuously. It can
be performed continuously by constantly feeding the feedstock and fresh catalyst to the
reactor, while collecting precipitated metathesis product, and optionally also catalyst, at
a similar rate. The collected metathesis product may be drained for unconverted sub-
strate and catalyst, which may be recycled to the reactor. The catalyst collected, may

be subjected to a regeneration or reactivation process.

Alternative processes can be envisaged so long as they are industrially applicable.
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Definitions

In the present context, “adipate type compounds” are meant to refer to any compound
consisting of a Ce- chain which has either two carboxylic acid groups, one ester and
one carboxylic acid group or two ester groups, placed in a 1,6-relationship to each
other. The carbon chain may be saturated or unsaturated and it may contain substitu-
ents on 0, 1, 2, 3 or 4 of the four available carbon-atoms. The substituents may be se-
lected from a group consisting of hydrocarbyl, substituted hydrocarbyl, heteroatom con-

taining hydrocarbyl, hydroxyl, hetero atoms and functional groups.

The reference to “a compound ()" is meant to refer to “a compound of the formula (l)”.

And similarly for reference to compound (Il) etc.

The term “vinyl glycolate substrate” is meant to refer to vinyl glycolic acid, 2-hydroxy
but-3-enoic acid, or an ester hereof. In general, the term substrate is meant to refer to

the compound of formula (1) or to the compound of formula (V).

The term “catalyst material catalyzing a metathesis reaction” is meant to refer to any
compound which catalyzes a metathesis reaction such as described in US
2009/0264672. It may also be referred to as a “metathesis catalyst” or a “metathesis

catalyst material”.

The “percentage loading of catalyst” in the reactor may be defined as the percentage

(mol/mol) of the catalyst compared to the substrate.

The “yield” is calculated as a percentage (mol/mol) of the maximum theoretical yield of

the reaction (Ymax= mol compound [1/2).
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The term “without the addition of solvent” is meant to refer to avoiding to dilute the sub-
strate for the process, i.e. to retain a high concentration of substrate. In practice, the
substrate may be provided in a form which comprises bi-products. The bi-products may
originate from the preparation of that component. l.e. the substrate may not be pure. If
the substrate is produced by conversion of sugar, it may e.g. be provided in a form
which comprises e.g. methyl lactate and/or ethyl lactate in various amounts. In practice
the compound (I1) will be present in the feed at a concentration of at least 50 wt% and
the rest may be other products from the preparation of compound (ll), e.g. alkyl lac-
tates, such as methyl and/or, ethyl lactate. Preferably, the feed comprises from 50 to
100 wt% of the compound (ll), such as from 70 to 100, 80 to 100 or 95 to 100 wt%.
When the feed has been mixed with the catalyst material to form a reaction mixture, the
concentration of substrate will be slightly lower, the lowering depending on the catalyst
loading. However, high purity of substrate in the reaction mixture allows low loading of
catalyst, yet retaining the high yields. When the process is carried out in a continuous
manner, the concentration of compound (ll) in the reaction mixture is in the same
range, since the reaction product of formula (I) will precipitate from the reaction mixture
and may be recovered on a continuous basis. “Without the addition of solvent” may

also be referred to as “solvent-free”.

The “reaction mixture” is meant to refer to the mixture wherein the conversion of com-
pound (1) into compound (1) takes place in the presence of the catalytic material. It may
include a solvent if such has been added. Preferably, the reaction mixture refers to the

mixture contained in the reaction vessel in which the conversion takes place.

The term “feed” is meant to refer to the fluid added to the reaction vessel comprising
the compound of formula (1) or the compound of formula (VI).The feed may also com-

prise a solvent.

In the present context, the terms “reacting” and “converting” is meant to refer to the

same and the terms “reaction” and “conversion” is meant to refer to the same.
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Example

Example 1: Preparation of 2,5-dihydroxy-hex-3-enedioic acid dimethyl ester

In a clean dry glass flask equipped with a coldfinger condenser and a spigot suitable
for connection to a vacuum outlet/gas inlet was placed a magnetic stirbar and the me-
5 tathesis catalyst. The flask was evacuated and purged with dry nitrogen several times.
Methyl Vinyl Glycolate (the substrate) and optionally solvent (examples 3, 4 and 5) was
added to the reaction vessel by the use of a syringe to form a reaction mixture. The re-
action mixture was heated in an oil bath at 80 °C for 18 hours under a nitrogen atmos-
phere. After cooling to room temperature the metathesis product was obtained (or re-
10 covered) as a colorless solid. The compound was purified by recrystallization from ethyl

acetate. All of the Grubbs catalysts used are ruthenium based.

Table 1. Yield of 2,5-dihydroxy-hex-3-enedioic acid dimethyl ester from MVG.

Catalyst Loading Amount of | Solvent Yield
Imol% substrate Irelative vol- | /mol
/mmol ume %

1 Grubbs 1st gen. 5 10 - 8 %
2 Grubbs 2nd gen. 0.3 5 - 74 %
3 Grubbs 2nd gen. 0.3 2.5 Toluene 1:1 55 %
4 Grubbs 2nd gen. 0.3 5 Toluene 2:1 63 %
5 Grubbs 2nd gen. 2.2 25 EtOAc 4:1 46 %
6 Grubbs 2nd gen. 0.4 10 - 75 %
7 Grubbs 2nd gen. 0.4 19 - 85 %
8 Grubbs 2nd gen. 0.4 39 - 88 %
9 Hoveyda-Grubbs 2nd gen. | 0.4 2.5 - 73 %
10 Hoveyda-Grubbs 2nd gen. | 0.4 19 - 93 %
11 Hoveyda-Grubbs 2nd gen. | 0.2 19 - 90 %
12 Hoveyda-Grubbs 2nd gen. | 0.05 20 - 77 %
13 Hoveyda-Grubbs 2nd gen. | 0.045 39 - 80 %

15 The resulting product has 2 stereocenters, corresponding to three different stereoiso-

mers, of which one is a meso form. Taking into account the possibility of forming both

the (E)- and the (Z)-isomer, the total number of different isomers amounts to six. Sur-
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prisingly, the reaction yields only one isomeric form of the product, which was deter-
mined by X-ray diffraction to be the meso form of the (E)-isomer. NMR spectra of the
crude reaction mixture show no signals from a (Z)-double bond, and a GC of the crude

reaction mixture show no presence of other diastereomeric forms.

It appears from rows 3, 4 and 5 that the yields are lower, when a solvent is addet to the

reaction mixture.

Example 2: preparation of a compound of formula (VII) from MVG

In a 50 ml round bottomed flask is put 5,0 g of MVG (43,1 mmol), 1,3 g of ethylene gly-
col (21,0 mmol) and 25 ml of anhydrous toluene. Finally, 500 mg of strongly acidic
resin is added (Amberlyst 15) and the product mixture is refluxed gently for one hour.
The flask is fitted with a distillation head and over the course of two hours, 15 ml of lig-
uid is distilled from the flask. The residue is cooled to room temperature and filtered
and then concentrated to obtain around 5 ml of liquid product which is purified by col-
umn chromatography to obtain the diester of ethylene glycol and vinyl glycolic acid

(compound (VII).

Example 3: Preparation of 6,9-dihydroxy-2,3,6,9-tetrahydro-[1,4]dioxecine-5,10-dione

(compound (VIII))

compound (V1) is made according to this method:

In a 25 ml round bottomed flask containing 10 ml toluene is added 2,26 g of 2-hydroxy-
but-3-enoic acid 2-(2-hydroxy-but-3-enoyloxy)-ethyl ester (compound VIl) and 31,0 mg
of Hoveyda Grubbs 2™ generation catalyst under argon atmosphere (0,5% loading).
The flask is heated on an oil bath at 80 °C for 18 hours. Analysis of the reaction mixture
by GCMS shows that the starting material is almost completely converted and a new

peak with M/Z 198, corresponding to compound (VIIl) appears.

Example 4: Preparation of 7,10-dihydroxy-1,5-dioxa-cycloundec-8-ene-6,11-dione

(compound (X))

compound (X) is made according to this method:
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In a 25 ml round bottomed flask containing 10 ml toluene is added 2,40 g of 2-hydroxy-
but-3-enoic acid 3-(2-hydroxy-but-3-enoyloxy)-propyl ester (compound 1X) and 31,0 mg
of Hoveyda Grubbs 2™ generation catalyst under argon atmosphere (0,5% loading).
The flask is heated on an oil bath at 80 °C for 18 hours. Analysis of the reaction mixture
by GCMS shows that the starting material is almost completely converted and a new

peak with M/Z 212, corresponding to compound (X) appears.
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Embodiments

Embodiment 1. A compound of the formula I:

R2
0O \O

0 R’

5 wherein
R'is selected from the group consisting of H-; and C4-C12 alkyl; optionally substi-
tuted with a heteroatom selected from N, O, F, P, S, Cl, Br, and [;

R? is selected from the group consisting of -H; and -CHa.
10 Embodiment 2. The compound according to embodiment 1, wherein R? is -H.
Embodiment 3. The compound according to any one of embodiments 1 or 2,

wherein R' is selected from the group consisting of -H, -CH3 or -CH,CHj, -
C3H7 and -C4Hg.

15
Embodiment 4. The compound according to embodiment 1, wherein R! and R?
each are -CHs.
Embodiment 5. The compound according to any one of embodiments 1 to 4,
20 wherein the double bond is (E) configuration.

Embodiment 6. A process for preparing the compound according to any one of em-
bodiments 1 to 5 comprising the steps of:

a. providing a compound of the formula:
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wherein
R'is selected from the group consisting of H-; and C4-C12 alkyl; optionally substi-
tuted with a heteroatom selected from O, N, S, F, Cl, Br, and [;

R? is selected from the group consisting of -H; and -CHg;

b. providing a catalyst material catalysing a metathesis reaction;
c. converting the compound of i) in the presence of the catalytic material
of ii); and

d. recovering the reaction product.

Embodiment 7. The process according to embodiment 6, wherein the conversion

temperature of iii) is in the range of from 20 to 120°C.

Embodiment 8. The process according to any one of embodiments 6 or 7, wherein
step iii) is continued for a period of time in the range of from 5 minutes to 24

hours.

Embodiment 9. The process according to any one of embodiments 6 to 8, wherein

the conversion step of iii) is conducted without the addition of solvent.

Embodiment 10. The process according to any one of embodiments 6 to 8,
wherein the conversion step of iii) is conducted in the presence of an alkyl lac-

tate, such as methyl, ethyl lactate or a mixture thereof.

Embodiment 11. The process according to any one of embodiments 6 to 10,

wherein the catalytic material of step ii) comprises a compound of the formula:
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wherein

M is a transition metal, for example ruthenium, molybdenum, osmium, chromium,
rhenium and tungsten, preferably a group 8 transition metal,

L2 and L® are neutral electron donor ligands;

nis 0 or1;

mis 0,1 or 2;

X' and X? are anionic ligands;

R' and R? are each selected independently from the group consisting of hydrogen,
hydrocarbyl, substituted hydrocarbyl, heteroatom containing hydro-carbyl, substi-

tuted heteroatom containing hydro-carbyl, and functional groups; and

L' is a carbene of the formula:

(o, (o,

R3 X Y. R4
Wherein

Y and Z are heteroatoms, such as N, O, S or P, and if X and/orY are O or S, then

p and/or q are 0, respectively,

Q1, Q2, Q3 and Q4 are linkers, such as hydrocarbylene (including substituted hy-
drocarbylene, heteroatom containing hydro-carbylene, substituted heteroatom con-
taining hydro-carbylene) or —-(CO)-, and two or more substituents on adjacent at-
oms within Q1, Q2, Q3 and Q4 may be linked to form an additional cyclic group;

s, t u vareeach O or1
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R3, R4, R5 and R6 are each selected independently from the group consisting of
hydrogen, hydrocarbyl, substituted hydrocarbyl, heteroatom containing hydro-car-

byl, substituted heteroatom containing hydro-carbyl, and functional groups.

Embodiment 12. The process according to embodiment 11, wherein the catalytic

material of step ii) comprises a compound of the formula:

Q

3
e,
C/

X1
x2/|\|/|\

12|

R2

wherein
M, L2, L3, n, X1, X2, R1, R2 are as defined previously, and
Preferably at least one, and more preferably both, of the substituents R3 and R4
are alicyclic or aromatic and may or may not contain heteroatoms and/or substitu-
ents.
Q is a linker selected from the group consisting of hydrocarbylenes, substituted hy-
drocarbylenes, heteroatom containing hydro-carbylenes, and substituted heteroa-
tom containing hydrocarbylenes, where two or more adjacent substituents in Q
may be linked to form a polycyclic structure of two or more fused rings, so that the

entire ligand is an N-heterocyclic Carbene (NHC) ligand.

Embodiment 13. The process according to any one of embodiments 6 to 10,

wherein the catalytic material of step ii) comprises a compound of the formula:



10

15

20

WO 2017/191282 PCT/EP2017/060702

277

L1
A,
x| Xxc”

12|

R2
Wherein

M, L1, L2, L3, n, X1, X2, R1, R2 are as defined previously, and

L2 and R2 are linked to form a bidentate ligand.

Embodiment 14. The process according to embodiment 13, wherein the catalytic

material of step ii) comprises a compound of the formula:

Q

L3)
S TR
| ¢

X'I
x|
L2
N
Wherein

M, L1, L2, L3, n, X1, X2, R1, R2, R3, R4 and Q are as defined previously, and

L2 and R2 are linked to form a bidentate ligand.

Embodiment 15. The process according to any one of embodiments 6 to 14 con-

ducted under continuous conditions.

Embodiment 16. A process of preparing 2,5-dihydroxy-hex-3-enedioic acid or es-
ters thereof comprising the steps of:
i. Providing a feedstock solution of a sugar composition;
ii. Converting the sugar in the presence of a metallo-silicate mate-
rial and one or more metal ions, such as one or more of potas-
sium ion, sodium ion, lithium ion, rubidium ion and caesium ion;

iii. providing a catalyst material catalysing a metatesis reaction;
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iv. converting the compound of i) in the presence of the catalytic
material of ii)

iv) recovering the reaction product.
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Claims
1. A compound of the formula I
O R2\O
R1\O X O~k 1)
O\ 0]

wherein
R'is selected from the group consisting of -H; and C+-C; alkyl; and
R? is selected from the group consisting of -H; and -CHs.

2. The compound according to claim 1, wherein R? is -H.

3. The compound according to any one of claims 1 or 2, wherein R is selected from

the group consisting of -H, -CHs, and -CH2CHs.

4. The compound according to claim 1, wherein R' and R? each are -CHa.

5. The compound according to any one of claims 1 to 4, wherein the C-C double bond

of Compound (1) is in (E) configuration.

6. A composition comprising a compound of formula (I) according to any one of claims
1-5.

7. The composition according to claim 6, further comprising a solvent.
8. The composition according to any one of claims 6 or 7, wherein at least 80 wt% such
as at least 90, 95, 97 wt%, or such as 80-100, 90-100, 95-100 or 97-100 wt% of the

compound of formula (1) is in (E)-configuration.

9. A process for preparing the compound according to any one of claims 1 to 5 or the

composition of any one of claims 6 to 8, comprising the steps of:
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i) providing a compound of the formula:

wherein
R'is selected from the group consisting of H-; and C+-C; alkyl; and

R? is selected from the group consisting of -H; and -CHg;

ii) providing a catalyst material catalyzing a metathesis reaction;
i) converting the compound of i) in the presence of the catalytic material of ii); and

iv) recovering a reaction product comprising a compound of the formula (1).

10. The process according to claim 9, wherein the conversion temperature of iii) is in
the range of from 20 to 120°C.

11. The process according to any one of claims 9 or 10, wherein step iii) is continued

for a period of time in the range of from 5 minutes to 24 hours.

12. The process according to any one of claims 9 to 11, wherein the conversion step of
iii) is conducted at a pressure in the range of from 1 to 1000 kPa, such as from 10 to
125 kPa.

13. The process according to any one of claims 9 to 12, wherein the conversion step of

i) is conducted without the addition of solvent.

14. The process according to claim 13, wherein the compound of the formula (ll) is pro-

vided in a feed comprising at least 50 wt% of the compound (lI).

15. The process according to any one of claims 9 to 12, wherein the conversion step of
iii) is conducted in the presence of an alkyl lactate, such as methyl lactate, ethyl lactate,

or a mixture thereof.
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16. The process according to any one of claims 9 to 15 conducted under continuous

conditions.

17. A process of preparing 2,5-dihydroxy-hex-3-enedioic acid or esters thereof com-
prising the steps of:

a) Providing a feedstock solution of a sugar composition;

b) Converting the sugar in the presence of a metallo-silicate material and one or
more metal ions, such as one or more of potassium ion, sodium ion, lithium ion,
rubidium ion and caesium ion, to obtain a product;

¢) providing a catalyst material catalyzing a metathesis reaction;

d) converting the compound of b) in the presence of the catalyst material of ¢); and

e) recovering the reaction product comprising 2,5-dihydroxy-hex-3-enedioic acid

or the methyl ester thereof.

18. The process according to claim 17, wherein the sugar composition comprises one
or more C6 and/or C5 and/or C4 and/or C3 and/or C2 saccharide units selected from
the group consisting of sucrose, xylose, mannose, tagatose, galactose, glucose, fruc-
tose, sugar syrup, threose, erythrose, erythrulose, dihydroxyacetone, glyceraldehyde

and glycolaldehyde.

19. The process according to any one of claims 17 or 18, wherein the product of step
b) is subjected to a purification step prior to being contacted with the catalyst material

of step c).

20. A product obtainable by the process according to any one of claims 17 to 19 com-

prising 2,5-dihydroxy-hex-3-enedioic acid or the methyl ester thereof.
21. The product according to claim 20 wherein at least 80 wt% such as at least 90, 95,
97 wt%, or such as 80-100, 90-100, 95-100 or 97-100 wt% of the 2,5-dihydroxy-hex-3-

enedioic acid or the methyl ester thereof, is in (E)-configuration.

22. A compound of the formula V:
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O X’O

HO
OH

wherein

X = (CHa)p [n = 2-6]
of

X = CH,CH(CH3)CH,
or

X = CHEC(GHQ.)QCHQ

23. The compound according to claim 22, wherein n is 2 or 3.

10 24. A process for preparing the compound according to any one of claims 22 or 23
comprising the steps of:

i) providing a compound of the formula (VI):

OH OH
\)\W ~, \H)\/
0 X '

15
wherein

X = (CHz)p [n = 2-6]
or

X = CH,CH(CH3)CH,
or

X = CHQC(CHg}gGHg

20 ii) providing a catalyst material catalyzing a metathesis reaction;
i) converting the compound of i) in the presence of the catalyst material of ii); and

iv) recovering the reaction product comprising a compound of the formula (V).
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25. The process according to claim 24, wherein n is 2 or 3.

26. The process according to any one of claims 24 or 25, wherein the conversion tem-

perature of iii) is in the range of from 20 to 120°C.

27. The process according to any one of claims 24 to 26, wherein step iii) is continued

for a period of time in the range of from 5 minutes to 24 hours.

28. The process according to any one of claims 24 to 27, wherein the conversion step
of iii) is conducted at a pressure in the range of from 1 to 1000 kPa, such as from 10 to
125 kPa.

29. The process according to any one of claims 24 to 28, wherein the conversion step
of iii) is conducted in the presence of a solvent selected from methyl lactate, ethyl lac-

tate, toluene or dichlormethane, or mixtures thereof.
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International application No.
INTERNATIONAL SEARCH REPORT PCT/EP2017/060702
Box No.ll Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. I:' Claims Nos.:
because they relate to subject matter not required to be searched by this Authority, namely:

2. I:' Claims Nos.:
because they relate to parts of the international application that do not comply with the prescribed requirements to such
an extent that no meaningful international search can be carried out, specifically:

3. |:| Claims Nos.:
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. lll Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

see additional sheet

-

As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. I:' As all searchable claims could be searched without effort justifying an additional fees, this Authority did not invite payment of
additional fees.

3. As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:
1-21
Remark on Protest The additional search fees were accompanied by the applicant's protest and, where applicable, the

payment of a protest fee.

The additional search fees were accompanied by the applicant's protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

I:' No protest accompanied the payment of additional search fees.
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International Application No. PCT/ EP2017/ 060702

FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 210

This International Searching Authority found multiple (groups of)
inventions in this international application, as follows:

1. claims: 1-21

A compound of formula (I) and its preparation.

2. claims: 22-29

A compound of formula (V) and its preparation
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