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DESCRIPTION

Field of the invention

[0001] The present invention relates to a process for synthesis of 456,7-
tetrahydroisoxazolo[5,4-c]pyridin-3-ol abbreviated THIP, having the INN name gaboxadol,
starting from pyrrolidin-2-one. The process comprises a new direct process to obtain the
intermediate dimethyl 5-hydroxy-3,6-dihydropyridine-1,4(2H)-dicarboxylate or the intermediate
diethyl 5-hydroxy-3,6-dihydropyridine-1,4(2H)-dicarboxylate.

Background

[0002] The compound 4,5,6,7-tetrahydroisoxazolo[5,4-c]pyridin-3-ol abbreviated THIP, having
the INN name gaboxadol, was disclosed for the first time in EP Patent No. 0000338 and has

the molecular structure depicted below.
HO

A\

o

N

(gaboxadol)

[0003] Gaboxadol is a GABAA receptor agonist with functional selectivity for the delta
containing GABAA receptor. Gaboxadol has been suggested for use in treating a variety of
neurological and psychiatric disorders such as epilepsy, Parkinson's disease, schizophrenia
and Huntington's chorea. WO 97/02813 discloses the use of gaboxadol for treatment of sleep
disorders, and positive results have been obtained in pre-clinical models of depression (WO
2004/112786).

[0004] Gaboxadol may be prepared using methods that are well known in the art. EP 0000338
and Krogsgaard-Larsen, Acta Chem. Scand. B, (1977), 31. 584-588 disclose a process
wherein gaboxadol is prepared from ethyl-1-benzyl-3-oxopiperidine-4-carboxylate. Rong and
Chang, Chin. J .Med. Chem. (2007), 17:166-169 disclose a process for manufacture of
gaboxadol starting from glycine ester hydrochloride, benzyl chloride and -butyrolactone. WO
2005/023820 discloses a process for manufacture of gaboxadol from 3,N-Dihydroxy-
isonicotinamide as starting material via the intermediate isoxazolo 5,4-c pyridin-3-ol (HIP).

[0005] There is a need for a superior alternative to the current manufacturing processes of
gaboxadol with respect to parameters such as cost-effectiveness, safety, robustness and
applicability for industrial scale.

Summary of the invention
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[0006] The present inventors have found a new process for synthesis of gaboxadol comprising
a direct process to obtain dimethyl 5-hydroxy-3,6-dihydropyridine-1,4(2H)-dicarboxylate, a key
intermediate in the gaboxadol synthesis. The process has the advantages of being a cost-
effective industrial process with a good atom-economy (avoiding the use of a bulky protection
group) starting from cheap and readily available starting materials. A further advantage of the
process is that it is suitable for industrial upscaling.

[0007] In one embodiment, the invention relates to a process for the manufacture of
gaboxadol, or for the manufacture of the compound of formula VI below,

OH
R1—0 0]
=0
6] O0—R2

V1
wherein both of R1 and R2 are either methyl or ethyl, said process comprising the following

step,

1. a) reacting a compound of formula |,

WO
N

H

I

with an anhydrous acid and a methyl alcohol or ethyl alcohol to obtain a compound of
formula Il,

@]
HZNW \R2

0]

mn
wherein R2 is methyl when methyl alcohol is applied in the reaction, and ethyl when ethyl
alcohol is applied in the reaction.

[0008] In another embodiment, the invention relates to a process for the manufacture of
gaboxadol, or for the manufacture of the compound of formula VI below,

OH
R1—0O 0
=0
6] 0—R2

VI
wherein both of R1 and R2 are either methyl or ethyl, said process comprising the following

steps,
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b) reacting the compound of formula Il
O\
H2NW R2
0

11
with a base and methyl- or ethyl glyoxylate to obtain a compound of formula lll,

0
N/\/\H/ ~Ro>
(1

O

R3

\

1

¢) converting the compound of formula Ill to a compound of formula IV by hydrogenation

0
HN/\/\H/ “R2
o
0
R3”

v

d) reacting the compound of formula IV with methyl- or ethyl chloroformate to obtain the
compound of formula V

0
ri
>0 N

<

wherein R1 is methyl when methyl chloroformate is applied in the reaction, or ethyl when ethyl
chloroformate is applied in the reaction, and

wherein R2 independently represents methyl or ethyl, and

wherein R3 is methyl when methyl glyoxylate is applied in the reaction, or ethyl when ethyl
glyoxylate is applied in the reaction.

[0009] In another embodiment, the invention relates to a process for the manufacture of

gaboxadol, or for the manufacture of the compound of formula VI below,
OH

R1—O O
-
o) O0—R2

\VA|
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v

said process comprising the following step,
e) reacting the compound of formula V

Q
R1 )I\ 0

0] 0]

0
R3”

A%
with sodium methoxide in methanol or sodium ethoxide in ethanol to obtain the compound of
formula VI,

OH
R1—O 0
e
(@) 0—R2
VI
wherein R1, R2 and R3 of the compound of formula V independently represents methyl or
ethyl, and wherein R1 and R2 of the compound of formula VI are both methyl when sodium

methoxide in methanol is applied in the reaction, or R1 and R2 of the compound of formula VI
are both ethyl when sodium ethoxide in ethanol is applied in the reaction.

[0010] In one embodiment, the invention relates to a process for the manufacture of
gaboxadol, or for the manufacture of the compound of formula VI, said process comprising all
the process steps a), b), ¢), d) and e) presented above.

Definitions

[0011] Throughout the description, the term gaboxadol is intended to include any form of the
compound, such as the free base (zwitter ion) and pharmaceutically acceptable salts. The
zwitterion and pharmaceutically acceptable salts include anhydrates and solvates such as
hydrates. Free base and salts and anhydrates and solvates thereof, include amorphous and
crystalline forms. In a particular embodiment, gaboxadol is in the form of a monohydrate. In
another particular embodiment, gaboxadol or pharmaceutically acceptable salts thereof is
crystalline, such as the crystalline hydrochloric acid salt, the crystalline hydrobromic acid salt,
or the crystalline zwitter ion monohydrate.

Detailed description of the invention

[0012] The objective of the present invention is to find a robust, safe and cost-effective
process for synthesis of gaboxadol.

[0013] The present inventors have found a direct process to obtain the carbamate
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intermediate (Compound VI in scheme 1 below), which is a key intermediate in the gaboxadol
synthesis. The process starts from Pyrrolidin-2-one which is a cheap and readily available
starting material. Compared to processes disclosed in prior art, the process of the present
invention has the advantage of having good atom-economy since the intermediate dimethyl 5-
hydroxy-3,6-dihydropyridine-1,4(2H)-dicarboxylate is obtained directly with no need of using an
N-benzyl protecting group.

[0014] In brief, the synthesis is described in Scheme 1 below.

Scheme 1
o ~
Methyl or ethyl H,N /W R2
alcohol
—_—»
i o
Methyl orethyl
glvoxylate
O
— |
O o
O I
Methyl or ethyl
chloroforimate
o OH
~o N /\/\[( ™Rr7  methoxide or \ \
sodimn // N \
/D o ethoxide 's) O—R2
—_—
o Vv Vi
-~
R3 l

oy s

o
R1—0 R1—O 0
>—N —N
o

VI

%1

L
Q
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[0015] R1, R2 and R3 independently represent methyl or ethyl.

[0016] The first step comprises a simultaneous ring opening and esterification of pyrrolidin-2-
one (Compound |) with methyl- or ethyl alcohol, using an anhydrous acid to afford the
compound of formula I, which is isolated as a solid. By using an anhydrous acid in the ring-
opening of Compound I, this part of the process takes place in water free conditions which
gives Compound Il in good yield. In one embodiment said anhydrous acid is methanesulfonic
acid. In a further embodiment, the ring opening is performed in a one pot synthesis providing
the methanesulfonic acid salt of Compound Il, depicted as compound Ilb below.

0
H3N+//A\\V//A\\ﬂ// NRo

CH,S0,- 0

b

[0017] The subsequent steps (Compounds Il to V) are sequential without isolation of the
intermediates. First, the Compound Il is reacted with methyl glyoxylate or ethyl glyoxylate in a
non-polar solvent in the presence of a base, to form the imine (Compound IlIl). In one
embodiment, said base is potassium carbonate. In a preferred embodiment, said base is
triethylamine. In one embodiment, said non-polar solvent is heptane. In a preferred
embodiment, said non-polar solvent is toluene. In one embodiment, the reaction is performed
with triethylamine, and a ionic liquid solution is formed in situ in the form of triethylammonium
methanesulfonate. The triethylammonium methanesulfonate takes up all the water and the
reaction can proceed without the need of additional dehydrating agents. Furthermore, the ionic
liquid and water forms a separate layer, which at the end of reaction can be separated from
the product containing layer.

[0018] Compound Il is transformed into Compound IV by catalytic hydrogenation e.g. by using
palladium on charcoal.

[0019] Compound IV is reacted with methyl- or ethyl chloroformate to form Compound V as an
intermediate of the process. Compound V can be purified by washing with acidified water, by
distillation or by a combination of these two purification strategies. In one embodiment,
Compound V is purified by thin-film distillation to obtain Compound V as a colourless oil.

[0020] Compound V is converted to compound VI by a ring-closure (Dieckmann condensation)
by addition of sodium methoxide or sodium ethoxide, to give Compound VI. The conditions
applied in the Dieckmann condensation afford compound VI in high yield and avoid formation

of excessive amounts of the undesired compound depicted below.
O0—R3
0 o)
R1—0O
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[0021] Compound VI can be present either as enol or as its keto form (keto-enol tautomerism).
As a ketone it can react with methylene- or ethylene glycol, preferably ethylene glycol to form a
ketal protecting group, providing compound VII.

[0022] Subsequently Compound VIl is transformed into the hydroxamic acid (Compound VIII)
with hydroxylamine. Compound VIl is isolated as a solid.

[0023] Synthesis of gaboxadol (Compound IX) from Compound VIII has been described in EP
0000338 and in Krogsgaard-Larsen, Acta Chem. Scand. B, 1977, 31: 584-588.

Embodiments according to the invention

[0024] In the following, embodiments of the invention are disclosed. The first embodiment is
denoted E1, the second embodiment is denoted E2 and so forth.

E1. A process for the manufacture of the compound of formula VI below,

OH
R1—0O 6]
(3
0] O0—R2

VI
wherein both of R1 and R2 are either methyl or ethyl, said process comprising the following

step,

1. a) reacting a compound of formula |,

O¢o
N

H

1

with an anhydrous acid and a methyl alcohol or ethyl alcohol to obtain a compound of
formula Il,

O
HzN/\/\H/ ~Ro

0

11
wherein R2 is methyl when methyl alcohol is applied in the reaction, and ethyl when ethyl
alcohol is applied in the reaction.

E2. The process according to embodiment 1, wherein said anhydrous acid is anhydrous
methanesulfonic acid.

E3. The process according to embodiment 2, wherein the compound of formula Il is obtained
as a methane sulfonic acid salt depicted as formula llb

0]
u hl;/\\/\/ Npn
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MgINT | | [a V4

CH,S0,-

1Ib
wherein R2 is methyl when methyl alcohol is applied in the reaction, and ethyl when ethyl

alcohol is applied in the reaction.

E4. The process according to embodiment 3, wherein the compound of formula Ilb is obtained
by a one-pot synthesis.

E5. The process according to any of embodiments 1-4, said process comprising the further
steps,

b) reacting the compound of formula Il or llb
O\
HNW R2
0]

IT
with a base and methyl- or ethyl glyoxylate to obtain a compound of formula lll,

0
NW “Ro
>N

¢

R3”

1

¢) converting the compound of formula Ill to a compound of formula IV by hydrogenation

o
HNW “R2
o
o)
R3”

v

d) reacting the compound of formula IV with methyl- or ethyl chloroformate to obtain the
compound of formula V

0
R1 JJ\
~o7 N

<

wherein R1 is methyl when methyl chloroformate is applied in the reaction, or ethyl when ethyl
chloroformate is applied in the reaction, and

wherein R2 is methyl when methyl alcohol is applied in the reaction, or ethyl when ethyl alcohol
is applied in the reaction, and
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wherein R3 is methyl when methyl glyoxylate is applied in the reaction, or ethyl when ethyl
glyoxylate is applied in the reaction.

E6. The processes according to embodiment 5, wherein the steps a), b), ¢) and d) are carried
out in toluene.

E7. A process for the manufacture of the compound of formula VI below,
OH
R1—0O 0
(4
O 0—R2
VI

wherein both of R1 and R2 are either methyl or ethyl, said process comprising the following
steps,

b) reacting a compound of formula Il or lIb
O\
HZN/\/\H/ R2
0

I
with a base and methyl- or ethyl glyoxylate to obtain a compound of formula lll,

0]
N|W SR
>
(e}
R3”

1

¢) converting the compound of formula Ill to a compound of formula IV by hydrogenation

0
HN/\/\H/ “R2
Kfo o)
0
R3”

v

d) reacting the compound of formula IV with methyl- or ethyl chloroformate to obtain the
compound of formula V

0
R1 /“\ 0

0O O

0

R3
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wherein R1 is methyl when methyl chloroformate is applied in the reaction, or ethyl when ethyl
chloroformate is applied in the reaction, and

wherein R2 independently represents methyl or ethyl, and

wherein R3 is methyl when methyl glyoxylate is applied in the reaction, or ethyl when ethyl
glyoxylate is applied in the reaction.

E8. The processes according to embodiment 7, wherein the steps b), ¢) and d) are carried out
in toluene.

E9. The process according to any of embodiments 5-8, wherein the base used in step b) is
triethylamine.

E10. The process according to any of embodiments 5-9, wherein the compound of formula V is
purified by washing with acidified water or by distillation or by a combination of these two
purification strategies

E11. The process according to any of embodiments 5-10, wherein the compound of formula V
is purified by thin-film distillation.

E12. The process according to any of embodiments 1-11, said process comprising the further
step
e) reacting the compound of formula V

o)
R1 J\ 0

0 0

0
R3”

v
with sodium methoxide in methanol or sodium ethoxide in ethanol to obtain the compound of

formula VI,
OH

R1—0 o)
> N
0O

VI

0—R2

wherein R1, R2 and R3 of the compound of formula V independently represents methyl or
ethyl, and

R1 and R2 of the compound of formula VI are both methyl when sodium methoxide in
methanol is applied in the reaction, or R1 and R2 of the compound of formula VI are both ethyl
when sodium ethoxide in ethanol is applied in the reaction,

E13. A process for the manufacture of the compound of formula VI below,
OH

DA~ _/ m
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il w v
(O
o) O0—R2
VI

said process comprising the following step,
e) reacting a compound of formula V

0
R1 J\ 0
~0 NW “Ro
o
(0]
R3”

\%
with sodium methoxide in methanol or sodium ethoxide in ethanol to obtain the compound of

formula VI,

OH
R1—0O 6]
(3
0] O0—R2

VI

wherein R1, R2 and R3 of the compound of formula V independently represents methyl or
ethyl, and wherein

R1 and R2 of the compound of formula VI are both methyl when sodium methoxide in
methanol is applied in the reaction, or R1 and R2 of the compound of formula VI are both ethyl
when sodium ethoxide in ethanol is applied in the reaction.

E14. The process according to any of embodiments 12-13, wherein step e) is carried out in
toluene, preferably 2-6 volumes of toluene such as 3-5 volumes of toluene such as about 4
volumes of toluene.

E15. The process according to any of embodiments 12-14, wherein the reaction in step e) is
carried out at a temperature between 70 and 85°C.

E16. The process according to any of embodiments 12-15, wherein the reaction in step e) is
carried out at reflux temperature.

E17. Aprocess for the manufacture of the compound of formula VI, said process comprising all
the steps a), b), ¢), d) and e) according to any of embodiments 1-16.

E18. The process according to any of embodiments 1-17, wherein the compound of formula VI

is subsequently converted to the compound of formula 1X,
HO

/\ NH

o

N

X
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which is gaboxadol.

E19. A process for the manufacture of gaboxadol, wherein compound VI is an intermediate of
said process, and wherein said compound VI is manufactured by a process according to any of
embodiments 1-17.

E20. A process for the manufacture of gaboxadol, said process comprising manufacturing a
compound of formula VI by the process according to any of embodiments 1-17, and
subsequently manufacturing gaboxadol starting from said compound of formula VI.

E21. The process according to any of embodiments 18-20, said process comprising a step
wherein the compound of formula VI is reacted with ethylene glycol to obtain the compound of
formula VII,

R1—Q O

vl
wherein both of R1 and R2 are either methyl or ethyl.

E22. The process according any of embodiments 18-21, said process comprising a step
wherein the compound of formula VIl is reacted with hydroxylamine to obtain the
compound of formula VIl

]
O
R1—Q O
%N
O NH
/
HO

VI
wherein R1 represents methyl or ethyl.

E23. The process according to any of embodiments 18-22, said process comprising a step
wherein the compound of formula VIII is converted to the compound of formula IX,

IX
which is gaboxadol.

E24. The compound of formula VI below,

OH
R1—0C O
(54
O O0—R2
VI

wherein both of R1 and R2 are methyl.
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E25. A compound of formula V,

Q
R1 )]\ 0
\O N/\/\H/ \R2
k‘[//o 0

0
R3”
\%

wherein all of R1, R2 and R3 are methyl.

E26 . A compound of formula llb,

@]
H3N+W \R2

CH,SO0,- 0

b
wherein R2 is methyl or ethyl.

[0025] The use of the terms a and an and the and similar referents in the context of describing
the invention are to be construed to cover both the singular and the plural, unless otherwise
indicated herein or clearly contradicted by context.

[0026] The description herein of any aspect or aspect of the invention using terms such as
comprising , having, including, or containing with reference to an element or elements is
intended to provide support for a similar aspect or aspect of the invention that consists of ,
consists essentially of , or substantially comprises that particular element or elements, unless
otherwise stated or clearly contradicted by context (e.g., a process described herein as
comprising a particular element should be understood as also describing a composition
consisting of that element, unless otherwise stated or clearly contradicted by context).

[0027] It should be understood that the various aspects, embodiments, implementations and
features of the invention mentioned herein may be claimed separately, or in any combination.

[0028] The invention will be illustrated by the following non-limiting examples.

Examples
Example 1:

Synthesis of ethyl 4-aminobutyrate, methanesulfonic acid salt (compound IIb).
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[0029] A reactor was charged at room temperature with pyrrolidin-2-one (400 kg), toluene
(1044 kg) and ethanol (316 kg). Anhydrous methanesulfonic acid (492 Kg) was added to the
solution. The mixture was heated up to T= 110-115 °C, P=1.5-2 bar and kept under stirring for
22 hours. The mixture was then cooled down to T=60-65°C and then it was diluted with toluene
(696 kg). The suspension was cooled down to T=50-55°C and kept under stirring for one hour
and then further cooled down to T=20-30°C in 1.5 hours. The suspension was maintained
under stirring for 1 hour then the solid was isolated by centrifuge and washed with toluene. The
wet solid was dried under vacuum at T=45-50°C for two hours and then at T=50-55°C for 15
hours yielding to 1062 Kg of ethyl 4-aminobutyrate, methanesulfonic acid salt.

Example 2:

[0030] The procedure described in example 1 was repeated yielding 1059 kg of ethyl 4-
aminobutyrate, methanesulfonic acid salt.

Example 3:

Synthesis of ethyl 4-((2-ethoxy-2-oxoethyl(methoxycarbonyl)amino)butanoate
(compound V).

[0031] A reactor was charged at room temperature under nitrogen with ethyl 4-aminobutyrate
methanesulfonic acid salt (616 kg), toluene (2088 kg) and ethyl glyoxylate 50% in toluene (500
kg). The suspension was cooled down to T=-2°C. Triethylamine (275 kg) was added in 90
minutes keeping the temperature in the range -2-2°C. The mixture was stirred for 2.5 hours
and then diluted with toluene (522 kg). The upper layer containing ethyl (E)-4-((2-ethoxy-2-
oxoethylidene)amino)butanoate was separated at T=0°C and transferred into an autoclave.
The solution was hydrogenated at T=10-15°C and hydrogen pressure of 1.0-1.5 bar in the
presence of anhydrous sodium sulfate (100 kg) and Pd/C 10% (18 kg as wet catalyst). When
the hydrogen uptake was finished the mixture was heated up to T=15-20°C and diluted with
water (700 L) keeping the temperature in the range T=20-25°C. The catalyst was removed by
filtration. The filter was washed with toluene (348 kg). The whole solution was transferred into
another reactor containing potassium carbonate (360 kg). The mixture was cooled down to
T=-5-0°C. Methyl chloroformate (226 kg) was added in eight hours maintaining the
temperature in the range T=-5-2°C. The mixture was then treated with water (600 L) at T=0-
5°C and stirred for about two hours and then was heated to 40-45°C. The aqueous layer was
separated and washed at T=40-45°C with water (1200 L), diluted hydrochloric acid (HCI 11%,
521 kg) and then with water (3x500 L) adjusting the pH to 7 with potassium carbonate in the
last washing. The organic solution was concentrated by distillation under reduced pressure
yielding 425 kg of ethyl 4-((2-ethoxy-2-oxoethyl)(methoxycarbonyl)amino)butanoate (assay
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90.28% w/w). The product was purified by thin film distillation giving 410 kg of ethyl 4-((2-
ethoxy-2-oxoethyl)(methoxycarbonyl)amino)butanoate having an assay of 96.59% w/w and
purity of 98.77%A by GC (yield 76 %).

Example 4:

[0032] The procedure reported in example 3 was repeated affording 400 kg of ethyl 4-((2-
ethoxy-2-oxoethyl)(methoxycarbonyl)amino)butanoate having an assay of 97.55% w/w and
purity of 98.04%A by GC (yield 70 %).

Example 5:

Synthesis of dimethyl 5-hydroxy-3,6-dihydropyridine-1,4(2H)-dicarboxylate (compound
Vi).

[0033] A reactor was charged with ethyl 4-((2-ethoxy-2-oxoethyl)
(methoxycarbonyl)amino)butanoate (384kg, assay 92.55%w/w) and methanol (3489 kg). The
solution was heated up to T=40-45°C and a solution prepared by mixing sodium methoxide
30% in methanol (27 kg) with methanol (152 kg) was added in 1 hour. The mixture was kept
under stirring for eight hours at T=40-45°C. Glacial acetic acid (11 kg) was added and the
resulting mixture was concentrated to residue by distillation. The residue was diluted with
toluene (1670 kg). Further 410 kg of solvent were removed by distillation under reduced
pressure. After the addition of sodium methoxide 30% in methanol (760 kg) the mixture was
heated up to reflux for 5 hours. The mixture was concentrated by distillation removing 960 kg
of solvent and then it was again diluted with toluene (768 kg) and the temperature was set to
T=50-55°C. The toluene mixture was transferred into a second reactor charged with water
(1920 kg), glacial acetic acid (384 kg) and sodium chloride (96 kg) while keeping the
temperature between 10 and 20°C. The amount of toluene used in the washing (96 kg) was
collected in the second reactor. The temperature was set at T=30-40°C and the aqueous layer
was separated. The organic layer was washed with a solution prepared by mixing water (960
kg) and sodium chloride (64 kg) and then with water (384 kg). The organic solution was
concentrated by distillation at atmospheric pressure giving 622 kg of dimethyl 5-hydroxy-3,6-
dihydropyridine-1,4(2H)-dicarboxylate in toluene (assay 38.31% w/w, yield 86%).

Example 6:

[0034] The method described in Example 5 was repeated starting from 410 kg of ethyl 4-((2-
ethoxy-2-oxoethyl)(methoxycarbonyl)amino)butanoate (assay 96.59%w/w) and obtaining 868
kg of dimethyl 5-hydroxy-3,6-dihydropyridine-1,4(2H)-dicarboxylate in toluene (assay 26.26%
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wiw, yield 74%).

Example 7:

Synthesis of dimethyl 1,4-dioxa-7-azaspiro[4.5]decane-7,10-dicarboxylate (compound
vii).

[0035] A solution of dimethyl 5-hydroxy-3,6-dihydropyridine-1,4(2H)-dicarboxylate 32.2%w/w in
toluene (434 kg) was charged into a reactor. The solution was made anhydrous by azeotropic
distillation and then toluene was added to get in total 734 kg of solution. Ethylene glycol (86 kg)
was added and the mixture was heated up to reflux and 50 kg of solvent were removed by
distillation. To the solution was then added in 1.5 hours a mixture prepared by mixing
anhydrous methanesulfonic acid (3.7 kg) and ethylene glycol (30 kg). The mixture was kept at
reflux for 3 hours while distilling solvent and replacing it with the same amount of toluene. A
further amount of anhydrous methanesulfonic acid (5 kg) and ethylene glycol (18 kg) was
added in 35 minutes and the distillation was prosecuted for further 4 hours replacing the
solvent removed by distillation with toluene. The mixture was then cooled down to T=30-40°C
and treated with potassium carbonate (4 kg), anhydrous disodium hydrogen phosphate (2 kg)
and water (140 L) and the pH was adjusted to 7-8 units. The mixture was concentrated
removing 435 kg of solvent by distillation at atmospheric pressure. The mixture was diluted
with toluene (244 kg) and water (56 kg). Further 285 kg of solvent were removed by distillation
at atmospheric pressure. The mixture was diluted with toluene (183 kg) and cooled down to
T=50-60°C. The layers were separated. The aqueous layer was extracted with toluene (163
kg) at T=50-60°C. The organic layers were collected and concentrated by distillation at
atmospheric pressure yielding 391 kg of dimethyl 1,4-dioxa-7-azaspiro[4.5]decane-7,10-
dicarboxylate as toluenic solution.

Example 8:

[0036] The preparation reported in example 7 was repeated affording 339 kg of dimethyl 1,4-
dioxa-7-azaspiro[4.5]decane-7,10-dicarboxylate as toluenic solution.

Example 9:

Synthesis of methyl 10-(hydroxycarbamoyl)-1,4-dioxa-7-azaspiro[4.5]decane-7-
carboxylate (compound VIii).
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[0037] The solutions obtained in example 7 (391 kg) and 241kg of that obtained in example 8
were combined. The mixture was concentrated to residue by distillation under reduced
pressure. The residue was diluted with methanol (570 kg) and cooled to T=15-20°C.
Hydroxylamine hydrochloride (120 kg) was charged into the reactor. Sodium methoxide 30% in
methanol (624 kg) was added over 3.5 hours keeping the temperature in the range T=15-
25°C. The mixture was further stirred at T=20°C for 12 hours and then was cooled down to
T=0-5°C. Hydrogen chloride (73 kg) was bubbled into the mixture till the pH was in the range
5-7 units. Acetone (100 kg) was charged and the mixture having a pH below 5 was kept under
stirring for 2 hours at T=10-15°C. The pH was adjusted to 6-7 with sodium methoxide 30% in
methanol (45 kg) and the suspension was cooled down to T=0-5°C. The salts were removed
by filtration and were washed with methanol (160 kg). The filtrate was concentrated by distilling
780 kg of solvent under reduced pressure keeping the temperature below 40°C. The mixture
was then diluted with n-butanol (54 kg) and concentrated further removing 530 kg of solvent by
distillation. The residue was diluted at T=35-40°C with a mixture of ethyl acetate (1056 kg) and
methanol (12 kg). The mixture was concentrated by distilling 780 kg of solvent under reduced
pressure. The residue was diluted with ethyl acetate (600 kg). Further 590 kg of solvent were
removed by distillation under reduced pressure. The residue was diluted with ethyl acetate
(750 kg) and kept at T=35-40°C for 90 minutes. The suspension was cooled down to T=0-5°C
in 2.5 hours and kept at the same temperature for two hours. The product was isolated by
filtration, washed with ethyl acetate and dried for 32 hours at T=35-40°C under reduced
pressure yielding 271.3 kg of methyl 10-(hydroxycarbamoyl)-1,4-dioxa-7-azaspiro[4.5]decane-
7-carboxylate (assay 87.7%w/w, purity 98.8%A). Overall yield of 93% from dimethyl 5-hydroxy-
3,6-dihydropyridine-1,4(2H)-dicarboxylate.
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Patentkrav
1. Fremgangsmade til fremstillingen af forbindelsen af formel VI herunder,

OH
R1—O 0
>f@—/<
0 0—R2
VI
hvor bade R1 og R2 er enten methyl eller ethyl, idet naevnte fremgangsmade

omfatter det folgende trin,
a) at reagere en forbindelse af formel I,

@4
N
H

I
med en vandfri syre og en methylalkohol eller ethylalkohol for at opna en

forbindelse af formel 11,

@]
HZNW \RZ
O

11
hvor R2 er methyl, ndr methylalkohol anvendes i reaktionen, og ethyl, nar

ethylalkohol anvendes i reaktionen,
b) at reagere forbindelsen af formel II

@]
HZNW \RQ
O

11
med en base og methyl- eller ethylglyoxylat til at opna en forbindelse af

formel III,
0
NW “R2
kfo 0
0
R3”

I
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¢) at omdanne forbindelsen af formel III til en forbindelse af formel IV ved

hydrogenering

d) at reagere forbindelsen af formel IV med methyl- eller ethylchlorformiat

for at opna forbindelsen af formel V

0
R1 )k
o N

hvor R1 er methyl, nar methylchlorformiat anvendes i reaktionen, eller
ethyl nar ethylchlorformiat anvendes i reaktionen, og

hvor R2 er methyl, ndr methylalkohol anvendes i reaktionen, eller ethyl,
nar ethylalkohol anvendes i reaktionen, og

hvor R3 er methyl, ndr methylglyoxylat anvendes i reaktionen, eller ethyl,
nar ethylglyoxylat anvendes i reaktionen,

e) at reagere forbindelsen af formel V

0
R1 )k
o N

15 med natriummethoxid i methanol eller natriumethoxid i ethanol for at opna

forbindelsen af formel VI,

OH

%N\

VI
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hvor R1, R2 og R3 af forbindelsen af formel V uafhangigt repraasenterer
methyl eller ethyl, og

R1 og R2 af forbindelsen af formel VI begge er methyl, nar
natriummethoxid i methanol anvendes i reaktionen, eller R1 og R2 af
forbindelsen af formel VI begge er ethyl, nar natriumethoxid i ethanol

anvendes i reaktionen.

2. Fremgangsmade ifglge krav 1, hvor naevnte vandfri syre er vandfri
methansulfonsyre.

3. Fremgangsmade ifglge krav 2, hvor forbindelsen af formel II opnas som et
methansulfonsyresalt afbildet som formel IIb
H3N+WO\R2
CH,SO,- o
ITb
hvor R2 er methyl, ndr methylalkohol anvendes i reaktionen, og ethyl, nar
ethylalkohol anvendes i reaktionen.

4. Fremgangsmade ifglge krav 3, hvor forbindelsen af formel IIb opnas ved en

one-pot syntese.

5. Fremgangsmade ifglge hvilke som helst af kravene 1-4, hvor trinnene a), b), ¢)

og d) udfgres i toluen.

6. Fremgangsmade ifglge et hvilket som helst af kravene 1-5, hvor basen, der

anvendes i trin b), er triethylamin.

7. Fremgangsmade ifglge et hvilket som helst af kravene 1-6, hvor forbindelsen af
formel V oprenses ved at vaske med forsuret vand eller ved distilleringeller ved en

kombination af disse to oprensningsstrategier.

8. Fremgangsmade ifglge et hvilket som helst af kravene 1-7, hvor forbindelsen af
formel V oprenses ved en tyndfilmsdistillering.



10

15

20

25

DK/EP 3274331 T3

4

9. Fremgangsmade ifglge et hvilket som helst af kravene 1-8 , hvor trin e)
udfgres i toluen, fortrinsvis 2-6 volumener af toluen, sdsom 3-5 volumener af

toluen, sdsom omkring 4 volumener af toluen.

10. Fremgangsmade ifglge et hvilket som helst af kravene 1-9, hvor reaktionen i
trin e) udfgres ved en temperatur mellem 70 og 85°C.

11. Fremgangsmade ifglge et hvilket som helst af kravene 1-10, hvor reaktionen i
trin e) udfgres ved reflukstemperatur.

12. Fremgangsmade til fremstillingen af gaboxadol, idet naevnte fremgangsmade
omfatter at fremstille en forbindelse af formel VI ved fremgangsmaden ifglge et
hvilket som helst af kravene 1-11, og efterfglgende at fremstille gaboxadol ved at
starte fra naevnte forbindelse af formel VI.

13. Fremgangsmade ifglge krav 12, hvor naevnte fremgangsmade omfatter et
trin, hvor forbindelsen af formel VI reageres med ethylenglykol for at opna
forbindelsen af formel VII,

R1—0O o)

VI
hvor bade R1 og R2 er enten methyl eller ethyl.

14. Fremgangsmade ifglge et hvilket som helst af kravene 12-13, hvor naevnte
fremgangsmade omfatter et trin, hvor forbindelsen af formel VII reageres med
hydroxylamin for at opna forbindelsen af formel VIII

VIII
hvor R1 repraesenterer methyl eller ethyl.
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15. Fremgangsmade ifglge et hvilket som helst af kravene 12-14, hvor navnte
fremgangsmade omfatter et trin, hvor forbindelsen af formel VIII omdannes til

forbindelsen af formel IX,
HO

/\ NH

N
\O

IX
som er gaboxadol.

16. Forbindelsen af formel VI herunder,

OH
R1—0 0
s
0 0—R2

VI
hvor bade R1 og R2 er methy!.

17. Forbindelse af formel V,

0
R1 )k
o N

hvor samtlige af R1, R2 og R3 er methyl.

18. Forbindelse af formel IIb,
0
HsN"W “Ro
CH,SO.- o)
ITb
hvor R2 er methyl eller ethyl.
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