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DESCRIPTION

Technical field of the invention

[0001] The present invention relates to a method for synthesizing a medicine for treating
Phenylketonuria (PKU), and particularly to a method for synthesizing sapropterin
dihydrochloride.

Backpround of the invention

[0002] Sapropterin  dihydrochloride, chemical name (6R)-2-amino-6-[(1R,2S5)-1,2-
dihydroxypropyl]-5,6,7,8-tetrahydro-4(1H)-pteridinone  dihydrochloride, molecular formula
CgH15N503-2HCI, and CAS registry number 69056-38-28, is a synthetic product of
tetrahydrobiopterin (BH4) dihydrochloride. BH4 is a cofactor of Phenylalanine Hydroxylase

(PAH). Tyrosine is acquired from Phenylalanine (Phe) through hydroxylation under the action
of PAH which is low in activity or even inactive in PKU patients, while BH, is able to activate
PAH, promote normal oxidative metabolism of Phe in the bodies of the patients, and reduce the
Phe levels in the bodies of some patients. On December 16th, 2007, the sapropterin
dihydrochloride tablets produced by BioMarin Pharmaceutical Inc. in USA were approved by
the Food and Drug Administration (FDA) for marketing for treatment of PKU. Because of the
effective activity of sapropterin dihydrochloride, it is extremely necessary to select a route
applicable to industrial production with high product purity.

[0003] At present, BH4 is mainly synthesized by the following methods reported in literatures:

1. 1. Preparation using 4-hydroxy-2,5,6-triaminopyrimidine (ATP) and 5-deoxy-L-arabinose
as raw materials, please see literature E.L.Patterson et al.,, J Am.Chem.Soc.78, 5868
(1956).

2. 2. Preparation using TAP and 5-deoxy-L-arabinose phenylhydrazone as raw materials,
please see literature Matsuura et al., Bull.Chem.Soc.Jpn., 48,3767 (1975),

3. 3. Preparation by reaction of raw materials hydroxyl-protected TAP and 4-acetyl-2,3-
epoxypentanal through oxidation of iodine and a dehydroxylation protecting group,
please see literature Matsuura et al., Chemistry of Organic Synthesis,MI/g.46.No.6,P570
(1988).

[0004] These traditional methods for preparing BH4 have the following major disadvantages:
raw materials are expensive, arabinose which can be hardly acquired is used as a carbon
atom radical for asymmetric synthesis; there are multiple steps in reactions with low yield, and
low product purity, 5-deoxy-L-arabinose is easily degraded in a reaction solution, and products
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of the synthesis routes above have low stereoselectivity. To sum up, the traditional synthesis
methods are not applicable to mass industrial production. Therefore, a synthesis route, which
is applicable to industrial production with high product purity, high vyield and high
stereoselectivity, needs to be searched urgently.

WO 2009/047902 A1 discloses a method which enables to commercially produce a pteridine
compound with high vyield. Specifically, it discloses a method for producing a pteridine
compound represented by the general formula (3)

which is characterized in that an optically active epoxy aldehyde compound represented by the
general formula (1)
oR'

“CHO

and a pyrimidine compound represented by the general formula (2)
OR?

A

HaN N NH
are condensed in a polar solvent in the presence of an acid having a pKa of not more than 4.5,
and then the resulting compound is subjected to oxidation.

NH,

WO 2005/049614 A2 discloses a process for the preparation of tetrahydrobiopterin from
neoprerin and/or 6-substituted pterins with an improved yield and a high stereoselectivity. Also
disclosed are novel individual intermediates useful for the preparation of tetrahydrobiopterin,
such as selectively protected neopterin.

JP 2575781 B discloses production of L-bioprerin. To obtain the title compound, useful as a
precursor of (6R)-tetrahydrobiopterin (remedy for Parkinson's disease), from an inexpensive
raw material in good yield, an alkyl (S)-lactate is used as a starting raw material, passing
through several novel intermediates.

Summary of the invention

[0005] The present invention provides a method for synthesizing a sapropterin
dihydrochloride compound. The present invention reduces a synthesis route of sapropterin
dihydrochloride, and resolves a racemate intermediate or an intermediate having a low antimer
isomerism value by using a chiral resolving reagent, thereby obtaining an intermediate having
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a high antimer isomerism value. Raw materials are cheap and readily available, and the cost is
significantly reduced, hence providing an effective scheme for mass industrial production of
sapropterin dihydrochloride.

[0006] The present invention provides a method for synthesizing sapropterin dihydrochloride,
characterized in that it comprises the following steps:

Step 1: a compound 1 of the formula
o)

R—X/U\"//\

is subjected to epoxidation to generate a compound 2 of the formula

70

R-X
wherein X=NH or O, R=C1-C6 alkane or benzyl;

Step 2: in the presence of acetone, a Lewis acid, an inorganic base liquid, the compound 2 of
the formula

20
R_XJJV>\

reacts to generate a compound 3 of the formula

o]
R—XJ\'/<
o]
O\ﬁ
Step 3: the compound 3 of the formula

o}
oA
0
0\$
reacts in an alkaline solution, a polar solvent is used to dissolve a filter cake obtained through

centrifugation, then a resolving reagent is added to perform resolution to obtain a compound 4
of the formula

o z
NHy oA

2. O
\cc;ﬁ)\n© O

wherein n=0,1;
Step 4: dissolving the compound 4 of the formula

i

NH ity

2, HO O{\O

N 7~

in an ether solvent, and performing separation in acidic conditions to obtain an organic phase,

and adding N,N-diisopropylethylamine to the organic phase to obtain a compound 5 of the
formula

o] -
i 3



Step 6: reacting the compound 6 of the formula

0 3
cr\)L,,;(r\o
\ﬁ

with a trinitride to generate a compound 7 of the formula
0] 5
Na M, F
3\) Ori\@

Step 7: subjecting the compound 7 of the formula

¢]
I <
NS\/L« 3
Qg

to hydrogenation to obtain a compound 8 of the formula

O <
HaN. F/\
0

OH H -

Step 8: reacting the compound 8 of the formula
o <

HN b, &
0
OH H

and a compound A of the formula

O
NO;

O HN ‘
)LH/I\\N cl
to generate a compound 9 of the formula

0

H

Step 9: subjecting the compound 9 of the formula
o]

N

]
u T
O OH:

2R
B
}h_{NN

H

OH

o 6m
to cyclization to obtain a compound 10 of the formula
o OH

DK/EP 2837629 T3
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/U»\N.)\\N v~ OH
H H ;
Step 10: adding a catalyst to the compound 10 of the formula
o} OH
PN .
H H

introducing hydrogen to perform a reaction, and then perform quenching in hydrochloric acid
having a concentration of 10% to 20% to obtain sapropterin dihydrochloride.

[0007] Also provided is a method for preparing (3S,4S)-1-amino-3,4-dihydroxy-2-pentanone,
characterized in that it comprises the following steps:

Step 1: using a compound 5 of the formula

Step 3: subjecting the compound 7 of the formula

ol
Ny b, 5

OQ_
to hydrogenation to obtain a compound 8 of the formula

O .
HZN \)l"u {
"
OH H

[0008] Preferred embodiments of the present invention are set forth in the dependent claims.

[0009] The present invention has the following advantages: 1. raw materials applied by the
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synthesis method are readily available, and the cost is significantly reduced compared with the
prior art; 2. the route of the present invention is simple, thus greatly reducing a synthesis route
of sapropterin dihydrochloride; 3. technological conditions are stable, the whole operation
process is simple with less discharge of waste water, waste gas, and waste residues, and less
pollution, hence providing an effective scheme for mass industrial production of sapropterin
dihydrochloride; 4. the present invention, which resolves a racemate intermediate or an
intermediate having a low antimer isomerism value by using a chiral resolving reagent to obtain
an intermediate having a high antimer isomerism value, is a supplement to a chiral route; 5.
the present invention can obtain a target product with a purity higher than 98% and an
enantiomeric excess as high as more than 98%.

Brief description of the drawings

[0010] The accompanying drawings of the specification are used for providing further
understanding to the present invention and constitute a part of the present invention. The
exemplary embodiments of the present invention and the illustrations thereof are used for
explaining the present invention, instead of constituting an improper limitation to the present
invention. In the accompanying drawings:

Fig. 1 is a flowchart of a chiral preparation process of a sapropterin dihydrochloride compound
involved in the present invention.

Detailed description of the invention

[0011] It should be noted that, if there is no conflict, the embodiments in the present invention
and the characteristics in the embodiments can be combined with one another. The present
invention will be described in details below with reference o the accompanying drawings and in
combination with the embodiments.

[0012] The ranges in the embodiments are caused by certain fluctuation of the temperatures
and pH values as reactions progress in an experiment.

[0013] Embodiment 1: main raw material:
0

HSCHZCHZC-HNJ\/\

R=-CH,CH»CH3 and X=NH

Step 1: add 950L(10g/ml) of pure water, and 95kg(1 eq) of crotonyl propylamine
O

H3CHECHQC-HNJJ\V/\
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to a 2000L reaction kettle, increase the system temperature to 40+5°C, add 208kg(1.5eq) of
N-bromobutanimide, react for 3 hours while preserving the temperature, add 300kg(1.5eq) of a
sodium hydroxide solution having a concentration of 15% to the system, react for 3.5 hours
while preserving the temperature, perform extraction and concentration to obtain 67.6kg of a
compound 2,3 epoxy-butyryl propylamine, with a yield of 63%;

Step 2: in the presence of 219 kg of (8eq) acetone, add 25kg(0.4eq) of aluminium chloride to a
2000L reaction kettle, control the temperature at 20+5°C, add 67.6kg(1.0eq) of 2,3 epoxy-

butyryl propylamine
(0]

0
HBCHQCHQG-HNJ\Q\

react for 8 hours while preserving the temperature, add 939kg of a sodium carbonate (1.5eq)
solution having a concentration of 8% to the system, and perform liquid separation, extraction,

and concentration in the system to obtain 75.1 kg of 2,3-acetonide-propylbutyramide
o}

HRCHQCH;,C-HN)J\(/(
o}
O\f
)

with a yield of 79%;

Step 3: add 450.6(6ml/g) of tetrahydrofuran, and 75.1 kg(1 eq) of 2,3-acetonide-
propylbutyramide
(@]

Hacchmc-HNJj.ﬁ@

to a 1000L reaction kettle, increase the temperature to 30£5°C, add 11.3kg(1.2eq) of pure
water and 117.2kg(1.2eq) of a methanol solution of sodium methoxide having a concentration
of 29%, react for 6 hours while preserving the temperature, perform centrifugation, dissolve a
filter cake in 525.7L (7 ml/g) of tetrahydrofuran, add 127.1 kg(2eq) of L-a-phenylethylamine,
preserve the temperature at 22+5°C for 4 hours, and perform centrifugation and drying to
obtain 27.3kg of 1-phenylethanamine 2,2,5-trimethyl-1,3-dioxolane-4-carboxylate

O

il
Ho)\f<
NH; o\é
::) (s;\ ,

with a yield of 26%;

Step 4: add 28L(5ml/g) of 2-methyltetrahydrofuran, and 5.6kg (1eq) of 1-phenylethanamine

2,2,5-trimethyl-1,3-dioxolane-4-carboxylate
O

to a 72 L reaction bottle, then add a dilute hydrochloric acid aqueous solution having a
concentration of 8% to the system to regulate the pH at 2+0.5, control the temperature at
0+5°C, react for 1 hour while preserving the temperature, perform liquid separation to obtain
an organic phase, add 4.5kg of (1 eq) N,N-diisopropylethylamine to the organic phase, and
concentrate the system to obtain 3.0kg of (45,5S)-2,2,5-trimethyl-1,3-dioxolan-4-methanoic
acid

6}
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Ho/l I’"'({O
°7~

with a yield of 95%;

Step 5: add 30 L (10 ml/g) of 2-methyltetrahydrofuran, 3.0 kg of (45,5S)-2,2,5-trimethyl-1,3-
dioxolan-4-methanoic acid

i
HO) "’T/'\O
A

and 4.3kg(2eq) of N,N-diisopropylethylamine to a 72L reaction bottle, reduce the temperature

to -20+5°C, add 2.7kg(1.3eq) of ethyl chloroformate, react for 1.5 hours while preserving the
temperature, introduce a diazomethane gas for 1.5 hours, add 10.3kg (3eq) of a hydrochloride
ethanol solution having a concentration of 20%, react for 1.5 hours, add triethylamine to
regulate the pH value to 8+0.5, and perform extraction, liquid separation and concentration to
obtain 3.1 kg of (4S5,5S)-2,2,5-trimethyl-5-chloroacetyl-1,3-dioxolane

O
|3
pRs

with a yield of 85%;

Step 6: add 31L(10ml/g) of acetone, 3.1 kg of (4S5,55)-2,2,5-trimethyl-5-chloroacetyl-1,3-
dioxolane

o]
|, *
a ., '(I)/\
\ﬁ_

1.9kg(1.8eq) of sodium azide, and 0.5kg (0.2eq) of sodium iodide to a 72L bottle, react the
system for 25 hours while preserving the temperature at 30+£5°C, perform filtering and
concentration to obtain an acetone solution containing 3.05kg of (4S5,5S)-2,2,5-trimethyl-5-(2-

azidoacetyl)-1,3-dioxolane

with a yield of 95%;

Step 7: add 30.5L (10ml/g) of tetrahydrofuran, 4.4kg(1.1eq) of triphenylphosphine, and 0.3kg
(1.1 eq) of water to a 100L reaction kettle, regulate the pH of the system to 3+0.5 with citric
acid, add the acetone solution containing 3.05kg (1 eq) of (4S,5S5)-2,2,5-trimethyl-5-(2-
azidoacetyl)-1,3-dioxolane

preserve the temperature at 201+5°C, react for 8 hours, perform suction filtration and
concentration to obtain a filtrate containing 1.8kg of (3S,4S)-1-amino-3,4-dihydroxy-2-
pentanone
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(9] -
HzN\)I"u 3
O{\

OH
H
which is directly used in the next step, with a yield of 90%;

Step 8: add 18.9 L(9 ml/g) of isopropanol, 2.3 L (1.1ml/g ) of pure water, 0.1 kg of (0.1 eq) of
sodium iodide, 1.76kg(1.1 eq) of compound A (2-amino-6-chloro-5-nitro-3H-pyrimidin-4-one),
0.92kg(1eq) of (3S,4S)-1-amino-3,4-dihydroxy-2-pentanone

3

o

| g
HQN\/L/,,OrH/\OH,
and 3.5kg(5eq) of triethylamine to a 50L reaction bottle, react the system for 6 hours while
preserving the temperature at 50+5°C, then add a potassium dihydrogen phosphate-
dipotassium hydrogen phosphate aqueous solution to regulate the pH of the system to 7+0.5;
and filter the system to obtain 1.02kg of 2-acetylamino-5-nitro-6-((3S,4S)-3,3-dihydroxy-2-oxo-
pentylamino)-pyrimidin-4-one

0
o} HN)KJ[NOZ OH
/U\NJ\\N N/\“/k:/
H H oo on,
with a yield of 45%;

Step 9: add 2.0kg(1eq) of 2-acetylamino-5-nitro-6-((3S,4S)-3,3-dihydroxy-2-oxo-pentylamino)-
pyrimidin-4-one

(o]
|
o) HN)INOZ oM
)‘\N)\\N N/\n/k_,/
H Hoo on,

70L(35ml/g) of pure water and 0.6kg(0.3g/g) of Raney nickel to a 100L autoclave, introduce
hydrogen until the pressure of the reaction system is 0.6+0.05MPa, control the temperature of
the system at 20+5°C and the pressure at 0.6+0.05MPa, react for 20 hours, filter the system,
and regulate the pH to 11.5+0.5 to obtain of an aqueous solution containing 1.7kg of
acetylamino-7,8-dihydropteridine

6] OH
NG Y
e A OH
N N
H N H

which is used directly in the next step;

Step 10: add 0.255kg(0.15g/g) of 20% palladium on carbon to the aqueous solution containing
1.7kg of acetylamino-7,8-dihydropteridine

O OH
N,
SIS
H

obtained in Step 9, introduce hydrogen until the pressure of the reaction kettle is 0.6£0.05MPa,
control the temperature of the system at 20+5°C and the pressure at 0.6+0.05MPa, react for
80 hours, after reacting thoroughly, perform quenching in 10.29kg(7eq) of dilute hydrochloric
acid having a concentration of 15%, and perform suction filtration and drying to the system to
obtain a target product, i.e. a sapropterin dihydrochloride crude product of

0 OH
H
NS }jéﬁ) ¢
s
)\\ 1 = OH
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HN"INT N gy
recrystallize and purify the crude product by 25L (14.7ml/g) of methanol at 20£5°C to obtain
0.95kg of a pure product, with a yield of 50%, a purity of 98.5% and an enantiomeric excess of

99.2%.

[0014] Embodiment 2: main raw material
O
‘o’u\‘%\
R=

A

and X=0

Step 1: add 2016L(20g/ml) of methanol, and 100.8kg(1eq) of crotonate cyclopropylalkyl ester

AT

‘ o’J\/\

to a 3000 L reaction kettle, increase the system temperature to 5025°C, add 414kg(3eq) of
meta-chloroperoxybenzoic acid, react for 5 hours while preserving the temperature, add
673kg(3eq) of a potassium hydroxide solution having a concentration of 20% to the system,

react for 4 hours while preserving the temperature, perform extraction and concentration to
obtain 69.4kg of a compound 2,3 epoxy-cyclopropylalkyl butyrater

NS TN

with a yield of 61%;

Step 2: in the presence of 425kg of (15eq) acetone, add 79.2kg(1 eq) of ferric chloride to a
2000L reaction kettle, control the temperature at 30+5°C, add 69.4kg(1.0eq) of 2,3 epoxy-
cyclopropylalkyl butyrate

AL

O 3
react for 10 hours while preserving the temperature, add 1552kg of a sodium carbonate (3eq)
solution having a concentration of 10% to the system, and perform liquid separation,

extraction, and concentration in the system to obtain 75.3kg of 2,3-acetonide-cyclopropylalkyl
butyrate

with a yield of 77%;

Step 3: add 753(10ml/g) of methanol, and 75.3kg(1 eq) of 2,3-acetonide-cyclopropylalkyl
butyrate

AL L
T
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to a 1000L reaction kettle, increase the temperature to 40+5°C, add 20.2kg(3eq) of pure water
and 210kg(2eq) of a potassium hydroxide solution having a concentration of 20%, react for 8
hours while preserving the temperature, perform centrifugation, dissolve a filter cake in 753L
(10ml/g) of methanol, add 322kg(5eq) of L-a-amphetamine, preserve the temperature at
30+5°C for 5 hours, and perform centrifugation and drying to obtain 27.2kg of

NH2 0

V'\©. HOJ'\BI/Q

with a yield of 24.5%;

Step 4: add 27 L (10 ml/g) of tetrahydrofuran, 2.7 kg (1eq) of (4S,5S)-2,2,5-trimethyl-1,3-
dioxolan-4-phenylpropylamino carboxylate

to a 72L reaction bottle, then add a dilute hydrochloric acid aqueous solution having a
concentration of 10% to the system to regulate the pH at 3+0.5, control the temperature at
10+5°C, react for 1 hour, perform liquid separation to obtain an organic phase, add 6.1 kg of
(3eq) N,N-diisopropylethylamine to the organic phase, and concentrate the system to obtain
1.3kg of (45,58)-2,2,5-trimethyl-1,3-dioxolan-4-methanoic acid

7
Ho/l ""I/:\O

074
with a yield of 90%;

Step 5: add 20L(15 ml/g) of tetrahydrofuran, 1.3kg of (4S,5S)-2,2,5-trimethyl-1,3-dioxolan-4-
methanoic acid

O <
HO) L";)r’io
7@

and 8kg(5eq) of N,N-diisopropylethylamine to a 72L reaction bottle, reduce the temperature to
0+5°C, add 2.9kg(3eq) of propyl chloroformate, react for 1 to 2 hours while preserving the
temperature, introduce a diazomethane gas for 2 hours, add 12.7kg (5eq) of a hydrochloride
ethanol solution having a concentration of 20%, react for 2 hours, add sodium carbonate to
regulate the pH value to 9+0.5, and perform extraction, liquid separation and concentration to
obtain 1.3kg of (4S,5S)-2,2,5-trimethyl-5-chloroacetyl-1,3-dioxolane

o .
|3
Cla A,
A o'/\\ﬁ
with a yield of 82%;

Step 6: add 19.5L(15ml/g) of acetonitrile, 1.3kg of (45,5S)-2,2,5-trimethyl-5-chloroacetyl-1,3-
dioxolane

2
Cl\/iv,,‘rﬂ'\

~ 7
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3.1 kg(4eq) of azidotrimethylsilane, and 0.8kg (0.8eq) of sodium iodide to a 72L bottle, react
the system for 30 hours while preserving the temperature at 40+5°C, perform filtering and
concentration to obtain an acetonitrile solution containing 1.21 kg of

O <
|3
NS\) ;{\@

with a yield of 90%;

Step 7: add 18.2 L (15 ml/g) of 1,4-dioxane and 0.73 kg (0.6 g/g) of Raney nickel to a 50 L
reaction kettle, introduce hydrogen until the system pressure is 0.9+0.1MPa, regulate the pH of
the system to 1+0.5 with concentrated hydrochloric acid, add the acetonitrile solution
containing 1.21 kg(1 eq) of (4S,5S)-2,2,5-trimethyl-5-(2-azidoacetyl)-1,3-dioxolane

[@]
Ng

,TO
react at 30x5°C for 8 hours, perform suction filtration and concentration to obtain 0.71kg of
(3S,4S)-1-amino-3,4-dihydroxy-2-pentanone

0
HN L,

Pl

OH OH’

with a yield of 87.5%;

Step 8: add 47.5 L (15 ml/g) of methanol, 15.8L(5ml/g ) of pure water, 1.28kg of (0.5eq) of
potassium iodide, 3.6kg(1.5eq) of compound A (2-amino-6-chloro-5-nitro-3H-pyrimidin-4-one),
1.4kg(1eq) of (3S,45)-1-amino-3,4-dihydroxy-2-pentanone

s

H?N\j,,’r/i
OH OH!
and 6.4 kg (8eq) of pyridine to a 100 L reaction bottle, react the system for 8 hours while
preserving the temperature at 80+£5°C, then add an ammonium formate-ammonia aqueous
solution to regulate the pH of the system to 8+0.5; and filter the system to obtain 1.47kg of 2-
acetylamino-5-nitro-6-((3S,4S)- 3,3-dihydroxy-2-oxo-pentylamino)-pyrimidin-4-one

o)
o HNJENOQ OH
/’LN/J‘\\N N/\ﬂ)\/

H H

with a yield of 43.2%;

Step 9: add 294kg(1 eq) of 2-acetylamino-5-nitro-6-((3S,4S)-3,3-dihydroxy-2-oxo-

pentylamino)-pyrimidin-4-one
o

O HN l NO,

A Ay

H

OH

o OH
147L(50ml/g) of methanol and 1.76kg(0.69/g) of 5% palladium on carbon to a 200 L autoclave,
introduce hydrogen until the pressure of the system is 0.9£0.05 MPa, control the temperature
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of the system at 3025°C and the pressure at 0.9+0.05 MPa, react for 24 hours, filter the
system, and regulate the pH to 1210.5 to obtain a methanol solution containing 2.5kg of
acetylamino-7,8-dihydropteridine

o OH
)j\ﬁ N N OH
which is used directly in the next step;

Step 10: add 1.5 kg (0.6 g/g) of Raney nickel to the methanol solution containing 2.5kg of
acetylamino-7,8-dihydropteridine

(0] oH
0 )th/k/
Ay o
H [H]
obtained in Step 9, introduce hydrogen until the pressure of the system is 0.9+0.05MPa,
control the temperature of the system at 30+5°C and the pressure at 0.9+0.05MPa, react for
84 hours, after reacting thoroughly, perform quenching in 16.2kg(10eq) of dilute hydrochloric
acid having a concentration of 20%, and perform suction filtration and drying to the system to
obtain a target product, i.e. a crude product of sapropterin dihydrochloride
le {®°:
HEN/*ZL’\N ! ﬁ : zHgIH ,
recrystallize and purify the crude product by 62.5L (25ml/g) of acetone at 40+5°C to obtain

1.31 kg of a pure product, with a yield of 47%, a purity of 98.1% and an enantiomeric excess of
98.9%.

[0015] Embodiment 3: main raw material:
0

HSC-HN/U\/\

R=-CH3 and X=NH

Step 1: add 495L(5g/ml) of ethanol, and 99kg(1 eq) of crotonyl methanamine
0

HGC-HN’U\/\

to a 2000L reaction kettle, increase the system temperature to 35+5°C, add 180.2kg(1eq) of a
tert-butyl hydroperoxide toluene solution having a concentration of 50%, react for 2 hours while
preserving the temperature, add 400kg(1 eq) of a sodium hydroxide solution having a
concentration of 10% to the system, react for 3 hours while preserving the temperature,

perform extraction and concentration to obtain 70.2kg of 2,3 epoxy - butyryl methylamine
0

0
HSC-HNM

with a yield of 61%;

Step 2: in the presence of 106kg of (3eq) acetone, add 2.6kg(0.1 eq) of lithium chloride to a
1000L reaction kettle, control the temperature at 10+£5°C, add 70.2kg(1.0eq) of 2,3 epoxy -
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butyryl methylamine, react for 5 hours while preserving the temperature, add 610kg of a
potassium bicarbonate (0.5eq) solution having a concentration of 5% to the system, and
perform liquid separation, extraction, and concentration in the system to obtain 81.3kg of 2,3-

acetonide-alkylformamide
Q

H30~HN)H/<
o\é’.
¥

with a yield of 77%;

Step 3: add 243.9 L-(3ml/g) of ethanol, and 81.3kg(1 eq) of 2,3-acetonide-alkylformamide
6]

HGC!HNJ\E/{)
t

to a 1000L reaction kettle, increase the temperature to 250+5°C, add 4.23kg(0.5eq) of pure

water and 47kg(0.5eq) of a sodium hydroxide solution having a concentration of 20%, react for

3 hours while preserving the temperature, perform centrifugation, dissolve a filter cake in

122.6L (2ml/g) of ethanol, add 56.9kg(1 eq) of L-a-phenylethylamine, preserve the

temperature at 15+5°C for 3 hours, and perform centrifugation and drying to obtain 32.3kg of

(4S,55)-2,2,5-trimethyl-1,3-dioxolan-4-phenylpropylamino carboxylate

0
HO

, NHy O~
oF.
N\

y

with a yield of 24.5%;

Step 4: add 30L(3ml/g) of 1,4-dioxane, 10kg (1eq) of (4S,55)-2,2,5-trimethyl-1,3-dioxolan-4-
phenylpropylamino carboxylate

to a 72L reaction bottle, then add a dilute phosphoric acid aqueous solution having a
concentration of 5% to the system to regulate the pH at 1£0.5, control the temperature at
-10x5°C, react for 1 hour, perform liquid separation to obtain an organic phase, add 3.3kg of
(0.8eq) N,N-diisopropylethylamine to the organic phase, and concentrate the system to obtain
5.2kg of (4S,5S)-2,2,5-trimethyl-1,3-dioxolan-4-methanoic acid

j ¥
;,,,(\

with a yield of 91%;

HO

Step 5: add 26 L (5 ml/g) of 1,4-dioxane, 5.2 kg (1 eq) of (4S,5S5)-2,2,5-trimethyl-1,3-dioxolan-

4-methanoic acid
O

M, 3
HO (g\ﬁ

and 3.7kg(1 eq) of N,N-diisopropylethylamine to a 72L reaction bottle, reduce the temperature
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to -30+5°C, add 3.1 kg(1 eq) of methyl chloroformate, react for 1 hour while preserving the
temperature, introduce a diazomethane gas for 1 hour, add 2kg (1eq) of a hydrochloride
ethanol solution having a concentration of 20%, react for 1 hour, add potassium bicarbonate to
regulate the pH value to 7+0.5, and perform extraction, liquid separation and concentration to
obtain 5kg of (4S,5S)-2,2,5-trimethyl-5-chloroacetyl-1,3-dioxolane

0
C'\)l'/«,!/&i
92

with a yield of 81%;

Step 6: add 25L(5ml/g) of methanol, 5kg of (45,5S)-2,2,5-trimethyl-5-chloroacetyl-1,3-
dioxolane

1.7 kg (1 eq) of sodium azide, and 0.22 kg (0.05eq) of potassium iodide to a 72 L bottle, after
react the system for 20 hours while preserving the temperature at 15+5°C, perform filtering
and concentration to obtain a methanol solution containing 4.5kg of (4S,5S)-2,2,5-trimethyl-5-

(2-azidoacetyl)-1,3-dioxolane
o .

Na\/u"t,
9

with a yield of 87%;

Step 7: add 22.5 L (5 ml/g) of methyl tert-butyl ether and 0.3 kg (0.05g/g) of 10% palladium on

carbon to a 100L reaction kettle, introduce hydrogen until the system pressure is 0.4+0.1 MPa,

regulate the pH of the system to 4+0.5 with benzenesulfonic acid, add the methanol solution
containing 4.5kg (1 eq) of (43,55)-2,2,5-trimethyl-5-(2-azidoacetyl)-1,3-dioxolane

preserve the temperature at 101+5°C, react for 5 hours, perform suction filtration and
concentration to obtain a filtrate containing 2.6kg of (3S,4S)-1-amino-3,4-dihydroxy-2-
pentanone a yield of 86%;

0]
H2N\/}l’", :
[ ou
OH © .

with

Step 8: add 21 L (5 ml/ig) of ethanol, 4.2L(1ml/g ) of pure water, 0.1 kg of (0.05eq) sodium
iodide, 3.2kg(1 eq) of compound A (2-amino-6-chloro-5-nitro-3H-pyrimidin-4-one), 1.83kg(1eq)
of (3S,4S)-1-amino-3,4-dihydroxy-2-pentanone

0
HN AL

g

and 4.4kg(3eq) of sodium carbonate to a 50L reaction bottle, react the system for 4 hours
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while preserving the temperature at 30+£5°C, then add a sodium dihydrogen phosphate-
disodium hydrogen phosphate aqueous solution to regulate the pH of the system to 6+0.5; and
filter the system to obtain 1.9kg of 2-acetylamino-5-nitro-6-((3S,4S)-3,3-dihydroxy-2-oxo-

pentylamino)-pyrimidin-4-one
0]

/k)\

NO,

HOL:)HY

with a yield of 42%;

Step 9: add 3.8kg(1 eq) of 2-acetylamino-5-nitro-6-((3S,4S)-3,3-dihydroxy-2-oxo-pentylamino)-
pyrimidin -4-one

/LAJI

HOOH

76L(20ml/g) of ethanol and 0.2kg(0.05g/g) of 20% palladium on carbon to a 100L autoclave,
introduce hydrogen until the system pressure is 0.4+0.05MPa, control the temperature of the
system at 15+5°C and the pressure at 0.4+0.05MPa, react for 18 hours, filter the system, and
regulate the pH to 11+0.5 to obtain of an ethanol solution containing 3.25kg of acetylamino-
7,8-dihydropteridine

(0} OH
Lo
N OH
KON
which is used directly in the next step;

Step 10: add 0.16kg(0.05g/g) of platinum dioxide in the presence of the ethanol solution
containing 3.25kg of acetylamino-7,8-dihydropteridine

O OH
8 S
/LNAN | KH OH
obtained in Step 9, introduce hydrogen until the system pressure is 0.4£0.05MPa, control the
temperature of the system at 10£5°C and the pressure at 0.4+x0.05MPa, react for 72 hours,
after reacting thoroughly, perform quenching in 12.6kg(3eq) of dilute hydrochloric acid having a

concentration of 10%, and perform suction filtration and drying to the system to obtain a target
product ie. a crude product of sapropterin dihydrochloride

TR

H N <ZI

* 2HCI
recrystalllze and purify the crude product by 16.3L (5ml/g) of isopropanol at 0£5°C, to obtain
1.52kg of a pure product, with a yield of 42%, a purity of 98.0% and an enantiomeric excess of
98.7%.

[0016] Embodiment 4: main raw material:
O

H3C\ O)K///\

3
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R=-CHj and X=0

Step 1: add 900 L (15 g/ml) of isopropanol, and 60 kg (1 eq) of methyl crotonate
O

Hgoo)J\/\

to a 2000 L reaction kettle, increase the system temperature to 45+5°C, add 178kg(2.5eq) of
N-bromobutanimide, react for 3.5 hours while preserving the temperature, add 420kg(2.5eq) of
a potassium hydroxide solution having a concentration of 20% to the system, react for 3.5
hours while preserving the temperature, perform extraction and concentration to obtain 42.6kg

of 2,3 epoxy-methyl butyrate
0

0
H3C-0J\1>\

with a yield of 61.2%;

Step 2: in the presence of 256 kg of (12eq) acetone, add 40 kg (0.8eq) of zinc chloride to a
2000 L reaction kettle, control the temperature at 25+5°C, add 42.6kg(1.0eq) of 2,3 epoxy-

methyl butyrate
o]

0
ch_o)!\l>\

s

react for 9 hours while preserving the temperature, add 1408kg of a potassium carbonate
(2.5eq) solution having a concentration of 9% to the system, and perform liquid separation,
extraction, and concentration in the system to obtain 49.8kg of 2,3-acetonide-methyl butyrate

with a yield of 78%;

Step 3: add 398(8ml/g) of methanol, and 49.8kg(1 eq) of 2,3-acetonide-methyl butyrate

o

Hgl’)-o/t\()/\é3

to a 1000L reaction kettle, increase the temperature to 35+5°C, add 9.3kg(1.8eq) of pure
water and 144.5kg(1.8eq) of a potassium hydroxide aqueous solution having a concentration
of 20%, react for 6.5 hours while preserving the temperature, perform centrifugation, dissolve a
filter cake in 398L (8ml/g) of methanol, add 154.7kg(4eq) of L-a-amphetamine, preserve the
temperature at 25+5°C for 4.5 hours, and perform centrifugation and drying to obtain 21.1 kg
of 1-phenylpropan-1-amine (4S,55)-2,2,5-trimethyl-1,3-dioxolane-4-carboxylate

Q

HO)H/(O
NHy O
o hY
k3

with a yield of 25%;

Step 4: add 48 L (8 ml/g) of methyl tert-butyl ether, 6kg (1 eq) of 1-phenylpropan-1-amine
(48,58)-2,2,5-trimethyl-1,3-dioxolane-4-carboxylate
[9)

HO'
— NH.  Ow/
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/N T T
s/ S \

to a 72L reaction bottle, then add a dilute hydrochloric acid aqueous solution having a
concentration of 9% to the system to regulate the pH at 2.5+0.5, control the temperature at
-545°C, react for 1 hour, perform liquid separation to obtain an organic phase, add 6.6kg of
(2.5eq) N,N-diisopropylethylamine to the organic phase, and concentrate the system to obtain
3.0kg of 1,3-dioxolan-4-carboxylic acid

i
Ho’l ""(\O

07Q
with a yield of 92%;

Step 5: add 36L(12 ml/g) of tetrahydrofuran, 3.0kg of (4S,5S)-2,2,5-trimethyl-1,3-dioxolan-4-
methanoic acid

(0]
HOJL"’rA\O
07,&

and 9.7kg(4eq) of N,N-diisopropylethylamine to a 72L reaction bottle, reduce the temperature

to -25+5°C, add 4.4kg(2.5eq) of methyl chloroformate, react for 1.5 hours while preserving the
temperature, introduce a diazomethane gas for 1.5 hours, add 15.3kg (4.5eq) of a
hydrochloride ethanol solution having a concentration of 20%, react for 1.5 hours, add
triethylamine to regulate the pH value to 8.5+0.5, and perform extraction, liquid separation and
concentration to obtain 3.0kg of (4S,5S)-2,2,5-trimethyl-5-chloroacetyl-1,3-dioxolane

0] <
L, 3
C|\/l /)E\é

with a yield of 83%;

Step 6. add 36L(12ml/g) of acetone, 3kg of (4S,55)-2,2,5-trimethyl-5-chloroacetyl-1,3-
dioxolane

3kg(3eq) of sodium azide, and 1.5kg (0.6eq) of sodium iodide to a 72L bottle, react the system
for 27 hours while preserving the temperature at 32£5°C, perform filtering and concentration to
obtain an acetone solution containing 2.8kg of (4S,59)-2,2,5-trimethyl-5-(2-azidoacetyl)-1,3-
dioxolane

with a yield of 91%;

Step 7: add 33.7L (12ml/g) of 2-methyltetrahydrofuran, 8.6kg(2.0eq) of triphenylphosphine,
and 0.5kg(2.0eq) of water to a 72L reaction kettle, regulate the pH of the system to 3£0.5 with
acetic acid, add the acetone solution containing 2.8kg of (4S,5S)-2,2,5-trimethyl-5-(2-
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azidoacetyl)-1,3-dioxoclane
(0} ~

w A,

&2
preserve the temperature at 25+5°C, react for 8.5 hours, perform suction filtration and
concentration to obtain a filtrate containing 1.6kg of (3S,4S)-1-amino-3,4-dihydroxy-2-
pentanone

-~

O -~
HN ., A
OH OH ,

with a yield of 87.5%;

Step 8: add 19.7 L(12 ml/g) of methanol, 6.4L(4ml/g ) of pure water, 0.8kg of (0.4eq) of sodium
iodide, 4.0kg(1.4eq) of compound A (2-amino-6-chloro-5-nitro-3H-pyrimidin-4-one), 1.6kg(1eq)
of (3S,4S)-1-amino-3,4-dihydroxy-2-pentanone

0
HaN \)L

and 8.7kg(7eq) of potassium bicarbonate to a 50L reaction bottle, react the system for 7 hours
while preserving the temperature at 70+5°C, then add a sodium dihydrogen phosphate-
disodium hydrogen phosphate aqueous solution to regulate the pH of the system to 7.5+0.5;

and filter the system to obtain 1.7kg of 2-acetylamino-5-nitro-6-((3S,4S)-3,3-dihydroxy-2-oxo-
pentylamino)-pyrimidin-4-one

0
o] HN)ENOZ GH
)LN)\\N N/\1)\/

H o5 OH |
with a yield of 43%;

Step 9: add 1.7kg(1 eq) of 2-acetylamino-5-nitro-6-((3S,4S)-3,3-dihydroxy-2-oxo-pentylamino)-

pyrimidin-4-one
0]
NO;

O HN J
/JLN/k\N N
H H

OH

O OH

78.7L(45ml/g) of methanol and 0.9kg(0.5g/g) of 5% palladium on carbon to a 100L autoclave,
introduce hydrogen until the reaction system pressure is 0.8£0.05MPa, control the temperature
of the system at 25+5°C and the pressure at 0.8+0.05MPa, react for 22 hours, filter the
system, and regulate the pH to 11£0.5 to obtain a methanol solution containing 1.5kg of

acetylamino-7,8-dihydropteridine
¢} OH
)LN/%N N OH
H H
which is used directly in the next step;

Step 10: add 0.7kg(0.05g/g) of 5% palladium on carbon in the presence of the methanol
solution containing 1.5kg of acetylamino-7,8-dihydropteridine

o OH
o HNJ‘I N\:('\/
Ak OH
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L

obtained in Step 9, introduce hydrogen until the pressure of the reaction kettle is 0.8£0.05MPa,
control the temperature of the system at 25+5°C and the pressure at 0.8£0.05MPa, react for
82 hours, after reacting thoroughly, perform quenching in 31.9kg(9eq) of dilute hydrochloric
acid having a concentration of 15%, and perform suction filtration and drying to the system to
obtain a target product, i.e. a crude product of sapropterin dihydrochloride

e ]ug

HN"2)N * 2HC!

recrystalhze and purify the crude product by 29L (20ml/g) of methanol at 35+5°C to obtain 0.8
kg of a pure product, with a yield of 45%, a purity of 98.3% and an enantiomeric excess of
99.1%.

[0017] Embodiment 5: main raw material:
o]

QAOM,

R=

o

and X=0

Step 1: add 780L(12g/ml) of ethanol, and 65kg(1eq) of benzyl crotonate

o~

to a 2000L reaction kettle, increase the system temperature to 42+5°C, add 127.3kg(2eq) of
meta-chloroperoxybenzoic acid, react for 3 hours while preserving the temperature, add
147.6kg(2eq) of a sodium hydroxide solution having a concentration of 20% to the system,
react for 3.2 hours while preserving the temperature, perform extraction and concentration to
obtain 44kg of 2,3-epoxy-benzyl butyrate

Jo
o

with a yield of 62%;

Step 2: in the presence of 132.8kg of (10eq) acetone, add 5.8kg(0.6eq) of lithium chloride to a
1000L reaction kettle, control the temperature at 22+5°C, add 44kg(1.0eq) of 2,3-epoxy-benzyl

butyrate
o

o
@/\OM
react for 7 hours while preserving the temperature, add 343kg of a potassium dicarbonate

(1.5eq) solution having a concentration of 10% to the system, and perform liquid separation,
extraction, and concentration in the system to obtain 44kg of 2,3-acetonide-benzyl butyrate
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with a yield of 77.5%;

Step 3: add 352(8ml/g) of ethanol, and 44kg(1 eq) of 2,3-acetonide-benzyl butyrate

o]

SRee

f

to a 1000L reaction kettle, increase the temperature to 37t5°C, add 4.8kg(1.5eq) of pure
water and 53.2kg(1.5eq) of a sodium hydroxide aqueous solution having a concentration of
20%, react for 6 hours while preserving the temperature, perform centrifugation, dissolve a
filter cake in 352L (8ml/g) of ethanol, add 71.9kg(3eq) of L-a-amphetamine, preserve the
temperature at 22+5°C for 4 hours, and perform centrifugation and drying to obtain 13.2kg of
1-phenylpropan-1-amine (4S,5S)-2,2,5-trimethyl-1,3-dioxolane-4-carboxylate

Q
Al
NH; O
C E 2 f\
with a yield of 25.3%;

Step 4: add 48L(6ml/g) of 1,4-dioxane, 8kg (1 eq) of 1-phenylpropan-1-amine (4S,55)-2,2,5-

trimethyl-1,3-dioxolane-4-carboxylate
Q
HO!

@_-{NHQ o\<3

%
to a 72 L reaction bottle, then add a dilute sulphuric acid aqueous solution having a
concentration of 10% to the system to regulate the pH at 2.5+0.5, control the temperature at
-5+£5°C, react for 1 hour, perform liquid separation to obtain an organic phase, add 7.0kg of
(2.0eq) N,N-diisopropylethylamine to the organic phase, and concentrate the system to obtain
4.1 kg of (45,5S)-2,2,5-trimethyl-1,3-dioxolan-4-methanoic acid

10 B
HO/l ""'(io
O%

with a yield of 93.5%;

Step 5: add 49L(12 ml/g) of 2-methyltetrahydrofuran, 4.1kg of 1,3-dioxolan-4-carboxylic acid

9
s
o

and 13.1 kg(4eq) of N,N-diisopropylethylamine to a 100L reaction bottle, reduce the
temperature to -22+5°C, add 5.5kg(2.0eq) of ethyl chloroformate, react for 1.8 hours while
preserving the temperature, introduce a diazomethane gas for 1.8 hours, add 18.5kg (4.5eq)
of a hydrochloride ethanol solution having a concentration of 20%, react for 1.8 hours, add
potassium bicarbonate to regulate the pH value to 8.5+0.5, and perform extraction, liquid
separation and concentration to obtain 4.1 kg of (45,5S)-2,2,5-trimethyl-5-chloroacetyl-1,3-
dioxolane
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\
with a yield of 83.7%;

Step 6: add 49L(12ml/g) of acetone, 4.1 kg of (4S,5S)-2,2,5-trimethyl-5-chloroacetyl-1,3-
dioxolane

a N
Cz\)LT/{
¢
O\ﬁ
3.4kg(2.5eq) of sodium azide, and 1.8kg (0.5eq) of potassium iodide to a 72L bottle, react the
system for 26 hours while preserving the temperature at 34+5°C, perform filtering and
concentration to obtain an acetone solution containing 3.9kg of (4S,55)-2,2,5-trimethyl-5-(2-
azidoacetyl)-1,3-dioxolane
o .
Nos I,
with a yield of 91.5%;
Step 7: add 46.4L (12ml/g) of methyl tert-butyl ether and 1.2kg(0.3g/g) of Raney nickel to a
100L reaction kettle, introduce hydrogen until the system pressure is 0.8+0.1 MPa, regulate
the pH of the system to 3+0.5 with concentrated sulfuric acid, add an acetonitrile solution
containing 3.9kg(1 eq) of (4S,5S)-2,2,5-trimethyl-5-(2-azidoacetyl)-1,3-dioxolane
o .
Nox A,
react at 27+5°C for 8.5 hours, perform suction filtration and concentration to obtain 2.3kg of
(35,4S)-1-amino-3,4-dihydroxy-2-pentanone

)
HzN \/“’u,l/i
OH OH

with a yield of 89%;

Step 8: add 23L(10ml/g) of propanol, 6.9L(3ml/g) of pure water, 0.9kg of (0.3eq) of potassium
iodide, 4.8kg(1.2eq) of compound A (2-amino-6-chloro-5-nitro-3H-pyrimidin-4-one), 2.3kg(1eq)
of (3S,4S)-1-amino-3,4-dihydroxy-2-pentanone

O >
HQN\/U.,,T =

H
OHO

and 10.5kg(6eq) of diisopropylamine to a 50L reaction bottle, react the system for 7 hours
while preserving the temperature at 72+5°C, then add a potassium dihydrogen phosphate-
dipotassium phosphate aqueous solution to regulate the pH of the system to 7.5+0.5; and filter
the system to obtain 2.5kg of 2-acetylamino-5-nitro-6-((3S,4S)-3,3-dihydroxy-2-oxo-
pentylamino)-pyrimidin-4-one

0
O HN ] NO: oy
M
NTUNTN .
H "o o,

with a yield of 44%;
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Step 9: add 1.25kg(1 eq) of 2-acetylamino-5-nitro-6-((35,4S)-3,3-dihydroxy-2-oxo-

pentylamino)-pyrimidin-4-one
9}

O HN ‘ NO

)LE{A\N N

H

OH

o] OH’

50L(40ml/g) of ethanol and 0.5kg(0.4g/g) of 10% palladium on carbon to a 100L autoclave,
introduce hydrogen until the reaction system pressure is 0.8£0.05MPa, control the temperature
of the system at 27+5°C and the pressure at 0.8£0.05MPa, react for 24 hours, filter the
system, and regulate the pH to 111£0.5 to obtain an ethanol solution containing 1.1kg of
acetylamino-7,8-dihydropteridine

o oH
o H‘?‘)J\/[[N\ N
Ay o
H H

which is used directly in the next step;

Step 10: add 0.44kg(0.4g/g) of 10% palladium on carbon in the presence of the ethanol
solution containing 1.1 kg of acetylamino-7,8-dihydropteridine

0 oA
LN
Teee
/J\N)\\N N or
H H
obtained in Step 9, introduce hydrogen until the pressure of the reaction kettle is 0.8+0.05MPa,
control the temperature of the system at 25+5°C and the pressure at 0.8+0.05MPa, react for
80 hours, after reacting thoroughly, perform quenching in 20kg(8eq) of dilute hydrochloric acid

having a concentration of 15%, and perform suction filtration and drying to the system to obtain
a target product, i.e. a crude product of sapropterin dihydrochloride

0 " OHS
o
HN"AN

H * 2HCI ,

recrystallize and purify the crude product by 21.4L (20ml/g) of ethanol at 35+5°C to obtain 0.4
kg of a pure product, with a yield of 46.2%, a purity of 98.5% and an enantiomeric excess of
99.2%.

[0018] Embodiment 6: main raw material:

(@]
{
/I\HNV\’

R=

PN

and X=N

Step 1: add 510L(6g/ml) of methanol, and 85kg(1eq) of (E)-N-isopropylbut-2-enamide

J N



DK/EP 2837629 T3

to a 2000 L reaction kettle, increase the system temperature to 37+5°C, add 120.5kg(1 eq) of
tert-butyl hydroperoxide toluene solution having a concentration of 50%, react for 2.5 hours
while preserving the temperature, add 133.7kg(1 eq) of a sodium hydroxide solution having a
concentration of 20% to the system, react for 3.5 hours while preserving the temperature,
perform extraction and concentration to obtain 59kg of N-isopropyl-3-methyloxirane-2-
carboxamide

)\ /?I\O}/\'\
N
H ]
with a yield of 61.7%;

Step 2: in the presence of 119.8kg of (5eq) acetone, add 9.3kg(0.1 eq) of zinc bromide to a
1000L reaction kettle, control the temperature at 15+5°C, add 59kg(1.0eq) of N-isopropyl-3-
methyloxirane-2-carboxamide

M\p\

react for 6 hours while preserving the temperature, add 173kg of a sodium dicarbonate (0.5eq)
solution having a concentration of 10% to the system, and perform liquid separation,
extraction, and concentration in the system to obtain 64.7kg of N-isopropyl-2,2,5-trimethyl-1,3-
dioxolane-4-carboxamide

with a yield of 78%;

Step 3: add 259(4ml/g) of tetrahydrofuran, and 64.7kg(1 eq) of N-isopropyl-2,2,5-trimethyl-1,3-
dioxolane-4-carboxamide

J\MMO
~t

to a 1000 L reaction kettle, increase the temperature to 27+5°C, add 2.9kg(0.5eq) of pure
water and 29.9kg(0.5eq) of a methanol solution of sodium methoxide having a concentration of
29%, react for 4 hours while preserving the temperature, perform centrifugation, dissolve a
filter cake in 194L (3ml/g) of tetrahydrofuran, add 39kg(1 eq) of L-a-phenylethylamine,
preserve the temperature at 18+5°C for 3.5 hours, and perform centrifugation and drying to
obtain 22.4kg of 1-phenylethanamine 2,2,5-trimethyl-1,3-dioxolane-4-carboxylate

oAl

with a yield of 24.7%;

Step 4: add 30L(3ml/g) of 2-methyltetrahydrofuran, 10kg (1eq) of 1-phenyltehanamine -2,2,5-

trimethyl-1,3-dioxolane-4-carboxylat
0

HO

NH; o\,ﬁo‘

to a 72L reaction bottle, then add a dilute phosphoric acid aqueous solution having a



DK/EP 2837629 T3

concentration of 10% to the system to regulate the pH at 1.5£0.5, control the temperature at
-5+5°C, react for 1 hour, perform liquid separation to obtain an organic phase, add 3.7kg of
(0.8eq) N,N-diisopropylethylamine to the organic phase, and concentrate the system to obtain
5.3kg of (4S,5S)-2,2,5-trimethyl-1,3-dioxolan-4-methanoic acid

with a yield of 92.5%;

HO

Step 5: add 42L(8 ml/g) of 1,4-dioxane, 5.3kg of 1,3-dioxolan-4-carboxylic acid

Bz
N, X
HO™ ™
fp

7&

and 8.5kg(2eq) of N,N-diisopropylethylamine to a 100L reaction bottle, reduce the temperature
to -10+5°C, add 4kg(21.0eq) of propyl chloroformate, react for 2 hours while preserving the
temperature, introduce a diazomethane gas for 2 hours, add 12kg (2eq) of a hydrochloride
ethanol solution having a concentration of 20%, react for 2 hours, add sodium hydroxide to
regulate the pH value to 7.520.5, and perform extraction, liquid separation and concentration
to obtain 5.1 kg of (4S,5S)-2,2,5-trimethyl-5-chloroacetyl-1,3-dioxolane

with a yield of 81%;

Step 6: add 41 L(8ml/g) of tetrahydrofuran, 5.1kg of (45,5S)-2,2,5-trimethyl-5-chloroacetyl-1,3-
dioxolane

, /‘@ :
Ch :C’)/\\@
3.1 kg(1 eq) of azidotrimethylsilane, and 0.5kg (0.1 eq) of sodium iodide 10 a 72L bottle, react
the system for 30 hours while preserving the temperature at 12+5°C, perform filtering and

concentration to obtain an acetone solution containing 4.6kg of (4S,5S)-2,2,5-trimethyl-5-(2-
azidoacetyl)-1,3-dioxclane

O g
N, 3

T

o\<\
with a yield of 87.5%;
Step 7: add 28L (6ml/g) of 1,4-dioxane and 0.23kg(0.05g/g) of 10% palladium on carbon to a
50L reaction kettle, introduce hydrogen until the system pressure is 0.8+0.1MPa, regulate the

pH of the system to 3+0.5 with acetic acid, add an acetonitrile solution containing 4.6kg(1 eq)
of (48,59)-2,2,5-trimethyl-5-(2-azidoacetyl)-1,3-dioxolane

O
Mo,
5P
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\

react at 2725°C for 8.5 hours, perform suction filtration and concentration to obtain 2.7 kg of
(35,4S)-1-amino-3,4-dihydroxy-2-pentanone

o -
HoN L, —
OH OH ,

with a yield of 87.7%;

Step 8: add 16.3 L (6 ml/g) of isopropanol, 2.7 L (1 g/g ) of pure water, 0.4kg of (0.1 eq) of
sodium iodide, 4.8kg(1.0eq) of compound A (2-amino-6-chloro-5-nitro-3H-pyrimidin-4-one),
2.7kg(1eq) of (3S,4S)-1-amino-3,4-dihydroxy-2-pentanone
O -~
|, 3
HQN\),,(('):\OHy
and 8.7kg(4eq) of sodium carbonate to a 50L reaction bottle, react the system for 7 hours
while preserving the temperature at 45+5°C, then add an ammonium formate-ammonia
aqueous solution to regulate the pH of the system to 6.5+£0.5; and filter the system to obtain
2.85kg of 2-acetylamino-5-nitro-6-((3S,4S)-3,3-dihydroxy-2-oxo-pentylamino)-pyrimidin-4-one

0
P HN/LE:NOZ OH

o om,
with a yield of 42.5%;

Step 9: add 2kg(1 eq) of 2-acetylamino-5-nitro-6-((3S,4S)-3,3-dihydroxy-2-oxo-pentylamino)-
pyrimidin-4-one

9
0 HN'JJ\/I[N02 OH
/J\M)\\N N/\n/'\;/

H Hoo oH |
60L(30ml/g) of ethanol and 0.2kg(0.1g/g) of platinum dioxide to a 100L autoclave, introduce
hydrogen until the reaction system pressure is 0.6£0.05MPa, control the temperature of the
system at 20+5°C and the pressure at 0.6+0.05MPa, react for 20 hours, filter the system, and
regulate the pH to 11+0.5 to obtain an ethanol solution containing 1.7kg of acetylamino-7,8-
dihydropteridine

Cf " OH
LS
which is used directly in the next step;

Step 10: add 0.2kg(0.1g/g) of platinum dioxide in the presence of the ethanol solution
containing 1.7kg of acetylamino-7,8-dihydropteridine

(o] OH
0 HN)EN\:(KE/
)/J\N/k\N N OH
H H

obtained in Step 9, introduce hydrogen until the pressure of the reaction kettle is 0.6£0.05MPa,
control the temperature of the system at 15x5°C and the pressure at 0.6£0.05MPa, react for
75 hours, after reacting thoroughly, perform quenching in 30kg(5eq) of dilute hydrochloric acid
having a concentration of 10%, and perform suction filtration and drying to the system to obtain
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a target product, i.e. a crude product of sapropterin dihydrochloride
OH
H

0 i |

HN S S

O Je e
S OH

HaN" N ﬁ “2HOl

recrystallize and purify the crude product by 17L (10ml/g) of butanone at 15£5°C to obtain 0.6
kg of a pure product, with a yield of 43%, a purity of 98.4% and an enantiomeric excess of
98.9%.

[0019] Thus, it can be seen that synthesis of a sapropterin dihydrochloride compound
disclosed in a method of the present invention can obtain a target product with a high purity, a
high enantiomeric excess, and a high yield. The synthesis method uses readily-available raw
materials, significantly reduces a synthesis route of sapropterin dihydrochloride. The
technological conditions are stable, and there is less pollution in the whole operation process,
hence providing an effective scheme for mass industrial production of sapropterin
dihydrochloride.
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PATENTKRAYV

Fremgangsmade til syntetisering af sapropterindihydrochlorid, kendetegnet

ved, at den omfatter felgende trin:

trin 1: en forbindelse 1 med formlen
0

R-X"

underkastes epoxydering for at frembringe en forbindelse 2 med formlen
20

R-X

hvor X=NH eller O, R=C1-C6 alkan eller benzyl;

trin 2:i neerveer af acetone, en Lewis-syre, en uorganisk basevaeske reagerer
forbindelsen 2 med formlen

[ &)
NP NN

for at frembringe en forbindelse 3 med formlen
0

R-X/U\Of(o
+

trin 3: forbindelsen 3 med formlen
Q

R-X’u\f(o

O\f*
reagerer i en alkalisk oplgsning, et polaert oplgsningsmiddel anvendes til at
oplose en filterkage opnédet ved centrifugering, derefter tilseettes en
oplasningsreagens for at gennemfgre oplasning for at opnéa en forbindelse 4

med formlen
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O <
NH; P

PN ‘\HO 'g/:‘o
(CHQM\&\. P 7‘\“

hvor n=0,1;

trin 4: at oplose forbindelsen 4 med formlen

I,
NHZ‘ Ho" ”q[/\

0
NAYTR -
) s

o~

i et etheroplasningsmiddel og at gennemfore separation under sure
betingelser for at opnd en organisk fase og at tilseette N,N-diisopropyl-

ethylamin til den organiske fase for at opna en forbindelse 5 med formlen
D ¥
HO) l""rr*:\o

7~

trin 5: at anvende forbindelsen 5 med formlen

Q .
N

HO™ r’\o
°7~
som et rdmateriale til at syntetisere en forbindelse 6 med formlen

9  :
Cl\/’:i'n y
o]

o\<_~;

trin 6: at reagere forbindelsen 6 med formlen
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trin 7: at underkaste forbindelsen 7 med formlen

O =

Na\/‘L,,r,{
O\LCi
\

hydrogenering for at opna en forbindelse 8 med formlen
O Py
HQN\)L,,[/{O

OH H -

trin 8: at reagere forbindelsen 8 med formlen

o]
H,N v,l{ \
oH 8

og en forbindelse A med formlen
o
e
N SN

for at frembringe en forbindelse 9 med formlen

0
B NN

i 1 -
N N ﬁ,{'\\f(/

N
H

Q OH:

trin 9: at underkaste forbindelsen 9 med formlen

2
oM MOz o
PNy ])\/
NTONTTN -
H H/\é) S

cyclisering for at opné en forbindelse 10 med formlen

o oM
A ng ,k/
JEsent
H H :

trin 10: at tilsaette en katalysator til forbindelsen 10 med formlen
H

R et

G
N y
NT N OH
H H ,

at indfere hydrogen for at gennemfgre en reaktion og derefter at gennemfgre
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koling i saltsyre med en koncentration pa 10% til 20% for at opna sapropterin-
dihydrochlorid.

Syntetiseringsfremgangsmade ifglge krav 1, kendetegnet ved, at den om-

fatter folgende trin:

trin 1:i neerveer af et poleert oplgsningsmiddel at tilsaette forbindelsen 1 med

formlen R-X
0

NN

at gge systemtemperaturen til 35°C til 50°C, at tilsaette et oxidationsmiddel,
at reagere i 2 til 5 timer, mens temperaturen opretholdes, derefter at tilsaette
en vandig oplgsning af en steerk base med en koncentration pa 10 veegt-%
til 20 vaegt-% til systemet, mens temperaturen opretholdes, at reagere
systemet i 3 til 4 timer efter tilsaetning af den vandige oplasning af en steerk
base og at gennemfgre ekstraktion og koncentration for at opna forbindelsen

2 med formlen

20
R«XJ\E>\;

trin 2: at tilsaette en Lewis-syre i naerveer af acetone, at styre temperaturen
ved 10°C til 30°C, at tilsaette forbindelsen 2, at reagere i 5 til 10 timer, mens
temperaturen opretholdes, at tilseette en uorganisk baseoplgsning med en
koncentration pa 5 vaegt-% til 10 veegt-% til systemet og at gennemfare
veeskeseparation, ekstraktion og koncentration pa systemet for at opnéd

forbindelsen 3 med formlen
o
R-X o)

ox\/ﬂ‘ |
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trin 3: at tilsaette forbindelsen 3 i naerveer af et poleert oplgsningsmiddel, at
age temperaturen til 25°C til 40°C, at tilseette rent vand og en alkalisk oplgs-
ning, at reagere i 3 til 8 timer, mens temperaturen opretholdes, at gennem-
fore centrifugering, at oplose en filterkage i et poleert oplesningsmiddel, som
er det samme som det poleere oplgsningsmiddel anvendt i reaktionen, at
tilseette en oplg sningsreagens, at opretholde temperaturen ved 15°C til 30°C
i 3til 5timer, at gennemfare centrifugering og at tarre for at opna forbindelsen

4 med formlen

i.'if :
i -
NH A
WAy’
W ) F~
hvor n=0,1;

trin 4: at tilseette forbindelsen 4 i nzerveer af et etheroplgsningsmiddel, der-
efter at tilseette en vandig uorganisk syreoplgsning med en koncentration pa
5% til 10% til systemet for at regulere pH til 1 til 3, at styre temperaturen ved
-10°C til 10°C, at opretholde temperaturen i 1 time, at gennemfgre
veeskeseparation for at opnad en organisk fase, at tilsaette N,N-
diisopropylethylamin til den organiske fase og at koncentrere systemet for at

opna forbindelsen 5 med formlen
o)

HO)L c‘)/?\i

trin 5: at tilsaette forbindelsen 5 og N,N-diisopropylethylamin i naerveer af et
etheroplesningsmiddel, at seenke temperaturen til -30°C til 0°C, at tilsaette et
chloroformiat, at reagere i 1 til 2 timer, mens temperaturen opretholdes, at
indfore en diazomethangas i 1 til 2 timer, at tilseette en hydrochlorid-
ethanoloplgsning, at reagere i 1 til 2 timer, at tilseette en alkalisk reagens for
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at regulere pH-veerdien til 7 til 9, at gennemfore ekstraktion, veeske-

separation og koncentration for at opna forbindelsen 6 med formlen

(o]
l §

trin 6: at tilseette forbindelsen 6, en trinitrid og en katalysator i neerveer af et
polaert oplgsningsmiddel, at reagere systemet ved 15°C til 40°C i 20 til 30
timer, mens temperaturen opretholdes, derefter at gennemfare filtrering og
koncentration for at opné en oplgsning af forbindelsen 7 med formlen

der anvendes direkte i det neeste trin;

trin 7: at tilsaette triphenylphosphin og vand eller palladium pé& carbon og
hydrogen eller Raney-nikkel og hydrogen i naerveer af et etheroplasnings-
middel, at regulere systemets pH til 1 til 4 med en syrereagens, at tilseette en
oplesning af forbindelsen 7, at opretholde temperaturen ved 10°C til 30°C, at
reagere i 5 til 10 timer, at gennemfare vakuumfiltrering og koncentration for
at opna et filtrat, der indeholder forbindelsen 8 med formlen

o] N
HZN\/H"A, {
%

OH H

hvor filtratet anvendes direkte i det nasste trin, eller et faststof af forbindelsen

8, der separeres fra filtratet til anvendelse i det neeste trin;

trin 8: at tilseette en katalysator, forbindelsen A med formlen
]

0 HN’U\/(LNOZ
/JJ\H)*N, cl

forbindelsen 8 og en alkalisk reagens i naerveer af et alkoholholdigt oplos-
ningsmiddel og rent vand, at reagere systemet ved 30°C til 80°C i 4 til 8 timer,

mens temperaturen opretholdes, at tilseette en bufferoplesning for at regulere
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systemets pH til 6 til 8 og at filtrere systemet for at opna forbindelsen 9 med

formlen

Q
NO;

G HN $ OH
)LN)%N -~ N/\n/k:/
H o5 éw :

trin 9: at tilseette en katalysator i neerveer af forbindelsen 9 og et polaert
oplesningsmiddel, at indfere hydrogen, indtil trykket i systemet er 0,4 til
0,9MPa, at styre temperaturen i systemet ved 15°C til 30°C og tryk ved 0,4
til 0,9MPa, at reagere i 18 til 24 timer, at filtrere systemet og at regulere
systemets pH til 11 til 12 med en alkalisk reagens for at opné& en oplgsning

af forbindelsen 10 med formlen

der skal anvendes direkte i det naeste trin;

trin 10: at tilseette en katalysator i naerveer af oplesningen af forbindelsen 10
opnéetitrin 9, at indfare hydrogen, indtil trykket i systemet er 0,4 til 0,9MPa,
at styre temperaturen i systemet ved 10°C til 30°C, at styre trykket ved 0,4 til
0,9MPa, at reagere i 72 til 84 timer, at gennemfgre kaling i fortyndet saltsyre
med en koncentration pa 10% til 20% efter grundig reaktion og at gennem-
fare vakuumfiltrering og tarring pa systemet for at opna et sapropterin-
dihydrochloridraprodukt.

3.  Syntetiseringsfremgangsmade ifglge krav 2, kendetegnet ved, at trin 10
endvidere omfatter: at krystallisere og rense sapropterindihydrochloridraproduktet
med et alkoholholdigt oplasningsmiddel eller et ketonoplgsningsmiddel ved 0°C til
40°C for at opna et rent sapropterindihydrochloridprodukt.

4.  Syntetiseringsfremgangsmade ifglge krav 1, kendetegnet ved, at den om-

fatter folgende trin:
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trin 1: i neerveer af et polaert oplgsningsmiddel at tilsaette forbindelsen 1 med

formlen
0

R“XJ\%\!

hvor X=NH eller O, R=C1 til C6 alkan eller benzyl, at gge systemets tempe-
ratur til 35°C til 50°C, at tilsaette et oxidationsmiddel, at reagere i 2 til 5 timer,
mens temperaturen opretholdes, derefter at tilseette en vandig oplesning af
en steerk base med en koncentration pa 10% til 20% til systemet, mens
temperaturen opretholdes, at reagere systemet i 3 til 4 timer efter tilseetning
af den vandige oplgsning af en staerk base og at gennemfgre ekstraktion of

koncentration for at opnéa forbindelsen 2 med formlen

70

R-X

hvor forholdet mellem anvendelsesmaengden af forbindelsen med formlen

Q
{
NP NN

og den af det poleere oplgsningsmiddel er 1 g/5 to 20 ml, hvor molforholdet
mellem forbindelsen med formlen R-X

o

JJ\f’/’\

og oxidationsmidlet er 1:1 til 3, og molforholdet mellem forbindelsen med

formlen
R—x’)v\

og den steerke base er 1:1 til 3;

trin 2: at tilsaette en Lewis-syre i naerveer af acetone, at styre temperaturen
ved 10°C til 30°C, at tilseette forbindelsen 2, at reagere i 5 til 10 timer, mens
temperaturen opretholdes, at tilseette en uorganisk baseoplasning med en
koncentration pa 5% til 10% til systemet og at gennemfare veeskeseparation,
ekstraktion og koncentration pa systemet for at opna forbindelsen 3 med

formlen
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(@]

R-XJE/({)
-

hvor molforholdet mellem forbindelsen 2 og acetone er 1:3 il 15; molforholdet
mellem forbindelsen 2 og Lewis-syren er 1: 0,1 til 1; og molforholdet mellem

forbindelsen 2 og den uorganiske base er 1: 0,5 il 3;

trin 3: at tilseette forbindelsen 3 i naerveer af et poleert oplgsningsmiddel, at
gge temperaturen til 25°C til 40°C, at tilsaette rent vand og en alkalisk
oplasning, at reagere i 3 til 8 timer, mens temperaturen opretholdes, at
gennemfgre centrifugering, at oplose en filterkage i et poleert oplesnings-
middel, som er det samme som det polaere oplgsningsmiddel anvendt i
reaktionen, at tilsaette en oplasningsreagens, at opretholde temperaturen
ved 15°C til 30°C i 3 til 5 timer, at gennemfgre centrifugering og at tarre for

at opna forbindelsen 4 med formlen

. Q .
NHy, HD’l Er’ %

\(Cﬁ’?ﬂ/\j O?(\ |
hvor n=0,1;

hvor forholdet mellem anvendelsesmasngden af forbindelsen 3 og den af det
polaere oplgsningsmiddel anvendt i reaktionen er 1 g/3 til 10 ml; molforholdet
mellem forbindelsen 3 og rent vand er 1:0,5 til 3; molforholdet mellem
forbindelsen 3 og en alkalisk substans i den alkaliske oplgsning er 1:0,5 til 2;
forholdet mellem anvendelsesmasngden af forbindelsen 3 og den af det
polaere oplgsningsmiddel til oplgsning af filterkagen er 1 g/2 til 10 ml; og

molforholdet mellem forbindelsen 3 og oplesningsreagensen er 1:1 til 5;

trin 4: at tilsaette forbindelsen 4 i naerveer af et etheroplosningsmiddel,
derefter at tilsaette en vandig oplgsning af en uorganisk syre med en koncen-
tration p4 5% til 10% til systemet for at regulere pH til 1 til 3, at styre
temperaturen ved -10°C til 10°C, at gennemfare vaeskeseparation for at opna

en organisk fase, at tilseette N,N-diisopropylethylamin til den organiske fase
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10

0g at koncentrere systemet for at opna forbindelsen 5 med formlen

3
Ho’lv"'r’\o
074“
hvor forholdet mellem anvendelsesmangden af forbindelsen 4 og den af
etheroplgsningsmidlet er 1 g/3 til 10 ml, og molforholdet mellem forbindelsen

4 og N,N-diisopropylethylamin er 1:0,8 til 3;

trin 5: at tilsaette forbindelsen 5 og N,N-diisopropylethylamin i naervaer af et
etheroplgsningsmiddel, at seenke temperaturen til -30°C til 0°C, at tilsaette et
chloroformiat, at reagere i 1 til 2 timer, mens temperaturen opretholdes, at
indfore en diazomethangas i 1 til 2 timer, at tilsaette en hydrochloridethanol-
oplesning, at reagere i 1 til 2 timer, at tilsaette en alkalisk reagens for at
regulere pH-vaerdien til 7 til 9, at gennemfare ekstraktion, vaeskeseparation

og koncentration for at opné forbindelsen 6 med formlen
e}

cl\/‘hg\éo

hvor forholdet mellem anvendelsesmaengden af forbindelsen 5 og den af
etheroplasningsmidlet er 1 g/5 til 15 ml; molforholdet mellem forbindelsen 5
og N,N-diisopropylethylamin er 1:1 til 5; molforholdet mellem forbindelsen 5
og chloroformiatet er 1:1 til 3; og molforholdet mellem forbindelsen 5 og
hydrogenchlorid i hydrogenchlorid-ethanoloplgsningen er 1:1 til 5;

trin 6: at tilseette forbindelsen 6, en trinitrid og en katalysator i naerveer af et
polaert oplesningsmiddel, at reagere systemet ved 15°C til 40°C i 20 til 30
timer, mens temperaturen opretholdes, derefter at gennemfare filtrering og
koncentration for at opné en oplasning af forbindelsen 7 med formlen
2 s
Na\)‘l"’i/io
O
\
der anvendes direkte i det naeste trin;

hvor forholdet mellem anvendelsesmaengden af forbindelsen 6 og den af det
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11

polaere oplgsningsmiddel er 1 g/5 til 15 ml; molforholdet mellem forbindelsen
6 og trinitriden er 1:1 til 4; og molforholdet mellem forbindelsen 6 og

katalysatoren er 1:0,05 til 0,8;

trin 7: at tilsaette triphenylphosphin og vand eller palladium p& carbon og
hydrogen eller Raney-nikkel og hydrogen i naerveer af et etheroplgsnings-
middel, at regulere systemets pH til 1 til 4 med en syrereagens, at tilseette en
oplesning af forbindelsen 7, at opretholde temperaturen ved 10°C til 30°C, at
reagere i 5 til 10 timer, at gennemfare vakuumfiltrering og koncentration for

at opna et filtrat, der indeholder forbindelsen 8 med formlen

o} -

H,N \/U
o

OH H.

hvor filtratet anvendes direkte i det naeste trin, eller et faststof af forbindelsen
8, der separeres fra filtratet til anvendelse i det neeste trin;

hvor forholdet mellem anvendelsesmasngden af forbindelsen 7 og den af
etheroplgsningsmidlet er 1 g /5 til 15 ml; molforholdet mellem forbindelsen 7
og triphenylphosphin er 1:0,1 til 3; forholdet mellem anvendelsesmaengden
af forbindelsen 7 og den af vand er 1:0,1 til 3; masseforholdet mellem
forbindelsen 7 og 5% palladium péa carbon eller 10% palladium pa carbon
eller Raney-nikkel er 1:0,05 til 0,6; hydrogenet indfgres, indtil trykket i
systemet er 0,4 til 0,9MPa;

trin 8: at tilseette en katalysator, forbindelsen A med formlen
Q

A
ALK

H

NO,

Cl

og en alkalisk reagens i naervaer af et alkoholholdigt oplesningsmiddel og
rent vand, at reagere systemet ved 30°C til 80°C i 4 til 8 timer, mens
temperaturen opretholdes, at tilsaette en bufferoplasning for at regulere
systemets pH til 6 til 8, og at filtrere systemet for at opna forbindelsen 9 med

formlen



10

15

20

25

DK/EP 2837629 T3

12

HNj\(Nag QH

Q

AH)QN}LQ,E(!;{
hvor forholdet mellem anvendelsesmasngden af forbindelsen 8 og den af det
alkoholholdige oplgsningsmiddel er 1 g/5 til 15 ml; forholdet mellem
anvendelsesmaengden af forbindelsen 8 og den af rent vand er 1 g/1 til 5 ml;
molforholdet mellem forbindelsen 8 og forbindelsen A er 1:1 til 1,5;
molforholdet mellem forbindelse 8 og katalysatoren er 1:0,05 til 0,5; og

molforholdet mellem forbindelsen 8 og den alkaliske reagens er 1:3 il 8;

trin 9: at tilseette en katalysator i neerveer af forbindelsen 9 og et poleert
oplosningsmiddel, at indfgre hydrogen, indtil trykket i systemet er 0,4 til
0,9MPa, at styre temperaturen i systemet ved 15°C til 30°C og trykket ved
0,4 til 0,9MPa, at reagere i 18 til 24 timer, at filtrere systemet og at regulere
systemets pH til 11 til 12 med en alkalisk reagens for at opna en oplgsning

af forbindelsen 10 med formlen
o] OH

G HN i 'N\ H
s O
NTONT N
H #

som skal anvendes direkie i det naeste trin; hvor forholdet mellem
anvendelsesmangden af forbindelsen 9 og den af det poleere oplos-
ningsmiddel er 1 g/20 til 50 ml, og masseforholdet mellem forbindelsen 9 og

katalysatoren er 1:0,05 il 0,6;

trin 10: at tilseette en katalysator i naerveer af oplasningen af forbindelsen 10
opnaetitrin 9, at indfare hydrogen, indtil trykket i systemet er 0,4 til 0,9MPa,
at styre temperaturen i systemet ved 10°C til 30°C, at styre trykket ved 0,4 til
0,9MPa, at reagere i 72 til 84 timer, at gennemfgre koling i fortyndet saltsyre
med en koncentration pa 10% til 20% efter grundig reaktion og at
gennemfare vakuumfiltrering og terring pa systemet for at opna et

sapropterindihydrochloridraprodukt og endvidere at krystallisere og rense
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sapropterindihydrochloridraproduktet med et alkoholholdigt oplgsnings-
middel eller et ketonoplasningsmiddel ved 0°C til 40°C for at opné et rent
sapropterindihydrochloridprodukt,

hvor masseforholdet mellem forbindelsen 10 og katalysatoren er 1:0,05 til
0,6; molforholdet mellem forbindelsen 10 og saltsyre er 1:3 til 10; og forholdet
mellem anvendelsesmeengden af forbindelsen 10 og den af det alkohol-

holdige oplasningsmiddel eller ketonoplasningsmidlet er 1 g/5 til 25 ml.

5.  Syntetiseringsfremgangsmade ifalge krav 4, kendetegnet ved, at i trin 1 er
det poleere oplesningsmiddel vand, methanol, ethanol eller isopropanol, fortrinsvis
vand, methanol eller ethanol, optimalt vand; oxidationsmidlet er N-brombutanimid,
meta-chloroperoxybenzoesyre, hydrogenperoxid med en koncentration pa 35%
eller en toluenoplgsning af tert-butylhydroperoxid med en koncentration pa 50%,
fortrinsvis N-brombutanimid, meta-chloroperoxybenzoesyre eller en toluen-
oplasning af tert-butylhydroperoxid med en koncentration pa 50% og optimalt N-
brombutanimid; den steerke base er natriumhydroxid eller kaliumhydroxid,
fortrinsvis  natriumhydroxid; forholdet mellem anvendelsesmaengden af

forbindelsen med formlen

R_XJK//‘\

og den af det polaere oplasningsmiddel er 1 g/5 til 15 ml, fortrinsvis 1 ¢/6 til 12 ml;

molforholdet mellem forbindelsen med formlen
R_XJJ\//}\.

og oxidationsmidlet er 1:1 til 2,5, fortrinsvis 1:1 til 2; molforholdet mellem forbin-

delsen med formlen
R"XM

og den staerke base er 1:1 til 2,5, fortrinsvis 1:1 til 2; i trin 2 er Lewis-syren
fortrinsvis aluminiumchlorid, jernchlorid, zinkchlorid, en bortrifluorid-diethyletherat-

oplasning med en koncentration pa 47%, zinkbromid eller lithiumchlorid, fortrinsvis
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aluminiumchlorid, bortrifluorid-diethyletheratoplasningen med en koncentration pa
47%, zinkbromid eller lithiumchlorid og optimalt aluminiumchloriden; den uorga-
niske base er natriumbicarbonat, natriumcarbonat, natriumhydroxid, kalium-
hydroxid, kaliumcarbonat eller kaliumbicarbonat, fortrinsvis natriumbicarbonat,
natriumcarbonat, kaliumcarbonat eller kaliumbicarbonat, optimalt natrium-
carbonat;

forholdet mellem anvendelsesmaengden af forbindelsen 2 og den af acetone er
1:5 1il 15, fortrinsvis 1:5 til 10; molforholdet mellem forbindelsen 2 og Lewis-syren
er 1:0,1 til 0,8, fortrinsvis 1:0,1 til 0,6; forholdet mellem anvendelsesmaengden af
forbindelsen 2 og den af den uorganiske base er 1:0,5 til 2,5, fortrinsvis 1:0,5 til
1,5;

i trin 3 er det polaere oplasningsmiddel fortrinsvis tetrahydrofuran, methanol eller
ethanol, fortrinsvis tetrahydrofuran eller methanol, optimalt methanol; oplgsnings-
reagensen er L-a-phenylethylamin eller L-a-amphetamin, fortrinsvis L-a-phenyl-
ethylamin; den alkaliske oplasning er en methanoloplgsning af natriummethoxid
med en koncentration pa 29%, en vandig kaliumhydroxidoplesning med en
koncentration pa 20% eller en vandig natriumhydroxidoplgsning med en
koncentration pa 20%, fortrinsvis methanoloplasningen af natriummethoxid med
en koncentration pa 29% eller den vandige kaliumhydroxidoplgsning med en
koncentration pa 20%, optimalt methanoloplgsningen af natriummethoxid med en
koncentration pa 29%; forholdet mellem anvendelsesmaengden af forbindelsen 3
og den af det poleere oplgsningsmiddel er 1 ¢/3 til 8 ml, fortrinsvis 1 g/4 til 8 ml;
molforholdet mellem forbindelsen 3 og rent vand er 1:0,5 til 1,8, fortrinsvis 1:0,5 til
1,5; molforholdet mellem forbindelsen 3 og den alkaliske substans i den alkaliske
oplesning er 1:0,5 til 1,8, fortrinsvis 1:0,5 til 1,5; forholdet mellem anvendelses-
maengden af forbindelsen 3 og den af det polaere oplgsningsmiddel til oplgsning
af filterkagen er 1 ¢/3 til 8 ml, fortrinsvis 1 @/3 til 7 ml; molforholdet mellem
forbindelsen 3 og oplesningsreagensen er 1:1 til 4, fortrinsvis 1:1 til 3;

i trin 4 er etheroplosningsmidlet fortrinsvis tetrahydrofuran, 2-methyltetra-
hydrofuran, methyl-tert-butylether, 1,4-dioxan eller ether, fortrinsvis tetra-
hydrofuran, 2-methyltetrahydrofuran, methyl-tert-butylether eller 1,4-dioxan,
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optimalt 2-methyltetrahydrofuran eller 1,4-dioxan; den uorganiske syre er svovl-
syre, saltsyre eller fosforsyre, fortrinsvis svovisyre eller saltsyre, optimalt
svovlsyre; forholdet mellem anvendelsesmaengden af forbindelsen 4 og den af
etheroplasningsmidlet er 1 g/3 til 8 ml, fortrinsvis 1 g/3 til 6 ml; og molforholdet
mellem forbindelsen 4 og N,N-diisopropylethylamin er 1:0,8 til 2,5, fortrinsvis 1:0,8
til 2;

i trin 5 er etheroplgsningsmidlet fortrinsvis tetrahydrofuran, 2-methyltetra-
hydrofuran, methyl-tert-butylether, 1,4-dioxan eller ether, fortrinsvis tetra-
hydrofuran, 2-methyltetrahydrofuran eller methyl-tert-butylether, optimalt tetra-
hydrofuran eller 2-methyltetrahydrofuran; chloroformiatet er methylchloroformiat,
ethylchloroformiat eller propylchloroformiat, fortrinsvis methylchloroformiat eller
ethylchloroformiat, optimalt ethylchloroformiat; den alkaliske reagens er triethyl-
amin, natriumcarbonat, kaliumcarbonat, natriumbicarbonat, kaliumbicarbonat,
natriumhydroxid eller kaliumhydroxid, fortrinsvis triethylamin, natriumcarbonat,
kaliumcarbonat, natriumhydroxid eller kaliumhydroxid, optimalt triethylamin;
forholdet mellem anvendelsesmaengden af forbindelsen 5 og den af etheroplos-
ningsmidlet er 1 g/6 til 12 ml, fortrinsvis 1 ¢/8 til 12 ml; molforholdet mellem
forbindelsen 5 og N,N-diisopropylethylamin er 1:1,5 til 4, fortrinsvis 1:2 til 4;
molforholdet mellem forbindelsen 5 og chloroformiatet er 1:1 til 2,5, fortrinsvis 1:1
til 2; og molforholdet mellem forbindelsen 5 og hydrogenchlorid er 1:1,5 til 4,5,
fortrinsvis 1:2 til 4;

i trin 6 er det poleere oplasningsmiddel fortrinsvis acetonitril, methanol, ethanol,
acetone eller tetrahydrofuran, fortrinsvis methanol, ethanol eller acetone, optimalt
acetone; katalysatoren er natriumiodid eller kaliumiodid, fortrinsvis kaliumiodid;
trinitiden er natriumazid eller azidotrimethylsilan, fortrinsvis natriumazid; forholdet
mellem anvendelsesmaengden af forbindelsen 6 og den af det poleere oplgsnings-
middel er 1 g/6 til 12 ml, fortrinsvis 1 g/8 til 12 ml; molforholdet mellem forbindelsen
6 og trinitriden er 1:1 til 3, fortrinsvis 1:1 til 2,5; og molforholdet mellem forbindelsen
6 og katalysatoren er 1:0,05 til 0,6, fortrinsvis 0,1 til 0,5.
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6. Syntetiseringsfremgangsmade ifglge krav 4, kendetegnet ved, at i trin 7 er
etheroplgsningsmidlet tetrahydrofuran, 2-methyltetrahydrofuran, methyl-tert-butyl-
ether, 1,4-dioxan eller ether, fortrinsvis tetrahydrofuran, 2-methyltetrahydrofuran,
methyl-tert-butylether eller 1,4-dioxan, optimalt tetrahydrofuran; syrereagensen er
citronsyre, p-toluensulfonsyre, benzensulfonsyre, myresyre, eddikesyre, saltsyre,
svovisyre eller fosforsyre, fortrinsvis citronsyre, p-toluensulfonsyre, benzen-
sulfonsyre, saltsyre eller svovisyre, optimalt citronsyre eller saltsyre; forholdet
mellem anvendelsesmaengden af forbindelsen 7 og den af etheroplesningsmidlet
er 1 g/5 til 12 ml, fortrinsvis 1 g/6 til 12 ml; molforholdet mellem forbindelsen 7 og
triphenylphosphin er 1:0,6 til 2, fortrinsvis 1:0,8 til 2; forholdet mellem anvendel-
sesmaengden af forbindelsen 7 og den af vand er 1:0,6 til 2, fortrinsvis 1:0,8 til 2;
masseforholdet mellem forbindelsen 7 og 5% palladium pa carbon eller 10%
palladium pa carbon eller Raney-nikkel er 1:0,05 til 0,4, fortrinsvis 1:0,05 til 0,3;
hydrogen indfgres, indtil trykket i systemet er 0,5 til 0,8MPa, fortrinsvis 0,6 til
0,8MPa.

7.  Syntetiseringsfremgangsmade ifalge krav 4, kendetegnet ved, at i trin 8 er
det alkoholholdige oplgsningsmiddel methanol, ethanol, propanol eller iso-
propanol, fortrinsvis methanol, ethanol eller isopropanol, optimalt isopropanol eller
ethanol; katalysatoren er natriumiodid eller kaliumiodid, fortrinsvis natriumiodid;
den alkaliske reagens er triethylamin, diisopropylethylamin, diisopropylamin,
pyridin, natriumbicarbonat, kaliumbicarbonat, natriumcarbonat, kaliumcarbonat
eller caesiumcarbonat, fortrinsvis triethylamin, pyridin, natriumbicarbonat, kalium-
bicarbonat, natriumcarbonat eller kaliumcarbonat, optimalt triethylamin;
bufferoplgsningen er en vandig natriumdihydrogenfosfat-dinatriumhydrogen-
fosfatoplesning, en vandig kaliumdihydrogenfosfat-dikaliumhydrogenfosfatoplos-
ning eller en vandig ammoniumformiat-ammoniakoplesning, fortrinsvis den
vandige natriumdihydrogenfosfat-dinatriumhydrogenfosfatoplesning eller den
vandige kaliumdihydrogenfosfat-dikaliumhydrogenfosfatoplgsning, optimalt den
vandige kaliumdihydrogenfosfat-dikaliumhydrogenfosfatoplasning; forholdet mel-
lem anvendelsesmaengden af forbindelsen 8 og den af det alkoholholdige
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oplasningsmiddel er 1 g/6 til 12 ml, fortrinsvis 1 g/6 til 10 ml; forholdet mellem
anvendelsesmzengden af forbindelsen 8 og den af rent vand er 1 g/1 til 4 ml,
fortrinsvis 1 g/1 til 3 ml; molforholdet mellem forbindelsen 8 og forbindelsen A er
1:1 til 1,4, fortrinsvis 1:1 til 1,2; molforholdet mellem forbindelsen 8 og katalysa-
toren er 1:0,1 til 0,4, fortrinsvis 1:0,1 til 0,3; og molforholdet mellem forbindelsen 8
og den alkaliske reagens er 1:4 til 7, fortrinsvis 1:4 til 6;

i trin 9 er katalysatoren fortrinsvis Raney-nikkel, 5% palladium p& carbon, 10%
palladium pa carbon, platindioxid eller 20% palladium pa carbon, fortrinsvis
Raney-nikkel, 5% palladium pa carbon eller 10% palladium pé& carbon, optimalt
Raney-nikkel; det poleere oplgsningsmiddel er rent vand, methanol eller ethanol,
fortrinsvis rent vand og methanol, optimalt rent vand; den alkaliske oplgsning er
natriumhydroxid, kaliumhydroxid, natriumcarbonat eller kaliumcarbonat, fortrinsvis
natriumhydroxid eller natriumcarbonat, optimalt natriumhydroxid; forholdet mellem
anvendelsesmaengden af forbindelsen 9 og den af det poleere oplgsningsmiddel
er 1 9/25 til 45 ml, fortrinsvis 1 g/30 til 40 ml, og masseforholdet mellem forbindel-
sen 9 og katalysatoren er 1:0,05 til 0,5, fortrinsvis 1:0,1 til 0,4;

i trin 10 er katalysatoren fortrinsvis Raney-nikkel, 5% palladium pa carbon, 10%
palladium pa carbon, platindioxid eller 20% palladium pa carbon, fortrinsvis
Raney-nikkel, platindioxid eller 20% palladium pa carbon, optimalt 20% palladium
pa carbon; det alkoholholdige oplgsningsmiddel er methanol, ethanol, isopropanol
eller n-butanol, fortrinsvis methanol, ethanol eller isopropanol, optimalt methanol;
ketonoplgsningsmidlet er acetone eller butanon, fortrinsvis acetone; masse-
forholdet mellem forbindelsen 10 og katalysatoren er 1:0,05 til 0,5, fortrinsvis 1:0,1
til 0,4; molforholdet mellem forbindelsen 10 og saltsyre er 1:4 til 9, fortrinsvis 1:5
til 8; og forholdet mellem anvendelsesmangden af forbindelsen 10 og den af det
alkoholholdige oplgsningsmiddel eller ketonoplgsningsmidlet er 1 g/5 til 20 ml,

fortrinsvis 1 g/10 til 20 ml.

8. Fremgangsméade til fremstilling af (3S,4S)-1-amino-3,4-dihydroxy-2-penta-

non, kendetegnet ved, at den omfatter fglgende trin:
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trin 1: at anvende en forbindelse 5 med formlen
j?
) "»,;):\'8

som et ramateriale til at syntetisere en forbindelse 6 med formlen

HO

0
b
N ”K\@

trin 2: at reagere forbindelsen 6 med formlen

hydrogenering for at opna en forbindelse 8 med formlen

o ~
HN {,;‘\

OH R

Fremgangsmade ifglge krav 8, kendetegnet ved, at den omfatter falgende

trin 1: at tilseette forbindelsen 5 og N,N-diisopropylethylamin i neerveer af et
etheroplgsningsmiddel, at saenke temperaturen til -30°C til 0°C, at tilszette
et chloroformiat, at reagere i 1 til 2 timer, mens temperaturen opretholdes,
at indfere en diazomethangas i 1 til 2 timer, at tilseette en hydrochlorid-
ethanoloplosning, at reagere i 1 til 2 timer, at tilsaette en alkalisk reagens
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for at regulere pH-veaerdien til 7 til 9, at gennemfare ekstraktion, veeske-

separation og koncentration for at opna forbindelsen 6 med formlen

trin 2: at tilseette forbindelsen 6, en trinitrid og en katalysator i neerveer af et
polaert oplasningsmiddel, at reagere systemet ved 15°C til 40°C i 20 til 30
timer, mens temperaturen opretholdes, derefter at gennemfare filtrering og

koncentration for at opna en oplasning forbindelsen 7 med formlen

9 s
Ny, A

o

der anvendes direkte i det naeste trin;

trin 3: at tilseette triphenylphosphin og vand eller palladium pa carbon og
hydrogen eller Raney-nikkel og hydrogen i neerveer af et etheroplgsnings-
middel, at regulere systemets pH til 1 til 4 med en syrereagens, at tilsaette
en oplgsning af forbindelsen 7, at opretholde temperaturen ved 10°C il
30°C, at reagere i 5 til 10 timer, at gennemfore vakuumfiltrering og kon-
centration for at opna et filtrat, der indeholder forbindelsen 8 med formlen

Q N
HzN\)i“!..ri

OH}C-i)

som anvendes direkte i det naeste trin, eller et faststof separeres til

anvendelse i det naeste trin.

10. Fremgangsmade ifglge krav 9, kendetegnet ved, at i trin 1 er forholdet
mellem anvendelsesmaengden af forbindelsen 5 og den af etheroplgsningsmidlet
1 g/5 til 15 ml; molforholdet mellem forbindelsen 5 og N,N-diisopropylethylamin er
1:1 til 5; molforholdet mellem forbindelsen 5 og chloroformiatet er 1:1 til 3; og

molforholdet mellem forbindelsen 5 og hydrogenchlorid er 1:1 til 5.

11. Fremgangsméde ifelge krav 10, kendetegnet ved, at i trin 1 er etheroplgs-
ningsmidlet tetrahydrofuran, 2-methyltetrahydrofuran, methyl-tert-butylether, 1,4-
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dioxan eller ether; chloroformiatet er methylchloroformiat, ethylchloroformiat eller
propylchloroformiat; den alkaliske reagens er triethylamin, natriumcarbonat,
kaliumcarbonat, natriumbicarbonat, kaliumbicarbonat, natriumhydroxid eller
kaliumhydroxid; forholdet mellem anvendelsesmaengden af forbindelsen 5 og den
af etheroplgsningsmidlet er 1 g/6 til 12 ml, fortrinsvis 1 g/8 til 12 ml; molforholdet
mellem forbindelsen 5 og N,N-diisopropylethylamin er 1:1,5 til 4, fortrinsvis 1:2 til
4; molforholdet mellem forbindelsen 5 og chloroformiatet er 1:1 til 2,5, fortrinsvis
1:1 til 2; og molforholdet mellem forbindelsen 5 og hydrogenchlorid er 1:1,5 til 4,5,
fortrinsvis 1:2 til 4.

12. Fremgangsmade ifolge krav 9, kendetegnet ved, at i trin 2 er forholdet
mellem anvendelsesmeengden af forbindelsen 6 og den af det poleere oplos-
ningsmiddel 1 g/5 til 15 ml; molforholdet mellem forbindelsen 6 og trinitriden er 1:1

til 4; og molforholdet mellem forbindelsen 6 og katalysatoren er 1:0,05 til 0,8.

13. Fremgangsmade ifolge krav 12, kendetegnet ved, at det poleere oplos-
ningsmiddel er acetonitril, methanol, ethanol, acetone eller tetrahydrofuran;
katalysatoren er natriumiodid eller kaliumiodid; trinitriden er natriumazid eller
azidotrimethylsilan; forholdet mellem anvendelsesmaengden af forbindelsen 6 og
den af de poleere oplgsningsmiddel er 1 ¢/6 til 12 ml, fortrinsvis 1 g/8 til 12 ml;
molforholdet mellem forbindelsen 6 og trinitriden er 1:1 til 3, fortrinsvis 1:1 til 2,5;
og molforholdet mellem forbindelsen 6 og katalysatoren er 1:0,05 til 0,6, fortrinsvis
0,1 til 0,5.

14. Fremgangsméde ifolge krav 9, kendetegnet ved, at i trin 3 er forholdet
mellem anvendelsesmaengden af forbindelsen 7 og den af etheroplesningsmidlet
1 @/5 til 15 ml; molforholdet mellem forbindelsen 7 og triphenylphosphin er 1:0,1 til
3; forholdet mellem anvendelsesmaengden af forbindelsen 7 og den af vand er
1:0,1 til 3; masseforholdet mellem forbindelsen 7 og 5% palladium pé& carbon eller
10% palladium pa carbon eller Raney-nikkel er 1:0,05 til 0,6; at indfere hydrogen,
indtil trykket i systemet er 0,4 til 0,9MPa.
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15. Fremgangsmade ifalge krav 14, kendetegnet ved, at etheroplgsningsmidiet
er tetrahydrofuran, 2-methyltetrahydrofuran, methyl-tert-butylether, 1,4-dioxan
eller ether; syrereagensen er citronsyre, p-toluensulfonsyre, benzensulfonsyre,
myresyre, eddikesyre, saltsyre, svovisyre eller fosforsyre; forholdet mellem
anvendelsesmaengden af forbindelsen 7 og den af etheroplasningsmidlet er 1 g/5
til 12 ml, fortrinsvis 1 g/6 til 12 ml; molforholdet mellem forbindelsen 7 og
triphenylphosphin is 1:0,6 til 2, fortrinsvis 1:0,8 til 2; forholdet mellem
anvendelsesmazngden af forbindelsen 7 og den af vand er 1:0,6 til 2, fortrinsvis
1:0,8 til 2; masseforholdet mellem forbindelsen 7 og 5% palladium pa carbon eller
10% palladium pa carbon eller Raney-nikkel er 1:0,05 til 0,4, fortrinsvis 1:0,05 til
0,3; at indfere hydrogen, indtil trykket i systemet er 0,5 til 0,8MPa, fortrinsvis 0,6
til 0,8MPa.



DK/EP 2837629 T3

DRAWINGS

o . o . -
oA e, O T
. . ! O OK\O I/\OH
5 6 \6 7 \ﬁ 8 OH
o}
H)"i i N 4 0 OH oy O
. N2
)J‘m NTNel o HNTY Nz O HN /E[Nj)\/ e “(E)]@!}?/
—— ) X . )L N OH HZN/(,;}N N7 ©
Y N“NTN 2HCI
O OH H H
9 10 11



	BIBLIOGRAPHY

