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METHOD FOR PREPARING PRANOPROFEN
AND COMPOSITION COMPRISING
PRANOPROFEN AND IMPURITY

TECHNICAL FIELD

[0001] The present invention belongs to the field of medi-
cine, and relates to a method for preparing pranoprofen. The
present invention also relates to a composition containing
pranoprofen and impurities, a quality control method, an
intermediate compound for synthesizing pranoprofen and a
preparation method thereof. The intermediate compound is
selected from the group consisting of a compound repre-
sented by Formula I or pharmaceutically acceptable salt or
ester thereof, a compound represented by Formula II or
pharmaceutically acceptable salt or ester thereof, a com-
pound represented by Formula III or pharmaceutically
acceptable salt or ester thereof, and a compound represented
by Formula IV or pharmaceutically acceptable salt or ester
thereof.

BACKGROUND ART

[0002] Pranoprofen is a propionic acid-type non-steroidal
anti-inflammatory analgesic drug developed and listed by
Yoshitomiyakuhin Corporation in 1981; and later, it was
developed by Senju Pharmaceutical Co., Ltd. to form eye
drops and listed with trade name Pranopulin in Japan in
1988, which is used for symptomatic treatment of outer eye
and anterior eye inflammation (blepharitis, conjunctivitis,
keratitis, scleritis, superficial scleritis, iridocyclitis, postop-
erative inflammation). Pranoprofen belongs to propionic
acid-type non-steroidal anti-inflammatory drugs, and has
chemical name: (2RS)-2-(10-hydrogen-9-oxa-1-aza-anthra-
cen-6-yl)propionic acid, and CAS registration number:
52549-17-4. Its effect is stronger than that of aspirin, indo-
methacin, and ibuprofen. Its action mechanism is to inhibit
the activity of cyclooxygenase, block the synthesis of
eicosatetraene acid derivatives, and reduce the synthesis of
prostaglandins, thereby blocking the function of inflamma-
tory mediators to exert medicinal effect.

[0003] The structural Formula of pranoprofen is repre-
sented by Formula O below:

Formula 0

[0004] There are many reports about the synthesis of
pranoprofen, and the main difference thereof lies in that
different methods are used to establish its side chain, which
are specifically listed as follows:

[0005] Route 1: It is based on the idea of rearrangement.
There is a document (Bull. Chem. Soc. Jpn. 1987, 60,
4015-4018) that reports a method for preparing 2-aryl pro-
pionic acid by rearrangement of 2-hydroxy-propylketal and
sulfonyl chloride. By referring to Japanese patents
(JP4288080, JP4288081), Jin Qingrong et al. reported in
“Synthetic Research Improvement of Pranoprofen” (Fine
Chemical Intermediates, 2009, 39 (3), 37-39) that 2-chlo-
ronicotinic acid and phenol were used as raw materials,

Oct. 17,2024

underwent nucleophilic substitution and PPA cyclization
reaction to obtain SH-[1]-benzopyran|2,3-b]pyridin-5-one,
and then underwent potassium borohydride reduction and
acidic hydrolysis to obtain SH-[1]-benzopyran|[2,3-b]pyri-
dine, and then underwent acylation reaction with 2-chloro-
propionyl chloride to obtain the key intermediate 6-(2-
chloropropionyl)-10H-9-oxa-1-azanthene. It reacted with
sodium methoxide to get hydroxy ketal, then underwent
sulfonylation of hydroxy using sulfonyl chloride, rearrange-
ment and hydrolysis to get pranoprofen.

O

COOH
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N 0
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[0006] The disadvantage of Route 1 is that polyphosphoric
acid (PPA) is used in the production process, and a large
amount of phosphorus-containing wastewater would be pro-
duced in the post-treatment process, which is not conducive
to environmental protection; 2-chloropropionyl chloride and
sulfuryl chloride are also used in the process, and the odor
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is highly irritating, which is not conducive to the labor
protection of production personnel; the rearrangement reac-
tion is placed at the end, making it difficult to purify related
substances and inconvenient for quality control of finished
product.

[0007] Route 2: It is based on the idea of using side chain
“2+1”, using cyanide as carbon source to introduce car-
boxyl, and using cyanide to extend carbon chain. In the
route, 2-chloronicotinic acid and p-ethylphenol are used as
raw materials, undergoes nucleophilic substitution and Frie-
del-Crafts ring closure to obtain 7-ethyl-5H-[1]-benzopy-
rano[2,3-b]pyridin-5-one, undergoes halogenation reaction
and reduction reaction to obtain c-halo-5H-[1]-benzopyran
[2,3-b]pyridine-7-ethane, and then undergoes carbon chain
extension using cyanide to obtain a-methyl-5H-[1]-benzo-
pyran|[2,3-b]pyridine-7-acetonitrile, and finally undergoes
cyano hydrolysis to obtain pranoprofen.

COOH

[i /O/\ Fnedel -

Halogenation

® o
/

Cyaniding
I —
| KCN/NaCN
Z
N O
Hydrolysis
| \ CN —»
P
N O

[0008] The disadvantage of Route 2 is that the highly toxic
reagent cyanide is used in the production, which increases
safety risks and is not conducive to labor protection.

[0009] Route 3: It is based on the idea of using side chain
“2+1”, using CO, as carbon source to introduce carboxyl,
and using CO, to extend carbon chain. In the route, 2-chlo-
ronicotinic acid and p-ethylphenol are used as raw materials,
undergoes nucleophilic substitution and Friedel-Crafts ring

Oct. 17,2024

closure to obtain 7-ethyl-SH-[1]-benzopyrano[2,3-b]pyri-
din-5-one, undergoes halogenation reaction and reduction
reaction to obtain a-halo-5H-[1]-benzopyran|[2,3-b|pyri-
dine-7-ethane, and this halogenated hydrocarbon reacts with
magnesium to form Grignard reagent, then is fed with
carbon dioxide, and undergoes hydrolysis under acidic con-
ditions to obtain pranoprofen.

O -

COOH

Ei /@A Fnedel -
[m/\ Halogenatlon

\ —

ffﬁ

[0010] The disadvantage of Route 3 is that the reaction
requires high conditions, that are, Grignard reaction is
required, and cryogenic conditions at —80° C. are required,
the conditions are relatively harsh, and it is not conducive to
industrial production.

[0011] Route 4: It is based on the idea of using side chain
“2+1”, using iodomethane as carbon source to introduce
methyl. By using 2-chloronicotinic acid and p-hydroxyphe-
nylacetonitrile or methyl 4-hydroxyphenylacetate as starting
materials, 7-R-5H-[1]-benzopyrano [2,3-b]pyridin-5-one
(R—COOMe, CN) is obtained through substitution reaction
and Friedel-Crafts ring closure reaction. Then, reduction
with sodium borohydride and hydrolysis with isopropanol
hydrochloride are performed to obtain 7-R-5H-[1]-benzo-
pyrano[2,3-b]pyridine (R—COOMe, CN). By using
iodomethane, a methyl is introduced at the a position, and
then hydrolysis of cyano or ester group is performed to
obtain pranoprofen.
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[0012] The disadvantage of Route 4 is that when
iodomethane is used to introduce methyl, the reaction selec-
tivity is poor, and the purification of dimethylated impurities
is difficult, which is not conducive to product quality. And
since iodomethane is a highly toxic reagent, it is not con-
ducive to production and the health of researchers.

[0013] Route 5: It is based on using side chain “1+1+1” to
build the three-carbons side chain. In the route, 2-chloroni-
cotinic acid and phenol are used as raw materials, undergoes
nucleophilic substitution and phosphorus oxychloride-cata-
lyzed Friedel-Crafts reaction for ring closure to obtain
SH-[1]-benzopyrano[2,3-b|pyridin-5-one, and then under-
goes reduction with Na—Hg/ethanol and hydrolysis with
isopropanol hydrochloride to construct the tricyclic parent
SH-[1]-benzopyrano[2,3-b|pyridine. Then, the first carbon is
introduced by chloromethylation, the second carbon is intro-
duced by cyanation, and finally the third carbon is intro-
duced by iodomethane to obtain methyl a-methyl-SH-[1]-

benzopyrano[2,3-b|pyridine-7-acetate, which is finally
hydrolyzed to obtain pranoprofen.
COOH
AN
n -
N/ Cl HO
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-contlnued
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0\ C,H0H, HCl

[0014] The disadvantage of Route 5 is that the reaction
steps are lengthy, which has effects on labor, energy con-
sumption and yield. In addition, highly toxic reagents such
as phosphorus oxychloride, cyanide, and iodomethane are
used in the production, which increases safety risks and is
not conducive to the health of production personnel and
researchers; and the introduction of iodomethane also easily
produces dimethylated impurities, which are difficult to be
separated and removed, thereby affecting product quality.
[0015] In addition, with regard to stability and impurities,
the Japanese Pharmacopoeia stipulates that the total impu-
rities should not exceed 1.0%, and single impurity should
not exceed 0.5%, but there is no clear regulation on the
structure of impurities. Pranoprofen is not currently included
in the Chinese Pharmacopoeia, so there is no relevant
regulation.

[0016] Generally speaking, there are a lot of defects of
synthesizing pranoprofen in the prior art, which mainly
concentrate on the following aspects: lengthy synthetic route
and lower total yield; for example, Route 1 has a total yield
ot 23.7%, Route 3 has a total yield of 29.2%, Route 5 has a
total yield of 3.7% (Route 2 and Route 4 utilize many
existing technologies, but their total yields are not cleared
reported); the use of highly toxic chemical reagents that is
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not conducive to ensure personnel safety; harsh reaction
conditions that are not conducive to industrial production,
etc. In terms of impurities and impurity content, there is also
room for improvement. For example, the product will
degrade during the placement process, and impurities will
gradually increase. In addition, if the impurity content of
bulk drug is high, it will affect the quality of eye drop
product. Therefore, it is necessary to improve the purity of
bulk drug and reduce the types and quantities of impurities.
[0017] At present, it is necessary to innovate a synthesis
process of pranoprofen and develop a process technology
that is more suitable for commercial production.

CONTENTS OF THE PRESENT INVENTION

[0018] The inventors have obtained a new method for
preparing pranoprofen through in-depth research and cre-
ative work. The inventors surprisingly found that the method
overcomes the shortcomings of the prior art, shortens the
synthesis route, lowers the requirements for process condi-
tions, simplifies the process operation, improves labor
safety, is more suitable for industrial production, is more
environmentally friendly, and has a higher yield.

[0019] Therefore, the following invention is provided:
@
[0020] One aspect of the present invention relates to a

compound represented by Formula I or pharmaceutically
acceptable salt or ester thereof,

Formula I

[0021] wherein, R is C,-C,, straight chain or branched
chain alkyl, preferably, R is C,-C;4 straight chain or
branched chain alkyl, more preferably, R is C,-C,
straight chain or branched chain alkyl, such as ethyl,
propyl, isopropyl or n-butyl.

[0022] Another aspect of the present invention relates to a
method for preparing a compound represented by Formula I,
comprising a step of reacting a compound represented by
Formula A with a compound represented by Formula B to
generate the compound represented by Formula I:

(¢]
COOH
X
| : -
=z
N X
Formula A HO
Formula B
(¢]
COOH
AN R
/
N O
Formula I
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[0023] wherein,

[0024] X is halogen, such as fluorine, chlorine, bromine
or iodine, preferably chlorine or bromine;

[0025] R is C,-C,, straight chain or branched chain
alkyl, preferably, R is C,-C straight chain or branched
chain alkyl, more preferably, R is C,-C, straight chain
or branched chain alkyl, such as ethyl, propyl, isopro-
py! or n-butyl.

[0026] The structural formulas of Formula A compound
and Formula B compound are as follows respectively:

Formula A
COOH
$
=
N X
[0027] wherein,
[0028] X is halogen such as fluorine, chlorine, bromine

or iodine, preferably chlorine or bromine.

Formula B

HO

[0029] wherein, R is C,-C,, straight chain or branched
chain alkyl, preferably, R is C,-C straight chain or
branched chain alkyl, more preferably, R is C,-C,
straight chain or branched chain alkyl, such as ethyl,
propyl, isopropyl or n-butyl.

[0030] In some embodiments of the present invention, in
the method for preparing the compound represented by
Formula I, the compound represented by Formula A (2-ha-
logenated nicotinic acid) is selected from 2-chloronicotinic
acid, 2-bromonicotinic acid and 2-iodonicotinic acid; pref-
erably 2-chloronicotinic acid or 2-bromonicotinic acid.
[0031] In some embodiments of the present invention, in
the method for preparing the compound represented by
Formula I, the compound represented by Formula B (4-hy-
droxyphenyl ketone compound) is selected from 4-hydroxy-
propiophenone, 4-hydroxybutyrophenone and 4-hydroxy-
phenyl pentyl ketone.

[0032] In some embodiments of the present invention, in
the method for preparing the compound represented by
Formula I, the reaction system temperature is 60° C. to 150°
C., preferably 80° C. to 120° C., more preferably 95° C. to
120° C., 95° C. to 110° C., 105° C. to 120° C., 105° C. to
115° C., 110° C. to 120° C., 95° C. to 105° C., 105° C. to
110° C., 95° C,, 100° C., 105° C., 110° C., 115° C. or 120°
C.

[0033] In some embodiments of the present invention, in
the method for preparing the compound represented by
Formula I, the reaction time is at least 1 hour, at least 2
hours, at least 3 hours, at least 4 hours, at least 5 hours, 1 to
10 hours, 2 to 8 hours, 3 to 7 hours, 4 to 6 hours, 1 hour, 2
hours, 3 hours, 4 hours, 5 hours, 6 hours, 7 hours, 8 hours,
9 hours or 10 hours.
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[0034] In some embodiments of the present invention, in
the method for preparing the compound represented by
Formula I, the compound represented by Formula A and the
compound represented by Formula B react in an organic
solvent as a reaction solvent, preferably, the organic solvent
is N,N-dimethylformamide or dimethylsulfoxide; more
preferably, the organic solvent is N,N-dimethylformamide.
[0035] In some embodiments of the present invention, in
the method for preparing the compound represented by
Formula I, the compound represented by Formula A and the
compound represented by Formula B react under the action
of a catalyst, preferably, the catalyst is cuprous iodide.
[0036] In some embodiments of the present invention, in
the method for preparing the compound represented by
Formula I, the reaction system further comprises an acid-
binding agent, such as potassium carbonate, sodium carbon-
ate, potassium bicarbonate or sodium bicarbonate.

[0037] In some embodiments of the present invention, in
the method for preparing the compound represented by
Formula 1, according to the calculation of molar ratio, the
compound represented by Formula A: the compound repre-
sented by Formula B: the catalyst: the acid-binding agent is
1:(1 to 5):(0.05 to 1):(1 to 4), preferably 1:(1 to 3):(0.05 to
0.1):(1 to 2).

[0038] In some embodiments of the present invention, the
method for preparing the compound represented by Formula
1 further comprises a step of isolating the compound repre-
sented by Formula I from the reaction system, preferably,
comprises the following steps:

[0039] the reaction system is cooled (e.g., to 50° C. or
lower), and added with water, acidified to pH 3-4, the
precipitated solid is collected, added with water to
disperse, adjusted to have pH 7-7.5, the solid is filtered
out, and the filtrate is acidified to pH 3-4, the precipi-
tated solid is collected, washed with water and dried to
obtain the compound represented by Formula I.

[0040] Without being limited by theory, the compound
represented by Formula I may not be isolated, and directly
and continuously undergo the reaction to prepare the com-
pound represented by Formula II, but it is not a preferred
scheme, because if there is no separation and purification
process, the unreacted starting material of the compound
represented by Formula I will also participate in the second
step reaction (the reaction for preparing the compound
represented by Formula II), which will consume additional
IBD in the second step, and will also produce new impuri-
ties, reducing the purity of the product and increasing the
difficulty of post-processing and purification.

[0041] In some embodiments of the present invention, the
method for preparing the compound represented by Formula
1 comprises the following steps:

[0042] 2-halogenated nicotinic acid (compound repre-
sented by Formula A), cuprous iodide and reaction
solvent are added into a reaction vessel, controlled at a
temperature of 60° C. to 150° C., added with an
acid-binding agent and 4-hydroxyphenyl ketone com-
pound (compound represented by Formula B), con-
trolled at a temperature of 60° C. to 150° C., and
reacted for 2-8 hours;

[0043] after cooling down, water is added, acidification
is carried out to pH 3-4, the precipitated solid is
collected, added with water to disperse, adjusted to pH
7-7.5 with sodium bicarbonate, the solid is filter out, the
filtrate is acidified to pH 3-4, the precipitated solid is
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collected, washed with water and dried to obtain an

intermediate 2-[4-(1-oxoalkyl)phenoxy|-3-pyridinecar-

boxylic acid (compound represented by Formula I).
[0044] In some embodiments of the present invention, in
the method for preparing the compound represented by
Formula I, the compound represented by Formula I has a
yield greater than or equal to 50%, greater than or equal to
60%, greater than or equal to 70%, greater than or equal to
75%, 50% to 80%, 50% to 75%, 50% to 70%, 50% to 60%,
60% to 80%, 60% to 75%, 60% to 70%, 70% to 80%, 70%
to 75%, 75% to 80%, or 75% to 85%.
[0045] Another aspect of the present invention relates to a
use of the compound represented by Formula I or pharma-
ceutically acceptable salt or ester thereof in the manufacture
of pranoprofen or a pharmaceutically acceptable salt or ester
of pranoprofen. Preferably, the compound represented by
Formula I is prepared by the method for preparing the
compound represented by Formula I according to any one of
items of the present invention.
[0046] The compound represented by Formula I also has
other uses, for example, it can be used as an intermediate to
synthesize other several compounds, such as

or

etc., wherein R is independently C,-C,, straight chain or
branched chain alkyl, preferably, R is C,-C straight chain or
branched chain alkyl, more preferably, R is C,-C, straight
chain or branched chain alkyl, such as ethyl, propyl, iso-
propyl or n-butyl.

an

[0047] One aspect of the present invention relates to a
compound represented by Formula II, or a pharmaceutically
acceptable salt or ester thereof,

COOH 0
AN ~ R
= (6]
N O

Formula IT
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[0048] wherein, R, is C,-C, straight chain or branched
chain alkyl, preferably, R, is C,-C; straight chain or
branched chain alkyl, more preferably, R, is C,-C;
straight chain or branched chain alkyl, such as methyl,
ethyl, propyl or isopropyl.

[0049] Another aspect of the present invention relates to a
method for preparing a compound represented by Formula
11, comprising a step of reacting a compound represented by
Formula I with a compound represented by Formula C and
a compound represented by Formula D to generate a com-
pound represented by Formula II:

O
COOH
A R +
Z
N (0]
Formula I
>:O
OCH;
0, /
\I + HC\—OCH3 -
/ OCH;
(@]
Formula D
(@)
Formula C
COOH 0
| \ \Rl +
= (@]
N (@]
Formula IT
@—1 + AcOH + AcOCH; + HCOOCH;
[0050] wherein,
[0051] R is C,-C,, straight chain or branched chain

alkyl, preferably, R is C,-C straight chain or branched
chain alkyl, more preferably, R is C,-C, straight chain
or branched chain alkyl, such as ethyl, propyl, isopro-
pyl or n-butyl;

[0052] R, is C,-C,, straight chain or branched chain
alkyl, preferably, R, is C,-C; straight chain or branched
chain alkyl, more preferably, R, is C,-C; straight chain
or branched chain alkyl, such as methyl, ethyl, propyl
or isopropyl;

[0053]

[0054] In some embodiments of the present invention, in
the method for preparing the compound represented by
Formula II, the compound represented by Formula I is
preferably  2-[4-(1-oxopropyl)phenoxy]-3-pyridinecarbox-
ylic acid, 2-[4-(1-oxobutyl)phenoxy]-3-pyridinecarboxylic
acid or 2-[4-(1-oxopentyl)phenoxy]-3-pyridinecarboxylic
acid, more preferably 2-[4-(1-oxopropyl)phenoxy]-3-pyri-
dinecarboxylic acid. Preferably, the compound represented
by Formula I is prepared by the method for preparing the
compound represented by Formula I according to any one of
items of the present invention.

preferably, R has one more carbon atom than R ;.
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[0055] In some embodiments of the present invention, the
method for preparing the compound represented by Formula
1I further comprises the following steps:

[0056] the compound represented by Formula I is pre-
pared by the method for preparing the compound
represented by Formula I according to any one of items
of the present invention.

[0057] In some embodiments of the present invention, in
the method for preparing the compound represented by
Formula II, the reaction system temperature is —5° C. to 30°
C., preferably -5° C. to 20° C., more preferably -5° C. to
15°C,-5°C.t0 10°C., -5°C.t0 5° C., 5° C. 10 20° C,, 5°
C.t015°C.,5°C.t0 10° C., 10° C. t0 20° C., 10° C. to 15°
C,15°C.t020°C, -5°C, 5° C, 10° C, 15° C. or 20° C.

[0058] In some embodiments of the present invention, in
the method for preparing the compound represented by
Formula II, the reaction time is at least 0.2 hours, at least 0.4
hours, at least 0.6 hours, at least 0.8 hours, at least 0.9 hours,
at least 1 hour, 0.2 to 2 hours, 0.4 to 1.6 hours, 0.6 to 1.4
hours, 0.8 to 1.2 hours, 0.2 hours, 0.4 hours, 0.6 hours, 0.8
hours, 1 hour, 1.2 hours, 1.4 hours, 1.6 hours, 1.8 hours or
2 hours.

[0059] In some embodiments of the present invention, in
the method for preparing the compound represented by
Formula II, the compound represented by Formula I reacts
with the compound represented by Formula C in an organic
solvent as a reaction solvent, preferably, the organic solvent
is trimethyl orthoformate. Without being limited by theory,
trimethyl orthoformate is not only a reaction solvent, but
also a substrate, participating in the reaction.

[0060] In some embodiments of the present invention, in
the method for preparing the compound represented by
Formula II, the compound represented by Formula I reacts
with the compound represented by Formula C under the
action of a catalyst, preferably, the catalyst is an acid,
preferably, the acid is one or more selected from the group
consisting of concentrated sulfuric acid, hydrochloric acid,
phosphoric acid and acetic acid, preferably concentrated
sulfuric acid.

[0061] In some embodiments of the present invention, in
the method for preparing the compound represented by
Formula II, according to the calculation of molar ratio, the
compound represented by Formula I: iodobenzene diacetate:
acid is 1:(1-3):(1-4), preferably 1:(1-2):(1-3). In some
embodiments of the present invention, the method for pre-
paring the compound represented by Formula II further
comprises a step of isolating the compound represented by
Formula II from the reaction system, preferably, comprises
the following steps:

[0062] an alkaline solution (e.g., sodium bicarbonate
aqueous solution) is added for neutralization, extraction
is carried out with an organic solvent (preferably
dichloromethane), the aqueous phase is retained, acidi-
fied to pH 3-4, the precipitated solid is collected,
washed with water and dried to obtain the compound
represented by Formula II.

[0063] Without being limited by theory, if the compound
represented by Formula II is not isolated, but directly and
continuously undergoes the following reaction to prepare the
compound represented by Formula III, excess trimethyl
orthoformate may participate in the next step reaction,
reducing the yield and generating impurities.
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[0064] In some embodiments of the present invention, the
method for preparing the compound represented by Formula
II comprises the following steps:

[0065] the compound represented by Formula 1 and
triethyl orthoformate are added into a reaction vessel,
slowly added with the acid solution, and the reaction
temperature is controlled at -5° C. to 30° C;

[0066] iodobenzene diacetate is added slowly, and the
reaction temperature is controlled at -5° C. to 30° C.;

[0067] the acid solution is added again slowly, and the
reaction temperature is controlled at -5° C. to 30° C.;

[0068] the reaction is carried out by keeping the tem-
perature for 0.5 to 2 hours, a sodium bicarbonate
aqueous solution is added for neutralization, extraction
is performed with dichloromethane, then the water
phase is retained, acidified to pH 3-4, the precipitated
solid is collected, washed with water and dried to
obtain an intermediate 2-[4-(2-alkoxy-1-methyl-2-0x0-
ethyl)phenoxy|-3-pyridinecarboxylic acid (compound
represented by Formula II).

[0069] Another aspect of the present invention relates to a
use of the compound represented by Formula II or pharma-
ceutically acceptable salt or ester thereof in the manufacture
of pranoprofen or a pharmaceutically acceptable salt or ester
of pranoprofen. Preferably, the compound represented by
Formula II is prepared by the method for preparing the
compound represented by Formula II according to any one
of items of the present invention.

[0070] The compound represented by Formula II also has
other uses, for example, it can be used as an intermediate to
synthesize other several compounds, such as

or

etc., wherein R is independently C,-C,, straight chain or
branched chain alkyl, preferably, R is C,-C straight chain or
branched chain alkyl, more preferably, R is C,-C, straight
chain or branched chain alkyl, such as ethyl, propyl, iso-
propyl or n-butyl.

am)

[0071] One aspect of the present invention relates to a
compound represented by Formula III, or a pharmaceuti-
cally acceptable salt or ester thereof,
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Formula ITT

[0072] wherein, R, is C,-C, , straight chain or branched
chain alkyl, preferably, R, is C,-C; straight chain or
branched chain alkyl, more preferably, R, is C,-C;
straight chain or branched chain alkyl, such as methyl,
ethyl, propyl or isopropyl.

[0073] Another aspect of the present invention relates to a
method for preparing a compound represented by Formula
111, comprising a step of preparing a compound represented
by Formula III from a compound represented by Formula II:

COOH o
\ ~ R —_—
P (0]
N O

Formula II

Formula ITT

[0074] wherein, R, is C,-C, , straight chain or branched
chain alkyl, preferably, R, is C,-C; straight chain or
branched chain alkyl, more preferably, R, is C,-C;
straight chain or branched chain alkyl, such as methyl,
ethyl, propyl or isopropyl.

[0075] The above reaction scheme contains two reactions,
as shown below; the product in the middle square brackets
is not separated; preferably, it is directly fed for subsequent
reaction.

COOH o
AN SR
= O
N O
Formula II
COCl o
~
N R, —_—
Z O
N O
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-continued
O

Formula ITT

[0076] In some embodiments of the present invention, in
the method for preparing the compound represented by
Formula III, the compound represented by Formula II is
preferably 2-[4-(2-methoxy-1-methyl-2-oxoethyl)phe-
noxy|-3-pyridinecarboxylic acid, 2-[4-(2-ethoxy-1-methyl-
2-oxoethyl)phenoxy|-3-pyridinecarboxylic acid or 2-[4-(2-
propoxy-1-methyl-2-oxoethyl)phenoxy]|-3-
pyridinecarboxylic acid; more preferably 2-[4-(2-methoxy-
1-methyl-2-oxoethyl)phenoxy]-3-pyridinecarboxylic  acid.
Preferably, the compound represented by Formula II is
prepared by the method for preparing the compound repre-
sented by Formula II according to any one of items of the
present invention.

[0077] Insome embodiments of the present invention, the
method for preparing the compound represented by Formula
IIT further comprises the following step:

[0078] the compound represented by Formula II is
prepared by the method for preparing the compound
represented by Formula II according to any one of
items of the present invention.

[0079] In some embodiments of the present invention, the
method for preparing the compound represented by Formula
IIT comprises the following steps:

[0080] (1) reacting the compound represented by For-
mula II with an acylating agent to obtain a reaction
product,

[0081] (2) generating the compound represented by
Formula III from the reaction product in step (1) under
the action of a Lewis acid;

[0082] preferably, further comprises the following step:

[0083] (3) isolate the compound represented by For-
mula III; preferably, cooling the reaction product
obtained in step (2) to below 20° C. (e.g., adding cold
water to quench), adjusting pH, and removing the
solvent under reduced pressure to obtain the compound
represented by Formula III.

[0084] In some embodiments of the present invention, in
the method for preparing the compound represented by
Formula II1, the reaction temperature in step (1) is 10° C. to
30° C., preferably 15° C. to 25° C., 15° C. to 20° C. or 20°
C.to 25° C.

[0085] In some embodiments of the present invention, in
the method for preparing the compound represented by
Formula III, the reaction time in step (1) is at least 0.2 hours,
at least 0.4 hours, at least 0.6 hours, at least 0.8 hours, at least
0.9 hours, at least 1 hour, 0.2-2 hours, 0.4-1.6 hours, 0.6-1.4
hours, 0.8-1.2 hours, 0.2 hours, 0.4 hours, 0.6 hours, 0.8
hours, 1 hour, 1.2 hours, 1.4 hours, 1.6 hours, 1.8 hours or
2 hours.

[0086] In some embodiments of the present invention, in
the method for preparing the compound represented by
Formula II1, step (1) further comprises the following step:

[0087] cooling the obtained reaction product to -10° C.
to 0° C.
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[0088] In some embodiments of the present invention, in
the method for preparing the compound represented by
Formula 111, the reaction temperature in step (2) is 10° C. to
30° C., preferably 15° C. to 25° C., 15° C. to 20° C. or 20°
C.to 25° C.
[0089] In some embodiments of the present invention, in
the method for preparing the compound represented by
Formula III, the reaction time in step (2) is at least 0.2 hours,
at least 0.4 hours, at least 0.6 hours, at least 0.8 hours, at least
0.9 hours, at least 1 hour, 0.2 to 2 hours, 0.4 to 1.6 hours, 0.6
to 1.4 hours, 0.8 to 1.2 hours, 1 to 1.5 hours, 0.2 hours, 0.4
hours, 0.6 hours, 0.8 hours, 1 hour, 1.2 hours, 1.4 hours, 1.5
hours, 1.6 hours, 1.8 hours or 2 hours.
[0090] In some embodiments of the present invention, in
the method for preparing the compound represented by
Formula III, the acylating agent is one or more selected from
oxalyl chloride and thionyl chloride.
[0091] In some embodiments of the present invention, in
the method for preparing the compound represented by
Formula III, the Lewis acid is a catalyst; preferably, the
Lewis acid is one or more selected from anhydrous alumi-
num trichloride and titanium tetrachloride, preferably anhy-
drous aluminum trichloride.
[0092] In some embodiments of the present invention, in
the method for preparing the compound represented by
Formula III, the reaction is carried out in an organic solvent
as a reaction solvent, preferably, the organic solvent is
dichloromethane and/or N,N-dimethylformamide. Without
being limited by theory, dichloromethane is the reaction
solvent, and the amount of N,N-dimethylformamide is only
0.1 equivalent, which is more suitable as a catalyst.
[0093] In some embodiments of the present invention, in
the method for preparing the compound represented by
Formula III, the molar ratio of the compound represented by
Formula II to the acylating agent is (1:1) to (1:5), preferably
1:(1.5-3), particularly preferably 1:2.5.
[0094] In some embodiments of the present invention, in
the method for preparing the compound represented by
Formula III, the molar ratio of the compound represented by
Formula II to oxalyl chloride is (1:1) to (1:5), preferably
1:(1.5-3), particularly preferably 1:2.5.
[0095] In some embodiments of the present invention, in
the method for preparing the compound represented by
Formula II1, step (3) comprises the following operations:
[0096] cold water is added to the reaction product of
step (2) to quench the reaction, the organic phase is
separated, adjusted to pH 7-8 (e.g., with sodium car-
bonate solution), and then the organic phase is sepa-
rated; the organic phase is concentrated under reduced
pressure until the distillate is no longer evaporated,
methanol or a mixed solvent of methanol and dichlo-
romethane is added for beating for 3 to 8 hours (pref-
erably 5 to 6 hours), after filtration, the filter residue is
rinsed with methanol and dried to obtain the compound
represented by Formula III. In some embodiments of
the present invention, the volume ratio of methanol to
dichloromethane is 1:(0-0.4), preferably 1:(0.1-0.2).
[0097] Without being limited by theory, the present inven-
tors have found that if the compound represented by For-
mula III is not isolated, it is not possible to prepare the
compound represented by Formula IV by direct and con-
tinuous reaction, because there is a large amount of alumi-
num trichloride in the system when the compound repre-
sented by Formula III is prepared. During the reaction of
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step 4, it will react with methanol, affecting the yield. In
addition, when aluminum trichloride is mixed with potas-
sium borohydride/sodium borohydride, it may further
reduce the methyl ester of the compound represented by
Formula III to generate an alcohol, rather than the compound
represented by Formula IV.

[0098] In some embodiments of the present invention, the
method for preparing the compound represented by Formula
IIT comprises the following steps:

[0099] the compound represented by Formula II,
dichloromethane and N,N-dimethylformamide are
added into a first reaction vessel, mixed and stirred, the
acylating reagent is added at a temperature kept at 15°
C. to 25° C., the reaction is carried out by keeping the
temperature for 0.5 to 2 hours, and cooled down to -10°
C. to 0° C. for standby;

[0100] the Lewis acid and dichloromethane are added
into a second reaction vessel, stirred evenly, the solu-
tion in the first reaction vessel is added at a temperature
kept at 15° C. to 25° C., the reaction is carried out by
keeping the temperature for 1 to 1.5 hours, and cold
water is slowly added at a temperature kept below 20°
C. for quenching;

[0101] the organic phase is retained, adjusted with
sodium carbonate solution to pH 7-8, subjected to
liquid separation, and the organic phase is concentrated
under reduced pressure;

[0102] when the distillate is no longer evaporated, a
mixed solvent of methanol and dichloromethane is
added for beating for 5-6 hours, after filtration, the solid
is rinsed with methanol, and dried to obtain an inter-
mediate 2-(10-ox0-9-oxa-1-aza-anthracen-6-yl)propi-
onate compound (compound of Formula III).

[0103] The inventors have also surprisingly found that
specific impurities were contained in the obtained product,
including the impurities generated by passing the by-prod-
ucts of the compound represented by Formula II and the
compound represented by Formula II, which are named as
Formula III compound-IMP-A;, Formula III compound-
IMP-B, Formula III compound-IMP-C, etc., and their struc-
tures are as follows:

Formula III compound-IMP-A

Formula III compound-IMP-B

\

Ry
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-continued
Formula III compound-IMP-C

[0104] wherein, R, is C,-C, , straight chain or branched
chain alkyl, preferably, R, is C,-C; straight chain or
branched chain alkyl, more preferably, R, is C,-C;
straight chain or branched chain alkyl, such as methyl,
ethyl, propyl or isopropyl.

[0105] The inventor speculates that if these three impuri-

ties are passed in the subsequent reaction, they may be
derivatized into impurities as follows, which are similar to
the structure of pranoprofen:

—_—
Formula ITI compound-IMP-A
e}
OH,
x
F
N O
e}
A
F —_—
N O
O
~ R
¢}
Formula III compound-IMP-B
x
FZ
N O
OH,
¢}
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-continued
—O0

R; =(CHy),.(CH3n=1,2,3...

[0106] Without being limited by theory, since the struc-
tures of these derivatized impurities are very similar to that
of pranoprofen, it is speculated that it is difficult to separate
and remove them from the finished product. Therefore, these
impurities should be removed by refining in advance, and
the limits of these three impurities should be controlled. For
example, it is required that each impurity should not exceed
0.1% of the total mass of the intermediate product (the
maximum amount of impurities produced by the conversion
of these three impurities should not exceed 0.1%), and the
quality of the finished product can be controlled in the
upstream step; so the finished product does not need to be
additionally tested for derivative impurities.

[0107] In some embodiments of the present invention, the
following step is used to remove these impurities by refin-
ing:

[0108] after the solvent dichloromethane is distilled off,
methanol or methanol/dichloromethane mixed solvent
is used for pulp washing (that is, beating). By using an
optimized solvent ratio, the impurities can be con-
trolled at desired levels.

[0109] The inventor has carried out verification with mul-
tiple batches of experimental data, and when these three
impurities are controlled at below 0.1%, the derivatized
impurities of these three impurities are not detected in the
finished product pranoprofen.

[0110] Another aspect of the present invention relates to a
use of the compound represented by Formula III or phar-
maceutically acceptable salt or ester thereof in the manu-
facture of pranoprofen or a pharmaceutically acceptable salt
or ester of pranoprofen. Preferably, the compound repre-
sented by Formula III is prepared by the method for pre-
paring the compound represented by Formula III according
to any one of items of the present invention.

[0111] The compound represented by Formula III also has
other uses, for example, it can be used as an intermediate to
synthesize other several compounds, such as

/

\

10
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-continued

or

etc., wherein R is independently C,-C,, straight chain or
branched chain alkyl, preferably, R is C,-Cy straight chain or
branched chain alkyl, more preferably, R is C,-C, straight
chain or branched chain alkyl, such as ethyl, propyl, iso-
propyl or n-butyl.

1v)

[0112] One aspect of the present invention relates to a
compound represented by Formula IV, or a pharmaceutically
acceptable salt or ester thereof,

Formula IV

[0113] wherein, R, is C,-C, straight chain or branched
chain alkyl, preferably, R, is C,-C; straight chain or
branched chain alkyl, more preferably, R, is C,-C,
straight chain or branched chain alkyl, such as methyl,
ethyl, propyl or isopropyl.

[0114] Another aspect of the present invention relates to a

method for preparing a compound represented by Formula
1V, comprising a step of preparing a compound represented
by Formula IV from a compound represented by Formula
r:

Formula III

Formula IV
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[0115] wherein, R, is C,-C,, straight chain or branched
chain alkyl, preferably, R, is C,-C; straight chain or
branched chain alkyl, more preferably, R, is C,-C;
straight chain or branched chain alkyl, such as methyl,
ethyl, propyl or isopropyl.

[0116] In some embodiments of the present invention, in
the method for preparing the compound represented by
Formula IV, the compound represented by Formula III is
preferably methyl 2-(10-0x0-9-oxa-1-azaanthracen-6-yl)
propionate, ethyl 2-(10-0x0-9-0xa-1-azaanthren-6-yl)propi-
onate or propyl 2-(10-0x0-9-oxa-1-azaanthracen-6-yl) pro-
pionate; more preferably methyl 2-(10-0x0-9-oxa-1-
azaanthracen-6-yl)propionate. Preferably, the compound
represented by Formula III is prepared by the method for
preparing the compound represented by Formula III accord-
ing to any one of items of the present invention.

[0117] In some embodiments of the present invention, the
method for preparing the compound represented by Formula
1V further comprises the following step:

[0118] the compound represented by Formula III is
prepared by the method for preparing the compound
represented by Formula III according to any one of
items of the present invention.

[0119] In some embodiments of the present invention, in
the method for preparing the compound represented by
Formula IV, the compound represented by Formula 1V is
prepared by reacting the compound represented by Formula
IIT with a reducing agent. Preferably, the reducing agent is
borohydride, more preferably sodium borohydride.

[0120] In some embodiments of the present invention, in
the method for preparing the compound represented by
Formula 1V, the reaction temperature is 20° C. to 40° C.,
preferably 30° C. to 40° C., 30° C. to 35° C., or 35° C. to
40° C.

[0121] In some embodiments of the present invention, in
the method for preparing the compound represented by
Formula 1V, the reaction time is at least 1 hour, at least 2
hours, at least 3 hours, at least 4 hours, at least 5 hours, at
least 6 hours, 1 to 100 hours, 2 to 50 hours, 3 to 40 hours,
4 to 30 hours, 5 to 25 hours, 6 to 20 hours, 1 hour, 2 hours,
3 hours, 4 hours, 5 hours, 6 hours, 7 hours, 8 hours, 9 hours,
10 hours, 11 hours, 12 hours, 13 hours, 14 hours, 15 hours,
16 hours, 17 hours, 18 hours, 19 hours or 20 hours.

[0122] In some embodiments of the present invention, in
the method for preparing the compound represented by
Formula IV, the reaction is carried out in an organic solvent
as a reaction solvent, preferably, the organic solvent is
dichloromethane and methanol (mixed solvent). Without
being bound by theory, dichloromethane is the solvent, and
methanol is both the solvent and the substrate to provide the
source of hydrogen. The molar ratio of dichloromethane to
methanol is 1:(2.11-3.16), preferably 1:2.11. In some
embodiments of the present invention, the mass (g) of the
compound represented by Formula III: the volume (mL) of
the mixed solvent is 1:(5-15), preferably 1:(8-10).

[0123] In some embodiments of the present invention, in
the method for preparing the compound represented by
Formula IV, the molar ratio of the compound represented by
Formula III to the reducing agent is (1:0.8) to (1:1.2),
preferably 1:0.9-1.1.

[0124] In some embodiments of the present invention, the
method for preparing the compound represented by Formula
IV further comprises a step of isolating the compound
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represented by Formula IV from the reaction system; pref-
erably, comprises the following steps:

[0125] the reaction product is cooled to -10° C. to 10°
C., and adjusted to pH 5.5-6.5; preferably, a diluted
acid solution (e.g., 30% acetic acid aqueous solution) is
slowly added to pH 5.5-6.5 (not limited by theory, the
function of acid is to quench the excess reducing agent
in the reaction, and the acid can be either diluted
inorganic acid or diluted organic acid); the diluted acid
can be an inorganic acid or organic acid with a con-
centration less than or equal to 30%:;

[0126] agitation is carried out at =10° C. to 10° C. for
5 to 30 minutes (preferably 15 minutes), purified water
is added, the organic phase is collected and washed
with saturated sodium bicarbonate and purified water in
sequence;

0127] the washed organic phase is concentrated to
2 p
dryness under reduced pressure at 40° C. to obtain a
yellow-green oil;

[0128] a crystallization solvent is added and stirred at
20° C. to 40° C. for 5 to 30 minutes (preferably 15
minutes); and

[0129] purified water is slowly added dropwise, the
solid is collected, washed with water, and dried in
vacuum to obtain the compound represented by For-
mula IV.

[0130] In some embodiments of the present invention, in
the method for preparing the compound represented by
Formula IV, preferably, the crystallization solvent can be
selected from the group consisting of methanol aqueous
solution (preferably, methanol:water is 1:2), acetone aque-
ous solution (preferably, acetone:water is 1:2), a mixture of
methanol, acetone and water (preferably, methanol:acetone:
water is 1:1.5:5), preferably a mixture of methanol, acetone
and water (preferably, methanol:acetone:water is 1:1.5:5).
Preferably, the mass (g) of the compound represented by
Formula III: the volume (mL) of the crystallization solvent
is 1:5.

[0131] In some embodiments of the present invention, the
method for preparing the compound represented by Formula
IV comprises the following steps:

[0132] the compound represented by Formula III,
dichloromethane and methanol are added into a reac-
tion vessel, and stirred to dissolve at a temperature of
15° C. 10 30° C.;

[0133] borohydride is slowly added, reacted by keeping
temperature at 20° C. to 40° C. for 6 to 20 hours, cooled
down to -10° C. to 10° C., slowly added dropwise with
30% acetic acid aqueous solution to pH 5.5-6.5, con-
trolled at temperature of —10° C. to 10° C. and stirred
for 5-30 minutes (preferably 15 minutes), and added
with purified water, the organic phase is collected,
washed with saturated sodium bicarbonate, and washed
again with purified water;

[0134] the organic phase is concentrated to dryness
under reduced pressure at 40° C. to obtain a yellow-
green oil;

[0135] a mixed solution of methanol/acetone is added
and stirred at 20° C. to 40° C. to disperse for 15
minutes, purified water is slowed added dropwise to
crystallize for 1 to 5 hours (preferably 2 hours), the
solid is collected, washed with water and dried in
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vacuum to obtain an intermediate 2-(10-hydroxy-9-
oxa-1-azaanthracen-6-yl)propionate compound (com-
pounds of Formula IV).

[0136] Without being bound by theory, the function of
acetic acid is to quench excess sodium borohydride, and the
pH range is controlled to ensure complete quenching.

[0137] Another aspect of the present invention relates to a
use of the compound represented by Formula IV or phar-
maceutically acceptable salt or ester thereof in the manu-
facture of pranoprofen or a pharmaceutically acceptable salt
or ester of pranoprofen. Preferably, the compound repre-
sented by Formula IV is prepared by the method for pre-
paring the compound represented by Formula IV according
to any one of items of the present invention.

[0138] The compound represented by Formula IV also has
other uses, for example, it can be used as an intermediate to
synthesize other several compounds, such as

0
R,
AN
P
N o
R
o
R,
AN
P
N O
R
7
R,
8
=
N o
X
R, or
[
P
N 0
0
R etc,
8
P
N 0

wherein R and R' are each independently C,-C,, straight
chain or branched chain alkyl, preferably, R is C,-C straight
chain or branched chain alkyl, more preferably, R is C,-C,
straight chain or branched chain alkyl, such as ethyl, propyl,
isopropyl or n-butyl; X is halogen, such as fluorine, chlorine,
bromine or iodine.

W)

[0139] Another aspect of the present invention relates to a
method for preparing pranoprofen (compound represented
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by Formula 0) or a pharmaceutically acceptable salt or ester
of pranoprofen, comprising a step of preparing:
[0140] the compound represented by Formula I or phar-
maceutically acceptable salt or ester thereof,
[0141] the compound represented by Formula II or
pharmaceutically acceptable salt or ester thereof,

[0142] the compound represented by Formula III or
pharmaceutically acceptable salt or ester thereof, and/
or

[0143] the compound represented by Formula IV or

pharmaceutically acceptable salt or ester thereof;

[0144] preferably, the compound represented by For-
mula [ is prepared by the method for preparing the
compound represented by Formula I according to any
one of items of the present invention;

[0145] preferably, the compound represented by For-
mula 1II is prepared by the method for preparing the
compound represented by Formula I1I according to any
one of items of the present invention;

[0146] preferably, the compound represented by For-
mula III is prepared by the method for preparing the
compound represented by Formula I1I according to any
one of items of the present invention;

[0147] preferably, the compound represented by For-
mula IV is prepared by the method for preparing the
compound represented by Formula IV according to any
one of items of the present invention.

[0148] In some embodiments of the present invention, in
the method for preparing pranoprofen (compound repre-
sented by Formula 0), the synthetic route is shown as
follows:

(¢]
COOH
AN
| + R —»
=z
N X
HO
(¢]
COOH
® S
P
N (0]
Formula I
R, = (CH,),CH;
n=1,23...
COOH o
~
= R —»
= (0]
N O
Formula IT

Formula ITT
Ry = (CH2)»1CH3
n=1,2,3...
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-continued

Formula IV

Formula V
Ry = (CH2)».1CH3
n=1,23...

Formula 0

[0149] In some embodiments of the present invention, the
method for preparing pranoprofen (compound represented
by Formula 0) comprises the following steps:

[0150] (1) by using 2-halogenated nicotinic acid (com-
pound represented by Formula A) and 4-hydroxyphe-
nyl ketone compound (compound represented by For-
mula B) as starting materials, an intermediate 2-[4-(1-
oxoalkyl)phenoxy|-3-pyridinecarboxylic acid
(compound represented by Formula 1) is prepared by
Ullmann condensation reaction in the presence of
cuprous iodide;

[0151] (2) under the action of acid and iodobenzene
diacetate, an intermediate 2-[4-(2-methoxy-1-methyl-
2-oxoalkyl)phenoxy]-3-pyridinecarboxylic acid (com-
pound represented by Formula II) is prepared by rear-
rangement reaction in trimethyl orthoformate;

[0152] (3) after being halogenated to form acid chlo-
ride, an intermediate 2-(10-0x0-9-oxa-1-azaanthracen-
6-yDpropionate compound (compound represented by
Formula I1I) is prepared by intramolecular ring closure
under the action of a Lewis acid;

[0153] (4) after being reduced with borohydride, an
intermediate  2-(10-hydroxy-9-oxa-1-azaanthracen-6-
yDpropionate compound (compound represented by
Formula 1V) is prepared;

[0154] (5) finally, pranoprofen (compound represented
by Formula 0) is prepared by “one-pot method”
through reduction with isopropanol hydrogen chloride,
hydrolysis with a base and post-treatment acidification.

[0155] The structural formulas of Formula A compound
and Formula B compound are as follows:

Formula A
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[0156] wherein,
[0157] X s halogen, such as fluorine, chlorine, bromine
or iodine, preferably chlorine or bromine.

Formula B

HO

[0158] wherein, R is C,-C,, straight chain or branched
chain alkyl, preferably, R is C,-C straight chain or
branched chain alkyl, more preferably, R is C,-C,
straight chain or branched chain alkyl, such as ethyl,
propyl, isopropyl or n-butyl.

[0159] Another aspect of the present invention relates to a
method for preparing pranoprofen (compound represented
by Formula 0) or a pharmaceutically acceptable salt or ester
of pranoprofen, comprising a step of preparing pranoprofen
from the compound represented by Formula IV:

Formula IV

OH

=
N O

Formula O (pranofen)

[0160] wherein, R, is C,-C,, straight chain or branched
chain alkyl, preferably, R, is C,-C; straight chain or
branched chain alkyl, more preferably, R, is C,-C,
straight chain or branched chain alkyl, such as methyl,
ethyl, propyl or isopropyl.

[0161] In some embodiments of the present invention, the
method for preparing pranoprofen (compound represented
by Formula 0) comprises the following steps:

[0162] (1) first preparing a compound represented by
Formula V from the compound represented by Formula
IV (reduction reaction);

[0163] (2) preparing pranoprofen (compound repre-
sented by Formula 0) from the compound represented
by Formula V (hydrolysis reaction);

Formula V
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[0164] wherein, R, is C,-C, straight chain or branched
chain alkyl, preferably, R, is C,-Cs straight chain or
branched chain alkyl, more preferably, R, is C,-C;
straight chain or branched chain alkyl, such as methyl,
ethyl, propyl or isopropyl.

[0165] In some embodiments of the present invention, in
the method for preparing pranoprofen (compound repre-
sented by Formula 0), the compound represented by For-
mula IV is preferably methyl 2-(10-hydroxyl-9-oxa-1-
azaanthracen-6-yl)propionate, ethyl 2-(10-hydroxy-9-oxa-
1-azaanthracen-6-yl)propionate or propyl 2-(10-hydroxy-9-
oxa-1-azaanthracen-6-yl)propionate;  more  preferably

methyl  2-(10-hydroxy-9-oxa-1-azaanthracen-6-yl)propi-
onate.
[0166] In some embodiments of the present invention, in

the method for preparing pranoprofen (compound repre-
sented by Formula 0), in step (1), the compound represented
by Formula IV is reacted with a reducing agent to prepare
the compound represented by Formula V.

[0167] In some embodiments of the present invention, in
the method for preparing pranoprofen (compound repre-
sented by Formula 0), in step (1), the reducing agent is one
or more selected from isopropanol hydrogen chloride and
isopropanol hydrochloride.

[0168] In some embodiments of the present invention, in
the method for preparing pranoprofen (compound repre-
sented by Formula 0), in step (1), the molar ratio of the
compound represented by Formula IV to the reducing agent
is 1:(1.5-3.5), preferably 1:(2.5-3.5), such as 1:2.5, 1:3 or
1:3.5.

[0169] In some embodiments of the present invention, in
the method for preparing pranoprofen (compound repre-
sented by Formula 0), in step (1), the reaction is carried out
in an organic solvent as a reaction solvent, preferably, the
organic solvent is isopropanol.

[0170] In some embodiments of the present invention, in
the method for preparing pranoprofen (compound repre-
sented by Formula 0), in step (1), the reaction temperature
is 50° C. to 90° C., preferably 60° C. to 80° C., 60° C. to 70°
C., 70° C. to 80° C., or 65° C. to 75° C.

[0171] In some embodiments of the present invention, in
the method for preparing pranoprofen (compound repre-
sented by Formula 0), in step (1), the reaction time is at least
0.5 hours, at least 1 hour, at least 1.5 hours, at least 2 hours,
1 to 10 hours, 2 to 8 hours, 2 to 6 hours, 2 to 4 hours, 2 to
3 hours, 0.5 hours, 1 hour, 1.5 hours, 2 hours, 3 hours, 4
hours, 5 hours, 6 hours, 7 hours, 8 hours, 9 hours or 10 hours.

[0172] In some embodiments of the present invention, in
the method for preparing pranoprofen (compound repre-
sented by Formula 0), in step (2), the compound represented
by Formula V is reacted with a base (hydrolysis reaction) to
prepare pranoprofen (compound represented by Formula 0).

[0173] In some embodiments of the present invention, in
the method for preparing pranoprofen (compound repre-
sented by Formula 0), in step (2), the base is one or more
selected from the group consisting of sodium hydroxide,
potassium hydroxide, lithium hydroxide, sodium carbonate
and potassium carbonate, preferably sodium hydroxide and/
or potassium hydroxide.
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[0174] In some embodiments of the present invention, in
the method for preparing pranoprofen (compound repre-
sented by Formula 0), in step (2), the reaction temperature
is 40° C. to 75° C., preferably 40° C. to 55° C., 40° C. to 50°
C., 45° C.t0 55° C., 40° C. to 45° C., 45° C. 10 50° C,, or
50° C. to 55° C.

[0175] In some embodiments of the present invention, in
the method for preparing pranoprofen (compound repre-
sented by Formula 0), in step (2), the reaction time is at least
0.5 hours, at least 1 hour, at least 1.5 hours, 0.5 to 10 hours,
1 to 8 hours, 1.5 to 6 hours, 1.5 to 4 hours, 1.5 to 3 hours,
1.5 to 2.5 hours, 0.5 hours, 1 hour, 1.5 hours, 2 hours, 2.5
hours, 3 hours, 4 hours, 5 hours, 6 hours, 7 hours, 8 hours,
9 hours or 10 hours.

[0176] In some embodiments of the present invention, the
method for preparing pranoprofen (compound represented
by Formula 0) further comprises a step of isolating prano-
profen (compound represented by Formula 0) from the
reaction system; preferably, comprises the following step
G):
[0177] adding purified water to the reaction system, and
then extracting the aqueous phase with ethyl acetate;

[0178] collecting the aqueous phase and adjusting pH to
2-7 with an acid (preferably, adjusting with 20% diluted
acid solution), and gradually precipitating a solid;

[0179] filtering, rinsing the filter cake successively with
purified water and methanol, and drying in vacuum to
obtain crude pranoprofen (compound represented by
Formula 0); and

[0180] recrystallizing from methanol (preferably,
recrystallizing under refluxing with 8 to 12 volumes of
methanol, such as 10 volumes of methanol) to obtain
refined pranoprofen (compound represented by For-
mula 0).

[0181] In some embodiments of the present invention, in
the method for preparing pranoprofen (compound repre-
sented by Formula 0), in step (3), the pH is preferably 5-7,
more preferably 5.5-6.5, especially preferably 5.8-6.2.

[0182] In some embodiments of the present invention, in
the method for preparing pranoprofen (compound repre-
sented by Formula 0), in step (3), the acid is one or more
selected from the group consisting of acetic acid, phosphoric
acid, hydrochloric acid and sulfuric acid, preferably acetic
acid and/or hydrochloric acid.

[0183] In some embodiments of the present invention, the
method for preparing pranoprofen (compound represented
by Formula 0) does not comprise a step of isolating the
compound represented by Formula V.

[0184] In some embodiments of the present invention, in
the method for preparing pranoprofen (compound repre-
sented by Formula 0), the compound represented by For-
mula IV is preferably methyl 2-(10-hydroxyl-9-oxa-1-
azaanthen-6-yl)propionate, ethyl 2-(10-hydroxy-9-oxa-1-
azaanthracen-6-yl)propionate or propyl 2-(10-hydroxy-9-
oxa-1-azaanthren-6-yl)propionate; more preferably methyl
2-(10-hydroxy-9-oxa-1-azaanthracen-6-yl)propionate.
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[0185] In some embodiments of the present invention, in
the method for preparing pranoprofen (compound repre-
sented by Formula 0), the compound represented by For-
mula IV is prepared by the method for preparing compound
represented by Formula IV according to any one of items of
the present invention.

[0186] In some embodiments of the present invention, the
method for preparing pranoprofen (compound represented
by Formula 0) further comprises the following step:

[0187] the compound represented by Formula IV is
prepared by the method for preparing the compound
represented by Formula IV according to any one of
items of the present invention.

[0188] In some embodiments of the present invention, in
the method for preparing pranoprofen (compound repre-
sented by Formula 0), the molar ratio of the compound
represented by Formula IV to the reducing agent is (1:1) to
(1:5), preferably (1:1) to (1:3) or (1:1.5) to (1:3.5), more
preferably (1:2) to (1:3) or (1:2) to (1:3.5), such as 1:2,1:2.5
or 1:3.

[0189] In some embodiments of the present invention, the
method for preparing pranoprofen (compound represented
by Formula 0) comprises the following steps:

[0190] the compound represented by Formula 1V, the
reducing agent and isopropanol are added into a reac-
tion vessel, stirred and heated to 50° C. to 90° C.,
reacted by keeping the temperature for 2 to 4 hours,
concentrated under reduced pressure at 55° C. to dry-
ness, added with methanol (methanol is used as the
solvent) after being cooled to room temperature, then
added with an alkaline water (or added with an alkaline
water, then added with methanol after being cooled to
room temperature), and reacted by keeping at tempera-
ture of 40° C. to 75° C. for 2 hours;

[0191] purified water is added to the reaction solution,
then the aqueous phase is extracted with ethyl acetate,
the aqueous phase is collected and adjusted to pH 2-7
with 20% diluted acid solution, and a solid is gradually
precipitated;

[0192] after being filtered, the filter cake is rinsed with
purified water and methanol successively;

[0193] the crude product is obtained by vacuum drying,
and refined by methanol recrystallization to obtain the
finished product of pranoprofen (compound repre-
sented by Formula 0).

[0194] In some embodiments of the present invention, the
method for preparing pranoprofen (compound represented
by Formula 0) comprises the process steps of Preparation
Examples 1la, 2c, 3¢, 4b, and Sa.

[0195] Another aspect of the present invention relates to a
method for preparing a compound represented by Formula V
or a pharmaceutically acceptable salt or ester of the com-
pound represented by Formula V, comprising a step of
preparing the compound represented by Formula V from the
compound represented by Formula IV:

Formula IV
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-continued

Formula V

[0196] wherein, R, is C,-C,, straight chain or branched
chain alkyl, preferably, R, is C,-C; straight chain or
branched chain alkyl, more preferably, R, is C,-C,
straight chain or branched chain alkyl, such as methyl,
ethyl, propyl or isopropyl.

[0197] In some embodiments of the present invention, in
the method for preparing the compound represented by
Formula V, the compound represented by Formula V is
prepared by reacting the compound represented by Formula
IV with a reducing agent.

[0198] In some embodiments of the present invention, in
the method for preparing the compound represented by
Formula V, the reducing agent is one or more selected from
the group consisting of isopropanol hydrogen chloride and
isopropanol hydrochloride.

[0199] In some embodiments of the present invention, in
the method for preparing the compound represented by
Formula V, the molar ratio of the compound represented by
Formula IV to the reducing agent is 1:(1.5-3.5), preferably
1:(2.5-3.5), for example 1:2.5, 1:3 or 1:3.5.

[0200] In some embodiments of the present invention, in
the method for preparing the compound represented by
Formula V, the reaction is carried out in an organic solvent
as a reaction solvent, preferably, the organic solvent is
isopropanol.

[0201] In some embodiments of the present invention, in
the method for preparing the compound represented by
Formula V, the reaction temperature is 50° C. to 90° C.,
preferably 60° C. to 80° C., 60° C. to 70° C., 70° C. to 80°
C., or 65° C. to 75° C.

[0202] In some embodiments of the present invention, in
the method for preparing the compound represented by
Formula V, the reaction time is at least 0.5 hours, at least 1
hour, at least 1.5 hours, at least 2 hours, 1 to 10 hours, 2 to
8 hours, 2 to 6 hours, 2 to 4 hours, 2 to 3 hours, 0.5 hours,
1 hour, 1.5 hours, 2 hours, 3 hours, 4 hours, 5 hours, 6 hours,
7 hours, 8 hours, 9 hours or 10 hours.

[0203] Another aspect of the present invention relates to a
use of the compound represented by formula V or pharma-
ceutically acceptable salt or ester thereof in the manufacture
of pranoprofen or a pharmaceutically acceptable salt or ester
of pranoprofen. Preferably, the compound represented by
Formula V is prepared by the method for preparing the
compound represented by Formula V according to any one
of items of the present invention.

[0204] Some intermediate compounds involved in the
present invention are shown in Table A below.
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TABLE A

Oct

Some intermediate compounds involved in the present invention

General structural formula

Compound

represented
by Formula
I

Compound

represented
by Formula
I

Compound

represented
by Formula
I

Compound

represented
by Formula
v

e}

COOH
d R,
F
N O

R is C,—C, straight chain or branched chain alkyl,
preferably, R is C,—Cg straight chain or branched
chain alkyl, more preferably, R is C,—C, straight

chain or branched chain alkyl, such as ethyl, propyl,

isopropyl or n-butyl.

COOH 0
AN ~ R
P (6]
N O

wherein, R, is C;—C, straight chain or branched
chain alkyl, preferably, R, is C,—Cs straight chain or
branched chain alkyl, more preferably, R, is C,—Cj;
straight chain or branched chain alkyl, such as
methyl, ethyl, propyl or isopropyl.

e}

wherein, R, is C;—C, straight chain or branched
chain alkyl, preferably, R, is C,—Cs straight chain or
branched chain alkyl, more preferably, R, is C,—Cj;
straight chain or branched chain alkyl, such as
methyl, ethyl, propyl or isopropyl.

OH

Wherein, R; is C,—C g straight chain or branched
chain alkyl, preferably, R, is C,—Cs straight chain or
branched chain alkyl, more preferably, R, is C,—Cj

straight chain or branched chain alkyl, such as
methyl, ethyl, propyl or isopropyl.

Some intermediate compounds involved in the present invention

Compound structure Compound
Compound name formula No.
Compound 2-[4-(1-Oxopropyl)phenoxy]- O I-A
represented 3-pyridinecarboxylic acid
COOH
by Formula
I x

. 17,2024
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TABLE A-continued

2-[4-(1-Oxobutyl)phenoxy]- O I-B
3-pyridinecarboxylic acid
COOH
AN
P
N O
2-[4-(1-Oxopentyl)phenoxy]- O I-C

3-pyridi boxylic acid
pyridinecarboxylic aci COOH
=
>
N O
Compound  2-[4-(2-Methoxy-1-methyl-2-oxoethyl) II-A
represented phenoxy]-3-pyridinecarboxylic acid COOH o
by Formula
it N ~
P O
N O

2-[4-(2-Ethoxy-1-methyl-2-oxoethyl) II-B
phenoxy]-3-pyridinecarboxylic acid COOH o
\ v
= (6]
N (6]
2-[4-(2-Propoxy-1-methyl-2-oxoethyl) II-C
phenoxy]-3-pyridinecarboxylic acid COOH o
\ \/\
P O
N (6]
Compound Methyl 2-(10-0x0-9-oxa- II-A
represented 1-azaanthracen-6-yl)propionate
by Formula
Juss

Ethyl 2-(10-ox0-9-o0xa-
1-azaanthracen-6-yl)propionate

III-B

Propyl 2-(10-0x0-9-0xa- III-C

1-azaanthracen-6-yl)propionate

Compound Methy! 2-(10-hydroxy-9-oxa- IV-A
represented 1-azaanthracen-6-yl)propionate
by Formula

v
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TABLE A-continued

Ethyl 2-(10-hydroxy-9-oxa-
1-azaanthracen-6-yl)propionate

Propyl 2-(10-hydroxy-9-oxa-
1-azaanthracen-6-yl)propionate

OH IV-B
o)
\ \/
=z O
N O
OH

v-C

(VD

[0205] A composition comprising pranoprofen and an
impurity, wherein, calculated by mass percentage, the impu-
rity in the composition has a content of less than or equal to
0.5%, less than or equal to 0.4%, less than or equal to 0.3%,
less than or equal to 0.25%, less than or equal to 0.24%, less
than or equal to 0.23%, less than or equal to 0.22%, less than
or equal to 0.21%, less than or equal to 0.20%, less than or
equal to 0.19%, less than or equal to 0.18%, less than or
equal to 0.17%, less than or equal to 0.16%, less than or
equal to 0.15%, less than or equal to 0.14%, less than or
equal to 0.13%, less than or equal to 0.12%, less than or
equal to 0.11%, less than or equal to 0.10%, less than or
equal to 0.09%, less than or equal to 0.08%, less than or
equal to 0.07%, less than or equal to 0.06%, less than or
equal to 0.05%, less than or equal to 0.04%, less than or
equal to 0.03%, less than or equal to 0.02%, less than or
equal to 0.01%, or less than or equal to 0.005%.

[0206] In one or more embodiments of the present inven-
tion, in the composition, calculated by mass percentage, the
pranoprofen in the composition has a content (purity) of
greater than or equal to 99%, greater than or equal to 99.1%,
greater than or equal to 99.2%, greater than or equal to
99.3%, greater than or equal to 99.4%, greater than or equal
to 99.5%, greater than or equal to 99.6%, greater than or
equal to 99.7%, greater than or equal to 99.8%, greater than
or equal to 99.9%, greater than or equal to 99.91%, greater
than or equal to 99.92%, greater than or equal to 99.93%,
greater than or equal to 99.94%, greater than or equal to
99.95%, greater than or equal to 99.96%, greater than or
equal to 99.97%, greater than or equal to 99.98%, or greater
than or equal to 99.99%.

[0207] In one or more embodiments of the present inven-
tion, in the composition, the impurity has content of greater
than zero.

[0208] In one or more embodiments of the present inven-
tion, the composition consists of pranoprofen and impurities.
[0209] In one or more embodiments of the present inven-
tion, in the composition, the impurity is total of impurities.
[0210] In one or more embodiments of the present inven-
tion, in the composition, the impurity is the maximum single
impurity.

[0211] In one or more embodiments of the present inven-
tion, in the composition, the impurity comprises any one,
any two, any three or any four selected from the group
consisting of impurity A, impurity C, impurity D, and
impurity L.

[0212] In one or more embodiments of the present inven-
tion, in the composition, the impurity consists of any one,
any two, any three or any four selected from the group
consisting of impurity A, impurity C, impurity D, and
impurity L.

[0213] In one or more embodiments of the present inven-
tion, in the composition, the impurity is impurity A, impurity
C, impurity D or impurity L.

[0214] In one or more embodiments of the present inven-
tion, in the composition, the impurity is impurity A.
[0215] In one or more embodiments of the present inven-
tion, in the composition, the impurity is impurity C.
[0216] In one or more embodiments of the present inven-
tion, in the composition, the impurity is impurity D.
[0217] In one or more embodiments of the present inven-
tion, in the composition, the impurity is impurity L.
[0218] In one or more embodiments of the present inven-
tion, in the composition, the impurities are impurity A and
impurity C.

[0219] In one or more embodiments of the present inven-
tion, in the composition, the impurity consists of impurity A
and impurity D.

[0220] In one or more embodiments of the present inven-
tion, in the composition, the impurity consists of impurity A
and impurity L.

[0221] In one or more embodiments of the present inven-
tion, in the composition, the impurity consists of impurity C
and impurity D.

[0222] In one or more embodiments of the present inven-
tion, in the composition, the impurity consists of impurity C
and impurity L.

[0223] In one or more embodiments of the present inven-
tion, in the composition, the impurity consists of impurity D
and impurity L.

[0224] In one or more embodiments of the present inven-
tion, in the composition, the impurity consists of impurity A,
impurity C and impurity D.

[0225] In one or more embodiments of the present inven-
tion, in the composition, the impurity consists of impurity A,
impurity C and impurity L.

[0226] In one or more embodiments of the present inven-
tion, in the composition, the impurity consists of impurity A,
impurity D and impurity L.

[0227] In one or more embodiments of the present inven-
tion, in the composition, the impurity consists of impurity C,
impurity D and impurity L.
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[0228] In one or more embodiments of the present inven-
tion, in the composition, the impurity consists of impurity A,
impurity C, impurity D and impurity L.

[0229] In one or more embodiments of the present inven-
tion, in the composition, the impurity comprise impurity A,
impurity C, impurity D and impurity L.

[0230] In one or more embodiments of the present inven-
tion, in the composition, the total impurity content is less
than or equal to 0.2%, less than or equal to 0.15%, less than
or equal to 0.12%, less than or equal to 0.1%, less than or
equal to 0.09%, less than or equal to 0.08%, less than or
equal to 0.07%, less than or equal to 0.06%, less than or
equal to 0.05%, less than or equal to 0.04%, less than or
equal to 0.03%, less than or equal to 0.02%, or less than or
equal to 0.01%.

[0231] In one or more embodiments of the present inven-
tion, in the composition, the content of impurity A is less
than or equal to 0.2%, less than or equal to 0.15%, less than
or equal to 0.12%, less than or equal to 0.1%, less than or
equal to 0.09%, less than or equal to 0.08%, less than or
equal to 0.07%, less than or equal to 0.06%, less than or
equal to 0.05%, less than or equal to 0.04%, less than or
equal to 0.03%, less than or equal to 0.02%, or less than or
equal to 0.01%.

[0232] In one or more embodiments of the present inven-
tion, in the composition, the content of impurity C is less
than or equal to 0.2%, less than or equal to 0.15%, less than
or equal to 0.12%, less than or equal to 0.1%, less than or
equal to 0.09%, less than or equal to 0.08%, less than or
equal to 0.07%, less than or equal to 0.06%, less than or
equal to 0.05%, less than or equal to 0.04%, less than or
equal to 0.03%, less than or equal to 0.02%, less than or
equal to 0.01%, or less than or equal to 0.005%.

[0233] In one or more embodiments of the present inven-
tion, in the composition, the content of impurity D is less
than or equal to 0.2%, less than or equal to 0.15%, less than
or equal to 0.12%, less than or equal to 0.1%, less than or
equal to 0.09%, less than or equal to 0.08%, less than or
equal to 0.07%, less than or equal to 0.06%, less than or
equal to 0.05%, less than or equal to 0.04%, less than or
equal to 0.03%, less than or equal to 0.02%, less than or
equal to 0.01%, or less than or equal to 0.005%.

[0234] In one or more embodiments of the present inven-
tion, in the composition, the content of impurity L is less
than or equal to 0.2%, less than or equal to 0.15%, less than
or equal to 0.12%, less than or equal to 0.1%, less than or
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equal to 0.09%, less than or equal to 0.08%, less than or
equal to 0.07%, less than or equal to 0.06%, less than or
equal to 0.05%, less than or equal to 0.04%, less than or
equal to 0.03%, less than or equal to 0.02%, less than or
equal to 0.01%, or less than or equal to 0.005%.

[0235] In one or more embodiments of the present inven-
tion, in the composition, after the accelerated experiment for
1 month, 2 months or 3 months, compared with O month, the
change (increase or decrease) of the content of total impu-
rities, maximum single impurity, impurity A, impurity C,
impurity D and/or impurity L. does not exceed 50%, 40%,
30%, 20%, 10% or 5%.

[0236] In one or more embodiments of the present inven-
tion, in the composition, after the accelerated experiment for
6 months, compared with 0 month, the change (increase or
decrease) of the content of total impurities, maximum single
impurity, impurity A, impurity C, impurity D and/or impu-
rity L. does not exceed 300%, 250%, 200%, 150%, 130%,
120%, 110%, 100%, 90%, 80%, 70%, 60%, 50%, 40%,
30%, 20%, 10%, or 5%.

[0237] In one or more embodiments of the present inven-
tion, in the composition, after the accelerated experiment for
1 month, 2 months or 3 months, the content of the total
impurities, maximum single impurity, impurity A, impurity
C, impurity D and/or impurity L is less than or equal to
0.2%, less than or equal to 0.15%, less than or equal to
0.12%, less than or equal to 0.1%, less than or equal to
0.09%, less than or equal to 0.08%, less than or equal to
0.07%, 0.06% or less, 0.05% or less, 0.04% or less, 0.03%
or less, 0.02% or less, or 0.01% or less.

[0238] In one or more embodiments of the present inven-
tion, in the composition, after the accelerated experimenta-
tion for 6 months, the content of total impurities, maximum
single impurity, impurity A, impurity C, impurity D and/or
impurity L is less than or equal to 0.5%, less than or equal
to 0.45%, less than or equal to 0.4%, less than or equal to
0.35%, less than or equal to 0.3%, less than or equal to
0.25%, less than or equal to 0.2%, less than or equal to
0.15%, less than or equal to 0.12%, less than or equal to
0.1%, less than or equal to 0.09%, less than or equal to
0.08%, less than or equal to 0.07%, less than or equal to
0.06%, less than or equal to 0.05%, less than or equal to
0.04%, less than or equal to 0.03%, less than or equal to
0.02%, or less than or equal to 0.01%.

[0239] The structures of impurity A, impurity C, impurity
D, and impurity L are shown in Table B below.

TABLE B

Some impurity compounds involved in the present invention

Impurity A Impurity C Impurity D
Structural O (€]
formula
OH
AN
P
N O N O

English 2-(10-Ox0-9-0xa-1-
name azaanthracen-

of 6-yl)propanoic acid
impurity

compound

6-Ethyl-9-oxa-1-aza-
anthracen-10-one

2-(10H-9-Oxa-1-aza-anthracen-
6-yl)-propionic
acid methyl ester
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TABLE B-continued

Some impurity compounds involved in the present invention

Impurity L
Structural
formula
English 2-[10-(2-Oxo-propyl)-10H-9-
name oxa-1-aza-anthracen-6-yl]-
of propionic acid
impurity
compound

[0240] Another aspect of the present invention relates to a
pharmaceutical composition, which comprises the com-
pound according to any one of items described in the present
invention above, and one or more pharmaceutically accept-
able excipients.

[0241] In the present invention, unless otherwise speci-
fied, the composition is a pranoprofen product, which con-
tains a dominant amount of the pranoprofen compound and
one or more impurities. Those skilled in the art can under-
stand that the existence or generation of impurities is
unavoidable during the synthesis, purification and/or storage
of the compound.

[0242] In the present invention, unless otherwise speci-
fied, the pranoprofen refers to a pure pranoprofen.

[0243] In the present invention, unless otherwise speci-
fied, the accelerated experiment is carried out under the
conditions of 40° C.+2° C. and RH75%=5% in accordance
with the regulations in the “Technical Guidelines for Sta-
bility Research of Chemical Drugs”; preferably, an average
value of 3 samples measured in parallel is taken.

[0244] In the present invention, unless otherwise speci-
fied, the content of each impurity or total impurities is
measured by high performance liquid chromatography. Pref-
erably, the chromatographic conditions comprise: using
octadecylsilane-bonded silica gel as filler (5 pm, 250
mmx4.6 mm); using 0.05 mol/L. sodium perchlorate aqueous
solution-methanol (90:10, adding perchloric acid to adjust
pH to 3.2) as mobile phase A, methanol as mobile phase B,
following the gradient elution in Table 10, flow rate of 1.0
ml/min, column temperature of 40° C., detection wavelength
of 275 nm. The elution program is also shown in Table 10.
[0245] In the present invention, unless otherwise speci-
fied, the content of pranoprofen, impurities, total impurities,
maximum single impurity, impurity A, impurity C, impurity
D or impurity L refers to the content calculated according to
mass percentage in the composition.

[0246] Another aspect of the present invention relates to a
method for quality inspection or quality control of a prano-
profen product, comprising a step of detecting the content of
(pure) pranoprofen or the content of impurities therein;
preferably, the pranoprofen product is the composition or
pharmaceutical preparation according any one of items of
the present invention. Preferably, the method is a high
performance liquid chromatography. Preferably, the chro-

matographic conditions comprise: using octadecylsilane-
bonded silica gel as filler (5 pm, 250 mmx4.6 mm); using
0.05 mol/LL sodium perchlorate aqueous solution-methanol
(90:10, adding perchloric acid to adjust pH to 3.2) as mobile
phase A, methanol as mobile phase B, following the gradient
elution in Table 10, flow rate of 1.0 ml/min, column tem-
perature of 40° C., detection wavelength of 275 nm. The
elution program is also shown in Table 10.

[0247] Another aspect of the present invention relates to a
use of any one, any two, any three or any four selected from
the group consisting of impurity A, impurity C, impurity D
and impurity L in the quality inspection or quality control of
a pranoprofen product; preferably, the pranoprofen product
is the composition or pharmaceutical preparation described
in any one of items of the foregoing present inventions.
[0248] Another aspect of the present invention relates to a
use of the following impurities or combinations of impuri-
ties in the quality inspection or quality control of a prano-
profen product; preferably, the pranoprofen product is the
composition or pharmaceutical preparation described in any
one of items of the foregoing present inventions:

[0249] Impurity L,

[0250] Impurity L and Impurity A,

[0251] Impurity L and Impurity C,

[0252] Impurity L and Impurity D,

[0253] Impurity L, Impurity A and Impurity C,

[0254] Impurity L, Impurity A and Impurity D,

[0255] Impurity L, Impurity C and Impurity D,

[0256] or

[0257] Impurity L, Impurity A, Impurity C and Impurity
D

[0258] In one or more embodiments of the present inven-
tion, in the method for preparing the compound represented
by Formula I, the compound represented by Formula II, the
compound represented by Formula III, the compound rep-
resented by Formula IV or pranoprofen, the preparation
method does not use highly toxic chemical reagents such as
potassium cyanide, iodomethane. Therefore, the preparation
method of the present invention reduces production hazards
and risks in worker operation.

[0259] In one or more embodiments of the present inven-
tion, in the method for preparing the compound represented
by Formula I, the compound represented by Formula II, the
compound represented by Formula III, the compound rep-
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resented by Formula IV or pranoprofen, the preparation
method does not use phosphorus-containing chemical
reagents such as polyphosphoric acid. Therefore, the prepa-
ration method of the present invention reduces environmen-
tal pollution and is more friendly to the environment.
[0260] In the present invention, the term “C, ,, alkyl”
refers to a straight-chain or branched-chain alkyl having 1 to
10 carbon atoms, such as methyl, ethyl, propyl, isopropyl,
n-butyl, sec-butyl, tert-butyl, pentoxy, 2-pentoxy, isopen-
toxy, neo-pentoxy, hexyloxy, 2-hexyloxy, 3-hexyloxy, etc.;
C,_oalkyl, C, calkyl, C, s alkyl, C, ;alkylor C,, alkyl, and
the like, preferably, C, ¢ alkyl, C, ¢ alkyl, C, 5 alkyl or C,,
alkyl.

Beneficial Effects of the Present Invention

[0261] The present invention achieves any one or more of
the following technical effects (1) to (11):
[0262] (1) the raw materials used in the present inven-
tion are easier to get;
[0263] (2) it is beneficial to continuously remove impu-
rities in the process and improve product quality;
[0264] (3) it avoids the use of highly toxic chemicals
such as potassium cyanide and iodomethane, reducing
production hazards and worker operational risks;
[0265] (4) it avoids the use of phosphorus-containing
chemicals such as polyphosphoric acid, reducing envi-
ronmental pollution and being more environmentally
friendly;
[0266] (5) the reaction steps are short and the process
route is simplified;

[0267] (6) the reaction conditions are mild;

[0268] (7) it is easy to operate;

[0269] (8) it is more suitable for industrial production;
[0270] (9) the yield of the compound represented by

Formula 0, Formula I, Formula II, Formula III and/or
Formula IV prepared by the present invention is rela-
tively high;

[0271] (10) the purity of the compound represented by
Formula 0, Formula I, Formula II, Formula III and/or
Formula IV prepared by the present invention is rela-
tively high;

[0272] (11) it achieves a good balance between yield
and purity for the compound represented by Formula O,
Formula I, Formula II, Formula III and/or Formula IV
prepared by the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0273] FIG. 1 shows the high-resolution mass spectrum of
the sample.

[0274] FIG. 2A shows the infrared spectrum of the stan-
dard product.

[0275] FIG. 2B shows the infrared spectrum of the sample.
[0276] FIG. 3A shows the UV spectrum of the neutral

standard product.
[0277] FIG. 3B shows the UV spectrum of the acidic
standard product.
[0278] FIG. 3C shows the UV spectrum of the basic
standard product.

[0279] FIG. 3D shows the UV spectrum of the neutral
sample.
[0280] FIG. 3E shows the UV spectrum of the acidic

sample.
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[0281] FIG. 3F shows the UV spectrum of the alkaline

sample.

SPECIFIC MODELS FOR CARRYING OUT THE
PRESENT INVENTION

[0282] Embodiments of the present invention will be
described in detail below in conjunction with examples, but
those skilled in the art will understand that the following
examples are only for illustrating the present invention, and
should not be considered as limiting the scope of the present
invention. For those without giving specific conditions in the
examples, they were carried out according to the conven-
tional conditions or conditions recommended by the manu-
facturer. For those reagents or instruments without giving
manufacturers, they were all commercially available con-
ventional products.

Preparation Examples la to 1i: Preparation of 2-[4-
(1-oxopropyl)phenoxy]-3-pyridinecarboxylic acid
(Compound I-A) or 2-[4-(1-oxobutyl)phenoxy]-3-

pyridinecarboxylic acid (Compound I-B)

[0283]
la
COOH
x
+
&
N Cl
(€]
Na2C03, Cul
—_—
DMF
HO
(€]
COOH
E\/(
Z
N O
[0284] 2-Chloronicotinic acid (20.0 g, 1 equiv.), N,N-

dimethylformamide (20 ml), cuprous iodide (2.4 g, 0.1
equiv.) were added into a 250 mL reaction bottle, stirred and
mixed, and heated to 75° C. to 80° C., sodium carbonate
(26.9 g, 2 equiv.) and 4-hydroxypropiophenone (38.1 g, 2
equiv.) were added in batches, after the addition was com-
pleted, the temperature was raised to 110° C. to 115° C., and
the reaction was carried out by keeping the temperature for
5h. The reaction liquid was cooled to 50° C., added with 100
g of water, and stirred for 15 min. After being acidified to pH
3-4, it was filtered, and the filter cake obtained was trans-
ferred into a 1 L beaker, added with 200 g of water, stirred
evenly, adjusted to pH 7-7.5 with sodium bicarbonate and
filtered, the filter cake was washed with appropriate amount
of water, the filtrate was retained, and transferred to a clean
1 L beaker. The obtained filtrate was acidified to pH 3-4 to
precipitate a product. After being filtered, the obtained filter
cake was air-dried at 60° C. to obtain 29.5 g of Compound
1-A with a yield of 85.6%, and a purity of 97.53%.
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1b
COOH
=
+
F
N Cl
(6]
NaZC03,CuI
—_—
DMF
HO
(€]
COOH
(\/ﬁ
F
N O
[0285] 2-Chloronicotinic acid (20.0 g, 1 equiv.), N,N-

dimethylformamide (20 ml), cuprous iodide (1.2 g, 0.05
equiv.) were added into a 250 ml reaction bottle, stirred and
mixed, and heated to 75° C. to 80° C., and sodium carbonate
(26.9 g, 2 equiv.) and 4-hydroxypropiophenone (38.1 g, 2
equiv.) were added in batches, after the addition was com-
pleted, the temperature was raised to 110° C. to 115° C., and
the reaction was carried out by keeping the temperature for
5 h. The reaction liquid was cooled to 50° C., added with 100
g of water, and stirred for 15 min. After being acidified to pH
3-4, it was filtrated, and the filter cake obtained was trans-
ferred into a 1 L beaker, added with 200 g of water, stirred
evenly, adjusted to pH 7-7.5 with sodium bicarbonate and
filtered, the obtained filter cake was washed with appropriate
amount of water, the filtrate was retained, and transferred to
aclean 1 L beaker. The obtained filtrate was acidified to pH
3-4 to precipitate a product. After being filtered, the obtained
filter cake was air-dried at 60° C. to obtain 29.4 g of
Compound I-A with a yield of 85.5% and a purity of
97.36%.

lc
COOH
AN
| +
Z
N Br
(6]
NaZC03,CuI
_—
DMF
HO
(€]
COOH
(\/ﬁ
F
N O
[0286] 2-Bromonicotinic acid (20.0 g, 1 equiv.), N,N-

dimethylformamide (20 ml), cuprous iodide (1.9 g, 0.1
equiv.) were added into a 250 mL reaction bottle, stirred and
mixed, and heated to 75° C. to 80° C., and sodium carbonate
(21.0 g, 2 equiv.) and 4-hydroxypropiophenone (29.7 g, 2
equiv.) were added in batches, after the addition was com-
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pleted, the temperature was raised to 110° C. to 115° C., and
the reaction was carried out by keeping the temperature for
5h. The reaction liquid was cooled to 50° C., added with 100
g of water, and stirred for 15 min. After being acidified to pH
3-4 and filtered, the obtained filter cake was transferred into
a 1 L beaker, added with 200 g of water, stirred evenly,
adjusted to pH 7-7.5 with sodium bicarbonate and filtered,
the obtained filter cake was washed with appropriate amount
of water, the filtrate was retained, and transferred to a clean
1 L beaker. The obtained filtrate was acidified to pH 3-4 to
precipitate a product. After filtration, the obtained filter cake
was air-dried at 60° C. to obtain 23.1 g of Compound I-A
with a yield of 86.0% and a purity of 97.68%.

1d
COOH
AN
| +
F
N Br
(€]
Na2C03, Cul
_—
DMF
HO
(€]
COOH
®
F
N O
[0287] 2-Bromonicotinic acid (50.0 g, 1 equiv.), N,N-

dimethylformazine (50 ml), cuprous iodide (4.7 g, 0.1
equiv.) were added into a 500 ml reaction bottle, stirred and
mixed, and heated to 75° C. to 80° C., and sodium carbonate
(52.5 g, 2 equiv.) and 4-hydroxybutyrophenone (81.3 g, 2
equiv.) were added in batches, after the addition was com-
pleted, the temperature was raised to 110° C. to 115° C., and
the reaction was carried out by keeping the temperature for
5h. The reaction liquid was cooled to 50° C., added with 250
g of water, and stirred for 15 min. After being acidified to pH
3-4 and filtered, the obtained filter cake was transferred into
a 2 L beaker, added with 500 g of water, stirred evenly,
adjusted to pH 7-7.5 with sodium bicarbonate and filtered,
the obtained filter cake was washed with appropriate amount
of water, the filtrate was retained and transferred to a clean
2 L beaker. The resulting filtrate was acidified to pH 3-4 to
precipitate a product. After being filtered, the obtained filter
cake was air-dried at 60° C. to obtain 58.4 g of Compound
1-B with a yield of 83.0% and a purity of 97.11%.

le

COOH
AN
| +

/

N Br
(€]
K2CO3, Cul
_—
DMF
HO
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-continued

COOH

[0288] 2-Bromonicotinic acid (20.0 g, 1 equiv.), N,N-
dimethyl formazan (20.0 g), cuprous iodide (1.9 g, 0.1
equiv.) were added into a 250 ml reaction bottle, stirred and
mixed, and heated to 75° C. to 80° C., and potassium
carbonate (27.4 g, 2 equiv.) and 4-hydroxypropiophenone
(29.7 g, 2 equiv.) were added in batches, after the addition
was completed, the temperature was raised to 110° C. to
115° C., and the reaction was carried out by keeping the
temperature for 5 h. The reaction liquid was cooled to 50°
C., added with 100 g of water, and stirred for 15 min. After
being acidified to pH 3-4, the filter cake obtained by
filtration was transferred into a 1 L beaker, added with 200
g of water, stirred evenly, adjusted to pH 7-7.5 with sodium
bicarbonate and filtered, the obtained filter cake was washed
with appropriate amount of water, the filtrate was retained,
and transferred to a clean 1 L beaker. The resulting filtrate
was acidified to pH 3-4 to precipitate a product. After being
filtered, the obtained filter cake was air-dried at 60° C. to
obtain 22.9 g of Compound I-A with a yield of 85.0% and
a purity of 97.44%.

1f
COOH
AN
| +

=

N Br
O
NaHCO3, Cul
_— =
DMF
HO
(@]
COOH

X
N// O

[0289] 2-Bromonicotinic acid (20.0 g, 1 equiv.), N,N-
dimethyl formazan (20.0 g), cuprous iodide (1.9 g, 0.1
equiv.) were added into a 250 ml reaction bottle, stirred and
mixed, and heated to 75° C. to 80° C., and sodium bicar-
bonate (16.6 g, 2 equiv.) and 4-hydroxypropiophenone (29.7
g, 2 equiv.) were added in batches, after the addition was
completed, the temperature was raised to 110° C. to 115° C.,
and the reaction was carried out by keeping the temperature
for 5 h. The reaction liquid was cooled to 50° C., added with
100 g of water, and stirred for 15 min. After being acidified
to pH 3-4, the filter cake obtained by filtration was trans-
ferred into a 1 L beaker, added with 200 g of water, stirred
evenly, adjusted to pH 7-7.5 with sodium bicarbonate and
filtered, the filter cake was washed with appropriate amount
of water, the filtrate was retained, and transferred to a clean
1 L beaker. The resulting filtrate was acidified to pH 3-4 to
precipitate a product. After filtration, the obtained filter cake
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was air-dried at 60° C. to obtain 21.6 g of Compound I-A
with a yield of 80.6% and a purity of 96.87%.

lg
COOH
AN
| +
F
N Br
(€]
KHCOj3, Cul
—_—
DMF
HO
(€]
COOH
(\/ﬁ
Z
N O
[0290] 2-Bromonicotinic acid (20.0 g, 1 equiv.), N,N-

dimethyl formazan (20.0 g), cuprous iodide (1.9 g, 0.1
equiv.) were added into a 250 ml reaction bottle, stirred and
mixed, and heated to 75° C. to 80° C., and potassium
bicarbonate (19.8 g, 2 equiv.) and 4-hydroxypropiophenone
(29.7 g, 2 equiv.) were added in batches, after the addition
was completed, the temperature was raised to 110° C. to
115° C., and the reaction was carried out by keeping the
temperature for 5 h. The reaction liquid was cooled to 50°
C., added with 100 g of water, and stirred for 15 min. After
being acidified to pH 3-4, the filter cake obtained by
filtration was transferred into a 1 L beaker, added with 200
g of water, stirred evenly, adjusted to pH 7-7.5 with sodium
bicarbonate and filtered, the filter cake was washed with
appropriate amount of water, the filtrate was retained, and
transferred to a clean 1 L beaker. The resulting filtrate was
acidified to pH 3-4 to precipitate a product. After filtration,
the obtained filter cake was air-dried at 60° C. to obtain 21.5
g of Compound I-A with a yield of 80.2% and a purity of
96.56%.

1h
COOH
AN
| +
F
N Br
(€]
Na,CO3, Cul
—_—
DMF
HO
(€]
COOH
(\/ﬁ
F
N O
[0291] 2-Bromonicotinic acid (20.0 g, 1 equiv.), N,N-

dimethylformamide (20 ml), cuprous iodide (1.9 g, 0.1
equiv.) were added into a 250 mL reaction bottle, stirred and
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mixed, and heated to 60° C. to 65° C., and sodium carbonate
(21.0 g, 2 equiv.) and 4-hydroxypropiophenone (29.7 g, 2
equiv.) were added in batches, after the addition was com-
pleted, the temperature was raised to 75° C. to 80° C., and
the reaction was carried out by keeping the temperature for
10 h. The reaction liquid was cooled to 50° C., added with
100 g of water, and stirred for 15 min. After being acidified
to pH 3-4, the filter cake obtained by filtration was trans-
ferred into a 1 L beaker, added with 200 g of water, stirred
evenly, adjusted to pH 7-7.5 with sodium bicarbonate and
filtered, the filter cake was washed with appropriate amount
of water, the filtrate was retained, and transferred to a clean
1 L beaker. The resulting filtrate was acidified to pH 3-4 to
precipitate a product. After filtration, the obtained filter cake
was air-dried at 60° C. to obtain 22.4 g of Compound I-A
with a yield of 83.4% and a purity of 96.48%.

1i

COOH
AN
| +
F
N Br
(€]
Na,CO3, Cul
—_—
DMF
HO
(€]
COOH
@
Z
N (6]
[0292] 2-Bromonicotinic acid (20.0 g, 1 equiv.), N,N-

dimethylformamide (20 ml), cuprous iodide (1.9 g, 0.1
equiv.) were added into a 250 mL reaction bottle, stirred and
mixed, and heated to 75° C. to 80° C., and sodium carbonate
(21.0 g, 2 equiv.) and 4-hydroxypropiophenone (29.7 g, 2
equiv.) were added in batches, after the addition was com-
pleted, the temperature was raised to 120° C. to 125° C., and
the reaction was carried out by keeping the temperature for
4 h. The reaction liquid was cooled to 50° C., added with 100
g of water, and stirred for 15 min. After being acidified to pH
3-4, the filter cake obtained by filtration was transferred into
a 1 L beaker, added with 200 g of water, stirred evenly,
adjusted to pH 7-7.5 with sodium bicarbonate and filtered,
the filter cake was washed with appropriate amount of water,
the filtrate was retained, and transferred to a clean 1 L
beaker. The resulting filtrate was acidified to pH 3-4 to
precipitate a product. After filtration, the obtained filter cake
was air-dried at 60° C. to obtain 23.4 g of Compound I-A
with a yield of 87.0% and a purity of 96.11%.

Comparative Examples 1j to 1w

[0293]
COOH 4
AN
N
Z
N Cl
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-continued
O

Na,CO3, Cul
—_—

DMF

HO
(€]

COOH
X
N// O

[0294] 2-Chloronicotinic acid (20.0 g, 1 equiv.), N,N-
dimethylformamide (20 ml), cuprous iodide (4.8 g, 0.2
equiv.) were added into a 250 mL reaction bottle, stir and
mix, and heat up to 75° C. to 80° C., and sodium carbonate
(13.5 g, 1 equiv.) and 4-hydroxypropiophenone (19.1 g, 1
equiv.) were added in batches, after the addition was com-
pleted, the temperature was raised to 110° C. to 115° C., and
the reaction was carried out by keeping the temperature for
5h. The reaction liquid was cooled to 50° C., added with 100
g of water, and stirred for 15 min. After being acidified to pH
3-4, the filter cake obtained by filtration was transferred into
a 1 L beaker, added with 200 g of water, stirred evenly,
adjusted to pH 7-7.5 with sodium bicarbonate and filtered,
the filter cake was washed with appropriate amount of water,
the filtrate was retained, and transferred to a clean 1 L
beaker. The resulting filtrate was acidified to pH 3-4 to
precipitate a product. After filtration, the resulting filter cake
was air-dried at 60° C. to obtain 25.6 g of Compound I-A
with a yield of 74.2%, and a purity of 93.88%.

1m
COOH
AN
+
F
N Cl
(€]
Na,CO3, Cul
_—
DMF
HO
(€]
COOH
®
Z
N O
[0295] 2-Chloronicotinic acid (20.0 g, 1 equiv.), N,N-

dimethylformamide (20 ml), cuprous iodide (4.8 g, 0.2
equiv.) were added into a 250 mL reaction bottle, stirred and
mixed, and heated to 75° C. to 80° C., and sodium carbonate
(13.5 g, 1 equiv.) and 4-hydroxypropiophenone (38.1 g, 2
equiv.) were added in batches, after the addition was com-
pleted, the temperature was raised to 110° C. to 115° C., and
the reaction was carried out by keeping the temperature for
5h. The reaction liquid was cooled to 50° C., added with 100
g of water, and stirred for 15 min. After being acidified to pH
3-4, the filter cake obtained by filtration was transferred into
a 1 L beaker, added with 200 g of water, stirred evenly,



US 2024/0343738 Al

adjusted to pH 7-7.5 with sodium bicarbonate and filtered,
the filter cake was washed with appropriate amount of water,
the filtrate was retained, and transferred to a clean 1 L
beaker. The resulting filtrate was acidified to pH 3-4 to
precipitate a product. After filtration, the resulting filter cake
was air-dried at 60° C. to obtain 27.2 g of Compound I-A
with a yield of 79.1% and a purity of 96.43%.
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[0296] 2-Chloronicotinic acid (20.0 g, 1 equiv.), N,N-

dimethylformamide (20 ml), cuprous iodide (4.8 g, 0.2
equiv.) were added into a 250 mL reaction bottle, stirred and
mixed, and heated to 75° C. to 80° C., and sodium carbonate
(13.5 g, 1 equiv.) and 4-hydroxypropiophenone (57.2 g, 3
equiv.) were added in batches, after the addition was com-
pleted, the temperature was raised to 110° C. to 115° C., and
the reaction was carried out by keeping the temperature for
5 h. The reaction liquid was cooled to 50° C., added with 100
g of water, and stirred for 15 min. After being acidified to pH
3-4, the filter cake obtained by filtration was transferred into
a 1 L beaker, added with 200 g of water, stirred evenly,
adjusted to pH 7-7.5 with sodium bicarbonate and filtered,
the filter cake was washed with appropriate amount of water,
the filtrate was retained, and transferred to a clean 1 L
beaker. The resulting filtrate was acidified to pH 3-4 to
precipitate a product. After filtration, the obtained filter cake
was air-dried at 60° C. to obtain 27.1 g of Compound I-A
with a yield of 78.8% and a purity of 96.57%.
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[0297] 2-Chloronicotinic acid (20.0 g, 1 equiv.), N,N-
dimethylformamide (20 ml), cuprous iodide (4.8 g, 0.2
equiv.) were added into a 250 mL reaction bottle, stirred and
mixed, and heated to 75° C. to 80° C., and sodium carbonate
(13.5 g, 1 equiv.) and 4-hydroxypropiophenone (76.3 g, 4
equiv.) were added in batches, after the addition was com-
pleted, the temperature was raised to 110° C. to 115° C., and
the reaction was carried out by keeping the temperature for
5h. The reaction liquid was cooled to 50° C., added with 100
g of water, and stirred for 15 min. After being acidified to pH
3-4, the filter cake obtained by filtration was transferred into
a 1 L beaker, added with 200 g of water, stirred evenly,
adjusted to pH 7-7.5 with sodium bicarbonate and filtered,
the filter cake was washed with appropriate amount of water,
the filtrate was retained, and transferred to a clean 1 L
beaker. The resulting filtrate was acidified to pH 3-4 to
precipitate a product. After filtration, the obtained filter cake
was air-dried at 60° C. to obtain 27.4 g of Compound I-A
with a yield of 79.7%, and a purity of 95.29%.
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[0298] 2-Chloronicotinic acid (20.0 g, 1 equiv.), N,N-

dimethylformamide (20 ml), cuprous iodide (4.8 g, 0.2
equiv.) were added into a 250 mL reaction bottle, stirred and
mixed, and heated to 75° C. to 80° C., and sodium carbonate
(13.5 g, 1 equiv.) and 4-hydroxypropiophenone (95.3 g, 5
equiv.) were added in batches, after the addition was com-
pleted, the temperature was raised to 110° C. to 115° C., and
the reaction was carried out by keeping the temperature for
5 h. The reaction liquid was cooled to 50° C., transferred to
a 500 ml beaker, added with 100 g of water, and stirred for
15 min. After being acidified to pH 3-4, the filter cake
obtained by filtration was transferred into a 1 L beaker,
added with 200 g of water, stirred evenly, adjusted to pH
7-7.5 with sodium bicarbonate and filtered, the filter cake
was washed with appropriate amount of water, the filtrate
was retained, and transferred to a clean 1 L beaker. The
resulting filtrate was acidified to pH 3-4 to precipitate a
product. After filtration, the obtained filter cake was air-
dried at 60° C. to obtain 27.2 g of Compound I-A with a
yield of 78.9% and a purity of 95.11%.



US 2024/0343738 Al

(€]
COOH Na,CO3,
N Cul
+ —_—
// DMF
N Cl
HO
(€]
COOH
®
F
N O
[0299] 2-Chloronicotinic acid (20.0 g, 1 equiv.), N,N-

dimethylformamide (20 ml), cuprous iodide (4.8 g, 0.2
equiv.) were added into a 250 mL reaction bottle, stirred and
mixed, and heated to 75° C. to 80° C., and sodium carbonate
(26.9 g, 2 equiv.) and 4-hydroxypropiophenone (38.1 g, 2
equiv.) were added in batches, after the addition was com-
pleted, the temperature was raised to 110° C. to 115° C., and
the reaction was carried out by keeping the temperature for
5 h. The reaction liquid was cooled to 50° C., added with 100
g of water, and stirred for 15 min. After being acidified to pH
3-4, the filter cake obtained by filtration was transferred into
a 1 L beaker, added with 200 g of water, stirred evenly,
adjusted to pH 7-7.5 with sodium bicarbonate and filtered,
the filter cake was washed with appropriate amount of water,
the filtrate was retained, and transferred to a clean 1 L
beaker. The resulting filtrate was acidified to pH 3-4 to
precipitate a product. After filtration, the obtained filter cake
was air-dried at 60° C. to obtain 29.6 g of Compound I-A
with a yield of 85.9% and a purity of 95.73%.
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[0300] 2-Chloronicotinic acid (20.0 g, 1 equiv.), N,N-
dimethylformamide (20 ml), cuprous iodide (4.8 g, 0.2
equiv.) were added into a 250 mL reaction bottle, stirred and
mixed, and heated to 75° C. to 80° C., and sodium carbonate
(40.4 g, 3 equiv.) and 4-hydroxypropiophenone (38.1 g, 2
equiv.) were added in batches, after the addition was com-
pleted, the temperature was raised to 110° C. to 115° C., and
the reaction was carried out by keeping the temperature for
5 h. The reaction liquid was cooled to 50° C., added with 100
g of water, and stirred for 15 min. After being acidified to pH
3-4, the filter cake obtained by filtration was transferred into
a 1 L beaker, added with 200 g of water, stirred evenly,
adjusted to pH 7-7.5 with sodium bicarbonate and filtered,
the filter cake was washed with appropriate amount of water,

Oct. 17,2024

the filtrate was retained, and transferred to a clean 1 L
beaker. The resulting filtrate was acidified to pH 3-4 to
precipitate a product. After filtration, the resulting filter cake
was air-dried at 60° C. to obtain 24.5 g of Compound I-A
with a yield of 71.1% and a purity of 94.53%.
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[0301] 2-Chloronicotinic acid (20.0 g, 1 equiv.), N,N-

dimethylformamide (20 ml), cuprous iodide (4.8 g, 0.2
equiv.) were added into a 250 mL reaction bottle, stirred and
mixed, and heated to 75° C. to 80° C., and sodium carbonate
(53.8 g, 4 equiv.) and 4-hydroxypropiophenone (38.1 g, 2
equiv.) were added in batches, after the addition was com-
pleted, the temperature was raised to 110° C. to 115° C., and
the reaction was carried out by keeping the temperature for
5h. The reaction liquid was cooled to 50° C., added with 100
g of water, and stirred for 15 min. After being acidified to pH
3-4, the filter cake obtained by filtration was transferred into
a 1 L beaker, added with 200 g of water, stirred evenly,
adjusted to pH 7-7.5 with sodium bicarbonate and filtered,
the filter cake was washed with appropriate amount of water,
the filtrate was retained, and transferred to a clean 1 L
beaker. The resulting filtrate was acidified to pH 3-4 to
precipitate a product. After filtration, the obtained filter cake
was air-dried at 60° C. to obtain 24.2 g of Compound I-A
with a yield of 70.2% and a purity of 94.17%.
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[0302] 2-Chloronicotinic acid (20.0 g, 1 equiv.), N,N-

dimethylformamide (20 ml), cuprous iodide (12.1 g, 0.5
equiv.) were added into a 250 mL reaction bottle, stirred and
mixed, and heated to 75° C. to 80° C., and sodium carbonate
(26.9 g, 2 equiv.) and 4-hydroxypropiophenone (38.1 g, 2
equiv.) were added in batches, after the addition was com-
pleted, the temperature was raised to 110° C. to 115° C., and
the reaction was carried out by keeping the temperature for
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5 h. The reaction liquid was cooled to 50° C., added with 100
g of water, and stirred for 15 min. After being acidified to pH
3-4, the filter cake obtained by filtration was transferred into
a 1 L beaker, added with 200 g of water, stirred evenly,
adjusted to pH 7-7.5 with sodium bicarbonate and filtered,
the filter cake was washed with appropriate amount of water,
the filtrate was retained, and transferred to a clean 1 L
beaker. The resulting filtrate was acidified to pH 3-4 to
precipitate a product. After filtration, the resulting filter cake
was air-dried at 60° C. to obtain 29.7 g of Compound I-A a
yield of 86.1% and a purity of 94.77%.
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[0303] 2-Chloronicotinic acid (20.0 g, 1 equiv.), N,N-

dimethylformamide (20 ml), cuprous iodide (24.2, 1.0
equiv.) were added into a 250 mL reaction bottle, stirred and
mixed, and heated to 75° C. to 80° C., and sodium carbonate
(26.9 g, 2 equiv.) and 4-hydroxypropiophenone (38.1 g, 2
equiv.) were added in batches, after the addition was com-
plete, the temperature was raised to 110° C. to 115° C., and
the reaction was carried out by keeping the temperature for
5 h. The reaction liquid was cooled to 50° C., added with 100
g of water, and stirred for 15 min. After being acidified to pH
3-4, the filter cake obtained by filtration was transferred into
a 1 L beaker, added with 200 g of water, stirred evenly,
adjusted to pH 7-7.5 with sodium bicarbonate and filtered,
the filter cake was washed with appropriate amount of water,
the filtrate was retained, and transferred to a clean 1 L
beaker. The resulting filtrate was acidified to pH 3-4 to
precipitate a product. After filtration, the resulting filter cake
was air-dried at 60° C. to obtain 30.1 g of Compound I-A
with a yield of 87.3% and a purity of 93.85%.
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-continued

[0304] 2-Iodonicotinic acid (20.0 g, 1 equiv.), N,N-dim-
ethylformamide (20 ml), cuprous iodide (1.5 g, 0.1 equiv.)
were added into a 250 ml reaction bottle, stirred and mixed,
and heated to 75° C. to 80° C., and sodium carbonate (17.0
g, 2 equiv.) and 4-hydroxypropiophenone (24.1 g, 2 equiv.)
were added in batches, after the addition was completed, the
temperature was raised to 110° C. to 115° C., and the
reaction was carried out by keeping the temperature for 4 h.
The reaction liquid was cooled to 50° C., added with 100 g
of water, and stirred for 15 min. After being acidified to pH
3-4, the filter cake obtained by filtration was transferred into
a 1 L beaker, added with 200 g of water, stirred evenly,
adjusted to pH 7-7.5 with sodium bicarbonate and filtered,
the filter cake was washed with appropriate amount of water,
the filtrate was retained, and transferred to a clean 1 L
beaker. The resulting filtrate was acidified to pH 3-4 to
precipitate a product. After filtration, the obtained filter cake
was air-dried at 60° C. to obtain 19.5 g of Compound I-A
with a yield of 89.4% and a purity of 91.98%.

1u
0
COOH N,CO;,
N cul
| * DMF
/
N Br
HO
0
COOH

X
N// O

[0305] 2-Bromonicotinic acid (20.0 g, 1 equiv.), dimethyl
sulfoxide (20.0 g), cuprous iodide (1.9 g, 0.1 equiv.) were
added into a 250 ml reaction bottle, stirred and mixed, and
heated to 75° C. to 80° C., and sodium carbonate (21.0 g, 2
equiv.) and 4-hydroxypropiophenone (29.7 g, 2 equiv.) were
added in batches, after the addition was completed, the
temperature was raised to 110° C. to 115° C., and the
reaction was carried out by keeping the temperature for 5 h.
The reaction liquid was cooled to 50° C., added with 100 g
of water, and stirred for 15 min. After being acidified to pH
3-4, the filter cake obtained by filtration was transferred into
a 1 L beaker, added with 200 g of water, stirred evenly,
adjusted to pH 7-7.5 with sodium bicarbonate and filtered,
the filter cake was washed with appropriate amount of water,
the filtrate was retained, and transferred to a clean 1 L
beaker. The resulting filtrate was acidified to pH 3-4 to
precipitate a product. After filtration, the obtained filter cake
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was air-dried at 60° C. to obtain 21.2 g of Compound I-A
with a yield of 78.9% and a purity of 96.38%.
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[0306] 2-Bromonicotinic acid (20.0 g, 1 equiv.), N,N-
dimethylformamide (20 ml), cuprous iodide (1.9 g, 0.1
equiv.) were added into a 250 mL reaction bottle, stirred and
mixed, and heated to 75° C. to 80° C., and sodium carbonate
(21.0 g, 2 equiv.) and 4-hydroxypropiophenone (29.7 g, 2
equiv.) were added in batches, after the addition was com-
pleted, the temperature was raised to 130° C. to 135° C., and
the reaction was carried out by keeping the temperature for
4 h. The reaction liquid was cooled to 50° C., added with 100
g of water, and stirred for 15 min. After being acidified to pH
3-4, the filter cake obtained by filtration was transferred into
a 1 L beaker, added with 200 g of water, stirred evenly,
adjusted to pH 7-7.5 with sodium bicarbonate and filtered,
the filter cake was washed with appropriate amount of water,
the filtrate was retained, and transferred to a clean 1 L
beaker. The resulting filtrate was acidified to pH 3-4 to
precipitate a product. After filtration, the obtained filter cake
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was air-dried at 60° C. to obtain 22.4 g of Compound I-A
with a yield of 87.3% and a purity of 93.14%.

1w
(€]
COOH Na,CO;,
N Cul
n — >
z DMF
N Br
HO
(€]
COOH
(\/ﬁ
P a
N O
[0307] 2-Bromonicotinic acid (20.0 g, 1 equiv.), N,N-

dimethylformamide (20 ml), cuprous iodide (1.9 g, 0.1
equiv.) were added into a 250 mL reaction bottle, stirred and
mixed, and heated to 75° C. to 80° C., and sodium carbonate
(21.0 g, 2 equiv.) and 4-hydroxypropiophenone (29.7 g, 2
equiv.) were added in batches, after the addition was com-
pleted, the temperature was raised to 140° C. to 150° C., and
the reaction was carried out by keeping the temperature for
3 h. The reaction liquid was cooled to 50° C., added with 100
g of water, and stirred for 15 min. After being acidified to pH
3-4, the filter cake obtained by filtration was transferred into
a 1 L beaker, added with 200 g of water, stirred evenly,
adjusted to pH 7-7.5 with sodium bicarbonate and filtered,
the filter cake was washed with appropriate amount of water,
the filtrate was retained, and transferred to a clean 1 L
beaker. The resulting filtrate was acidified to pH 3-4 to
precipitate a product. After filtration, the resulting filter cake
was air-dried at 60° C. to obtain 23.3 g of Compound I-A
with a yield of 86.8% and a purity of 91.32%.

TABLE 1
Halogenated Amount
nicotinic 4-Hydroxyphenyl of Reaction  Yield Purity
No. acid Amount ketone Amount Alkali Amount catalyst Solvent temperature % %
Example la Chorinated 1 Propiophenone 2 Sodium 2 0.1 DMF 115° C. 85.6 97.53
carbonate
1b Chorinated 1 Propiophenone 2 Sodium 2 0.05 DMF 115° C. 855 97.36
carbonate
lc Brominated 1 Propiophenone 2 Sodium 2 0.1 DMF 115° C. 86.0 97.68
carbonate
1d Brominated 1 Butyrophenone 2 Sodium 2 0.1 DMF 115° C. 83.0 97.11
carbonate
le Brominated 1 Propiophenone 2 Potassium 2 0.1 DMF 115° C. 85.1 9744
carbonate
1f Brominated 1 Propiophenone 2 Sodium 2 0.1 DMF 115° C. 80.6 96.87
bicarbonate
1g Brominated 1 Propiophenone 2 Potassium 2 0.1 DMF 115° C. 80.2  96.56
bicarbonate
1h Brominated 1 Propiophenone 2 Sodium 2 0.1 DMF 80° C. 834 9648
carbonate
1i Brominated 1 Propiophenone 2 Sodium 2 0.1 DMF 120° C. 87.0 96.11
carbonate
Comparative 1j Chorinated 1 Propiophenone 1 Sodium 1 0.2 DMF 115° C. 742  93.88
Example carbonate
1k Chorinated 1 Propiophenone 2 Sodium 1 0.2 DMF 115° C. 79.1 9643
carbonate
11 Chorinated 1 Propiophenone 3 Sodium 1 0.2 DMF 115° C. 788  96.57
carbonate
1m  Chorinated 1 Propiophenone 4 Sodium 1 0.2 DMF 115° C. 79.7  95.29
carbonate
1n Chorinated 1 Propiophenone 5 Sodium 1 0.2 DMF 115° C. 789 9511

carbonate
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TABLE 1-continued

Halogenated Amount
nicotinic 4-Hydroxypheny!l of Reaction  Yield Purity
No. acid Amount ketone Amount Alkali Amount catalyst Solvent temperature = % %
lo Chorinated 1 Propiophenone 2 Sodium 2 0.2 DMF 115° C. 859 95.73
carbonate
1p Chorinated 1 Propiophenone 2 Sodium 3 0.2 DMF 115° C. 71.1 9453
carbonate
1q Chorinated 1 Propiophenone 2 Sodium 4 0.2 DMF 115° C. 702 94.17
carbonate
1r Chorinated 1 Propiophenone 2 Sodium 2 0.5 DMF 115° C. 86.1 94.77
carbonate
1s Chorinated 1 Propiophenone 2 Sodium 2 1 DMF 115° C. 873  93.85
carbonate
1t Todinated 1 Propiophenone 2 Sodium 2 0.1 DMF 115° C. 89.4 9198
carbonate
1u Brominated 1 Propiophenone 2 Sodium 2 0.1 DMSO 115° C. 789  96.38
carbonate
1v Brominated 1 Propiophenone 2 Sodium 2 0.1 DMF 135° C. 873 93.14
carbonate
1w Brominated 1 Propiophenone 2 Sodium 2 0.1 DMF 150° C. 86.8 91.32
carbonate

Notes:

Yield = actual yield/theoretical yield x 100%, theoretical yield = (mass of halogenated nicotinic acid/molecular weight of halogenated nicotinic acid) x molecular weight of compound

represented by Formula I.

Preparation Examples 2a to 2d: Preparation of 2-[4-

(2-methoxy-1-methyl-2-oxoethyl) phenoxy]-3-pyri-

dinecarboxylic acid (Compound II-A) and 2-[4-(2-
ethoxy-1-methyl-2-oxoethyl) phenoxy]-3-
pyridinecarboxylic acid (Compound II-B)
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[0309] Compound I-A (20.0 g, 1 equiv.) and trimethyl
orthoformate (60 g) were added into a 250 ml reaction
bottle, stirred and mixed evenly, then the reaction solution
was cooled to 0° C. Concentrated sulfuric acid (11.1 g, 1.5
equiv.) was slowly added dropwise at temperature controlled
at below 10° C., after the dropwise addition, the reaction
solution was stirred for 15 min, then iodobenzene diacetate
(47.5 g, 2 equiv.) was added slowly at temperature con-
trolled at 15° C. to 20° C. within about 10 to 15 min; after
the addition, the reaction solution was stirred at 15° C. to 20°
C. for 15 min. The temperature was lowered to 0° C.,
concentrated sulfuric acid (11.1 g, 1.5 equiv.) was slowly
added dropwise at temperature controlled at below 10° C.
After the dropwise addition of concentrated sulfuric acid, the

temperature was slowly returned to 10° C. to 20° C., and the
reaction was carried out by keeping the temperature for 1
hour. Sodium bicarbonate aqueous solution was added for
neutralization, the water phase after extraction with dichlo-
romethane was retained, and acidified to pH 3-4, after
filtration, the filter cake was washed with water until the
filtrate was nearly neutral, and blow dried at 60° C. to
constant weight to obtain 16.9 g of off-white Compound
II-A with a yield of 76.0% and a purity of 97.34%.
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[0310] Compound I-A (20.0 g, 1 equiv.) and trimethyl
orthoformate (60 g) were added into a 250 ml reaction
bottle, stirred and mixed evenly, then the reaction solution
was cooled to 0° C. Concentrated sulfuric acid (11.1 g, 1.5
equiv.) was slowly added dropwise at temperature controlled
at below 5° C., after the dropwise addition, the reaction
solution was stirred for 15 min, iodobenzene diacetate (47.5
g, 2 equiv.) was slowly added at temperature controlled at 5°
C.to 10° C. within about 10 to 15 min, after the addition was
completed, the reaction solution was stirred at 5° C. to 10°
C. for 15 min. The temperature was lowered to 0° C.,
concentrated sulfuric acid (11.1 g, 1.5 equiv.) was slowly
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added dropwise at temperature controlled at below 10° C.,
after the dropwise addition of concentrated sulfuric acid, the
temperature was controlled at 5° C. to 10° C., and the
reaction was carried out by keeping the temperature for 1 h.
Sodium bicarbonate aqueous solution was added for neu-
tralization, the water phase after extraction with dichlo-
romethane was retained, and acidified to pH 3-4, after
filtration, the filter cake was washed with water until the
filtrate was nearly neutral, and blow dried at 60° C. to
constant weight to obtain 16.1 g of off-white Compound
II-A with a yield of 72.4% and a purity of 96.28%.
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[0311] Compound I-A (20.0 g, 1 equiv.) and trimethyl
orthoformate (60 g) were added into a 250 ml reaction
bottle, stirred and mixed well, then the reaction solution was
cooled to -5° C. Concentrated sulfuric acid (11.1 g, 1.5
equiv.) was slowly added dropwise at temperature controlled
at below -5° C., after the dropwise addition, the reaction
solution was stirred for 15 minutes, iodobenzene diacetate
(47.5 g, 2 equiv.) was slowly added at temperature con-
trolled at =5° C. to 0° C. within about 10 to 15 min, after the
addition, the reaction solution was stirred at =5° C. to 0° C.
for 15 min. The temperature was lowered to -5° C., con-
centrated sulfuric acid (11.1 g, 1.5 equiv.) was slowly added
dropwise at temperature controlled at below -5° C., after the
dropwise addition of concentrated sulfuric acid, the tem-
perature was controlled at -5° C. to 0° C., and the reaction
was carried out by keeping the temperature for 1 h. Sodium
bicarbonate aqueous solution was added for neutralization,
the water phase after extraction with dichloromethane was
retained, and acidified to pH 3-4, after filtration, the filter
cake was washed with water until the filtrate was nearly
neutral, and blow dried at 60° C. to constant weight to obtain
15.9 g of off-white Compound II-A with a yield of 71.6%
and a purity of 95.61%.
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[0312] Compound I-B (50.0 g, 1 equiv.) and trimethyl
orthoformate (150 g) were added into a 500 ml reaction
bottle, stirred and mixed evenly, then the reaction solution
was cooled to 0° C. Concentrated sulfuric acid (26.4 g, 1.5
equiv.) was slowly added dropwise at temperature controlled
at below 10° C., after the dropwise addition, the reaction
solution was stirred for 15 min, iodobenzene diacetate
(113.3 g, 2 equiv.) was slowly added at temperature con-
trolled at 10° C. to 20° C. within about 10 to 15 min, after
the addition, the reaction solution was stirred at 10° C. to 20°
C. for 15 min. The temperature was lowered to 0° C.,
concentrated sulfuric acid (26.4 g, 1.5 equiv.) was slowly
added dropwise at temperature controlled at below 10° C.
After the dropwise addition of concentrated sulfuric acid, the
temperature was slowly returned to 10° C. to 20° C., and the
reaction was carried out by keeping the temperature for 1
hour. Sodium bicarbonate aqueous solution was added for
neutralization, the water phase after extraction with dichlo-
romethane was retained, and acidified to pH 3-4, after
filtration, the filter cake was washed with water until the
filtrate was nearly neutral, and blow dried at 60° C. to
constant weight to obtain 41.5 g of off-white Compound II-B
with a yield of 75.4% and a purity of 96.98%.

Comparative Examples 2e to 2p
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[0314] Compound I-A (20.0 g, 1 equiv.) and trimethyl

orthoformate (200 g) were added into a 500 ml reaction
bottle, stirred and mixed well, then slowly added dropwise
with concentrated sulfuric acid (3.7 g, 0.5 equiv.), after the
dropwise addition, the reaction solution was stirred for 5
min, then iodobenzene diacetate (23.7 g, 1 equiv.) was
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slowly added, after the addition, the reaction solution was
stirred for 15 min. Concentrated sulfuric acid (3.7 g, 0.5
equiv.) was slowly added dropwise, after the dropwise
addition of concentrated sulfuric acid, the temperature was
raised to 105° C. for refluxing, and the reaction was carried
out by keeping the temperature for 1 h. After cooling to room
temperature, sodium bicarbonate aqueous solution was
added for neutralization, the water phase after extraction
with dichloromethane was retained, and acidified to pH 3-4,
the filter cake after filtration was washed with water until the
filtrate was nearly neutral, and blow dried at 60° C. until
constant weight to obtain 16.5 g of off-white Compound
II-A with a yield of 74.5% and a purity of 89.73%.
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[0315] Compound I-A (20.0 g, 1 equiv.) and trimethyl
orthoformate (100 g) were added into a 250 ml reaction
bottle, stirred and mixed well, then slowly added dropwise
with concentrated sulfuric acid (3.7 g, 0.5 equiv.), after the
dropwise addition, the reaction solution was stirred for 5
min, iodobenzene diacetate (23.7 g, 1 equiv.) was slowly
added, and stirred for 15 min after the addition. Concen-
trated sulfuric acid (3.7 g, 0.5 equiv.) was slowly added
dropwise, after the dropwise addition of concentrated sul-
furic acid, the mixture was heated to 70° C. to 75° C. and
reacted by keeping the temperature for 1 hour. After cooling
to room temperature, sodium bicarbonate aqueous solution
was added for neutralization, the water phase after extraction
with dichloromethane was retained, and acidified to pH 3-4,
the filter cake after filtration was washed with water until the
filtrate was nearly neutral, and blow dried at 60° C. until
constant weight to obtain 16.1 g of off-white Compound
II-A with a yield of 72.4% and a purity of 92.86%.
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[0316] Compound I-A (20.0 g, 1 equiv.) and trimethyl
orthoformate (100 g) were added into a 250 ml reaction
bottle, stirred and mixed well, then slowly added dropwise
with concentrated sulfuric acid (3.7 g, 0.5 equiv.), after the
addition, the reaction solution was stirred for 5 min, then
iodobenzene diacetate (23.7 g, 1 equiv.) was added, and
stirred for 15 min after the addition. Concentrated sulfuric
acid (3.7 g, 0.5 equiv.) was slowly added dropwise, and after
the dropwise addition of concentrated sulfuric acid, the
mixture was heated to 45° C. to 50° C. and reacted by
keeping the temperature for 1 hour. After cooling to room
temperature, sodium bicarbonate aqueous solution was
added for neutralization, the water phase after extraction
with dichloromethane was retained, and acidified to pH 3-4,
the filter cake after filtration was washed with water until the
filtrate was nearly neutral, and blow dried at 60° C. until
constant weight to obtain 15.7 g of off-white Compound
II-A with a yield of 70.8% and a purity of 93.16%.
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[0317] Compound I-A (20.0 g, 1 equiv.) and trimethyl

orthoformate (100 g) were added into a 250 ml reaction
bottle, stirred and mixed well, then slowly added dropwise
with concentrated sulfuric acid (3.7 g, 0.5 equiv.), after the
dropwise addition, the reaction solution was stirred for 5
min, then iodobenzene diacetate (47.5 g, 2 equiv.) was
slowly added, and stirred for 15 min after the addition.
Concentrated sulfuric acid (3.7 g, 0.5 equiv.) was slowly
added dropwise, and after the dropwise addition of concen-
trated sulfuric acid, the mixture was heated to 45° C. to 50°
C. and reacted by keeping the temperature for 1 hour. After
cooling to room temperature, sodium bicarbonate aqueous
solution was added for neutralization, the water phase after
extraction with dichloromethane was retained, and acidified
to pH 3-4, the filter cake after filtration was washed with
water until the filtrate was nearly neutral, and blow dried air
at 60° C. until constant weight to obtain 16.0 g of off-white
Compound II-A with a yield of 71.9% and a purity of
93.68%.
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[0318] Compound I-A (20.0 g, 1 equiv.) and trimethyl
orthoformate (100 g) were added into a 250 ml reaction
bottle, stirred and mixed well, then slowly added with
concentrated sulfuric acid (3.7 g, 0.5 equiv.), after the
dropwise addition, the reaction solution was stirred for 5
min, iodobenzene diacetate (71.2 g, 2 equiv.) was slowly
added, and stirred for 15 min after the addition. Concen-
trated sulfuric acid (3.7 g, 0.5 equiv.) was slowly added
dropwise, and after the dropwise addition of concentrated
sulfuric acid, the mixture was heated to 45° C. to 50° C. and
reacted by keeping the temperature for 1 hour. After cooling
to room temperature, sodium bicarbonate aqueous solution
was added for neutralization, the water phase after extraction
with dichloromethane was retained, and acidified to pH 3-4,
the filter cake after filtration was washed with water until the
filtrate was nearly neutral, and blow dried at 60° C. until
constant weight to obtain 15.9 g of off-white Compound
II-A with a yield of 71.7% and a purity of 93.01%.
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[0319] Compound I-A (20.0 g, 1 equiv.) and trimethyl
orthoformate (100 g) were added into a 250 ml reaction
bottle, stirred and mixed well, then slowly added with
concentrated sulfuric acid (7.4 g, 1 equiv.), after the drop-
wise addition, the reaction solution was stirred for 5 min,
iodobenzene acetate (47.5 g, 2 equiv.) was slowly added, and
stirred for 15 min after the addition. Concentrated sulfuric
acid (7.4 g, 1 equiv.) was slowly added dropwise, and after
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the dropwise addition of concentrated sulfuric acid, the
mixture was heated to 45° C. to 50° C. and reacted by
keeping the temperature for 1 h. After cooling to room
temperature, sodium bicarbonate aqueous solution was
added for neutralization, the water phase after extraction
with dichloromethane was retained, and acidified to pH 3-4,
the filter cake after filtration was washed with water until the
filtrate was nearly neutral, and blow dried at 60° C. until
constant weight to obtain 16.1 g of off-white Compound
II-A with a yield of 72.3% and a purity of 94.28%.
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[0320] Compound I-A (20.0 g, 1 equiv.) and trimethyl

orthoformate (100 g) were added into a 250 ml reaction
bottle, stirred and mixed well, then slowly added with
concentrated sulfuric acid (11.1 g, 1.5 equiv.), after the
dropwise addition, the reaction solution was stirred for 5
min, iodobenzene diacetate (47.5 g, 2 equiv.) was slowly
added, and stirred for 15 min after the addition. Concen-
trated sulfuric acid (11.1 g, 1.5 equiv.) was slowly added
dropwise, and after the dropwise addition of concentrated
sulfuric acid, the mixture was heated to 45° C. to 50° C. and
reacted by keeping the temperature for 1 hour. After cooling
to room temperature, sodium bicarbonate aqueous solution
was added for neutralization, the water phase after extraction
with dichloromethane was retained, and acidified to pH 3-4,
the filter cake after filtration was washed with water until the
filtrate was nearly neutral, and blow dried at 60° C. until
constant weight to obtain 16.2 g of off-white Compound
II-A with a yield of 72.9% and a purity of 94.64%.
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[0321] Compound I-A (20.0 g, 1 equiv.) and trimethyl
orthoformate (100 g) were added into a 250 ml reaction
bottle, stirred and mixed well, then slowly added with
concentrated sulfuric acid (14.8 g, 2 equiv.), after the drop-
wise addition, the reaction solution was stirred for 5 min,
iodobenzene acetate (47.5 g, 2 equiv.) was slowly added, and
stirred for 15 min after the addition. Concentrated sulfuric
acid (14.8 g, 2 equiv.) was slowly added dropwise, and after
the dropwise addition of concentrated sulfuric acid, the
mixture was heated to 45° C. to 50° C. and reacted by
keeping the temperature for 1 hour. After cooling to room
temperature, sodium bicarbonate aqueous solution was
added for neutralization, the water phase after extraction
with dichloromethane was retained, and acidified to pH 3-4,
the filter cake after filtration was washed with water until the
filtrate was nearly neutral, and blow dried at 60° C. until
constant weight to obtain 16.1 g of off-white Compound
II-A with a yield of 72.3% and a purity of 93.45%.

2m
0
COOH
AN +
P
N 0
. _AOAc OCH,
~

OAc | Hc—ocH, HCl,
OCH,;

COOH o
AN ~
(L

N O
[0322] Compound I-A (20.0 g, 1 equiv.) and trimethyl
orthoformate (60.0 g) were added into a 250 ml reaction
bottle, stirred and mixed evenly, then slowly added with
hydrochloric acid (30.1 g. 1.5 equiv.), after the dropwise
addition, the reaction solution was stirred for 15 min,
iodobenzene diacetate (47.5 g, 2 equiv.) was slowly added,
and stirred for 15 min after the addition. Hydrochloric acid
(30.1 g, 1.5 equiv.) was slowly added dropwise, and after the
dropwise addition of hydrochloric acid, the mixture was
heated to 45° C. to 50° C. and reacted by keeping the
temperature for 1 h. Sodium bicarbonate aqueous solution
was added for neutralization, the water phase after extraction
with dichloromethane was retained, and acidified to pH 3-4,
the filter cake after filtration was washed with water until the
filtrate was nearly neutral, and blow dried at 60° C. to

constant weight to obtain 14.9 g of off-white Compound
II-A with a yield of 67.1% and a purity of 93.33%.
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[0323] Compound I-A (20.0 g, 1 equiv.) and trimethyl
orthoformate (60.0 g) were added into a 250 ml reaction
bottle, stirred and mixed evenly, then slowly added dropwise
with 85% phosphoric acid (12.8 g, 1.5 equiv.), after the
dropwise addition, the reaction solution was stirred for 15
min, then iodobenzene diacetate (47.5 g, 2 equiv.) was
slowly added, and stirred for 15 min after the addition. 85%
Phosphoric acid (12.8 g, 1.5 equiv.) was slowly added
dropwise, and after the dropwise addition, the mixture was
heated to 45° C. to 50° C., and reacted by keeping the
temperature for 1 h. Sodium bicarbonate aqueous solution
was added for neutralization, the water phase after extraction
with dichloromethane was retained, and acidified to pH 3-4,
the filter cake after filtration was wash with water until the
filtrate was nearly neutral, and blow dried at 60° C. to

constant weight to obtain 14.3 g of off-white Compound
II-A with a yield of 64.5% and a purity of 91.79%.
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[0324] Compound I-A (20.0 g, 1 equiv.) and trimethyl

orthoformate (60.0 g) were added into a 250 ml reaction
bottle, stirred and mixed evenly, then slowly added with
acetic acid (10.8 g, 1.5 equiv.), after the dropwise addition,
the reaction solution was stirred for 15 min, iodobenzene
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diacetate (47.5 g, 2 equiv.) was slowly added, and stirred for
15 min after the addition. Acetic acid (10.8 g, 1.5 equiv.) was
slowly added dropwise, after the dropwise addition, the
mixture was heated to 45° C. to 50° C., and reacted by
keeping the temperature for 1 h. Sodium bicarbonate aque-
ous solution was added for neutralization, the water phase
after extraction with dichloromethane was retained, and
acidified to pH 3-4, the filter cake after filtration was washed
with water until the filtrate was nearly neutral, and blow
dried at 60° C. to constant weight to obtain 12.4 g of
off-white Compound II-A with a yield of 55.7% and a purity
of 88.67%.
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15 minutes. After cooling down to 0° C. to 10° C., concen-
trated sulfuric acid (11.1 g, 1.5 equiv.) was slowly added
dropwise at temperature controlled at below 10° C., after the
dropwise addition of concentrated sulfuric acid, the mixture
was heated to 25° C. to 30° C., and reacted by keeping the
temperature for 1 h. Sodium bicarbonate aqueous solution
was added for neutralization, the water phase after extraction
with dichloromethane was retained, and acidified to pH 3-4,
the filter cake after filtration was washed with water until the
filtrate was nearly neutral, and blow dried at 60° C. to
constant weight to obtain 16.2 g of off-white Compound
II-A with a yield of 73.1% and a purity of 94.96%.

TABLE 2
Amount of
IBX trimethyl Reaction  Yield Purity
No. Intermediate 1 ~ Amount Amount Acid Amount orthoformate temperature % %
Example 2a Compound I-A 1 2 Sulfuric acid 2 3 20° C. 76.0 9734
2b Compound I-A 1 2 Sulfuric acid 2 3 10° C. 724 96.28
2¢ Compound I-A 1 2 Sulfuric acid 2 3 0° C. 71.6  95.61
2d Compound I-B 1 2 Sulfuric acid 2 3 20° C. 754 9698
Comparative 2e Compound I-A 1 1 Sulfuric acid 1 10 105° C. 745  89.73
Example 2f Compound I-A 1 1 Sulfuric acid 1 5 75° C. 724 9286
2g Compound I-A 1 1 Sulfuric acid 1 5 50° C. 70.8  93.16
2h Compound I-A 1 2 Sulfuric acid 1 5 50° C. 71.9 93.68
2i Compound I-A 1 3 Sulfuric acid 1 5 50° C. 71.7  93.01
2j Compound I-A 1 2 Sulfuric acid 2 5 50° C. 723 94.28
2k Compound I-A 1 2 Sulfuric acid 3 5 50° C. 729 94.64
21 Compound I-A 1 2 Sulfuric acid 4 5 50° C. 72.6 9445
2m  Compound I-A 1 2 Hydrochloric 3 5 50° C. 67.1  93.33
acid
2n Compound I-A 1 2 Phosphoric 3 5 50° C. 64.5 91.79
acid
20 Compound I-A 1 2 Acetic acid 3 5 50° C. 557 8R.67
2p Compound I-A 1 2 Sulfuric acid 2 5 30° C. 73.1 9496

Notes:

Yield = actual yield/theoretical yield x 100%, theoretical yield = (mass of compound represented by Formula I/molecular weight of compound represented
by Formula I) x molecular weight of compound represented by Formula IL
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[0325] Compound I-A (20.0 g, 1 equiv.) and trimethyl

orthoformate (60 g) were added into a 250 ml reaction
bottle, stirred and mixed evenly, then the reaction solution
was cooled to 0° C. to 10° C. Concentrated sulfuric acid
(11.1 g, 1.5 equiv.) was slowly added dropwise at tempera-
ture controlled at below 10° C., after the dropwise addition,
the reaction solution was stirred for 15 minutes, iodoben-
zene diacetate (47.5 g, 2 equiv.) was slowly added at
temperature controlled at below 20° C. within about 10 to 15
min, after the addition, the reaction solution was stirred for

Preparation Examples 3a to 3 g: Preparation of
methyl 2-(10-0x0-9-0xa-1-azaanthracen-6-yl)propi-
onate (Compound III-A) and ethyl 2-(10-0x0-9-
oxa-1-azaanthracen-6-yl)propionate (Compound

111-B)
[0326]
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[0327] Compound II-A (20.0 g, 1 equiv.), dichlorometh-
ane (100 ml), N,N-dimethylformamide (0.5 g) were added
into 250 ml reaction bottle A, stirred and mixed, then added
dropwise with oxalyl chloride (12.6 g, 1.5 equiv.) at tem-
perature controlled at 15° C. to 25° C., after the addition, the
temperature was kept for 1 h after the dropwise addition. In
addition, anhydrous aluminum trichloride (17.7 g, 2 equiv.)
and dichloromethane (100 ml) were added into 500 ml
reaction bottle B, stirred and mixed. The acyl chloride
solution in the reaction bottle A was transferred dropwise to
the reaction bottle B at temperature controlled at 15° C. to
25° C., the reaction was carried out by keeping the tem-
perature for 1 to 1.5 h; after the dropwise transferring, the
reaction solution was cooled to -10° C. after the reaction
was completed. The reaction solution was slowly transferred
into cold water to quench at temperature controlled at below
20° C. After the addition, the reaction solution was stirred
for 15 to 30 min, and separated into layers, the dichlo-
romethane phase was retained, the water phase was
extracted with dichloromethane (40 ml), and separated into
layers, then the dichloromethane phases were combined,
adjusted to pH 7-8 with sodium bicarbonate solution, and
separated into layers, and the dichloromethane layer was
washed once with purified water (100 ml). Dichloromethane
was recovered by concentration under reduced pressure;
after the distillate was no longer evaporated, methanol (100
ml) was added for beating at 20° C. to 25° C. for 5 to 6 h,
after filtration, the filter cake was rinsed with methanol, and
blow dried at 45° C. to obtain 16.3 g of Compound III-A
with a yield of 86.8% and a purity of 99.55%.
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[0328] Compound II-A (20.0 g, 1 equiv.), dichlorometh-
ane (100 ml), N,N-dimethylformamide (0.5 g) were added
into 250 ml reaction bottle A, stirred and mixed, then added
dropwise with oxalyl chloride (12.6 g, 1.5 equiv.) at tem-
perature controlled at 15° C. to 25° C., after the dropwise
addition, the temperature was kept at 15° C. to 25° C. for 1
h. In addition, anhydrous aluminum trichloride (26.6 g, 3
equiv.) and dichloromethane (100 ml) were added into 500
ml reaction bottle B, stirred and mixed. The acyl chloride
solution in the reaction bottle A was transferred dropwise to
the reaction bottle B at temperature controlled at 15° C. to
25° C., the reaction was carried out by keeping the tem-
perature for 1 to 1.5 h after the dropwise addition, and the
reaction solution was cooled to -10° C. after the reaction
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was completed. The reaction solution was slowly transferred
into cold water to quench at temperature controlled at below
20° C. After the addition, the reaction solution was stirred
for 15 to 30 min, and separated into layers, the dichlo-
romethane phase was retained, the water phase was
extracted with dichloromethane (40 ml), and separated into
layers, the dichloromethane phases were combined, adjusted
to pH 7-8 with sodium bicarbonate solution, and separated
into layers, and the dichloromethane layer was washed once
with purified water (100 ml), then concentrated under
reduced pressure to recover dichloromethane. When the
distillate was no longer evaporated, methanol (100 ml) was
added for beating at 20° C. to 25° C. for 5 to 6 h, after
filtration, the filter cake was washed with methanol, and
blow dried at 45° C. to obtain 15.8 g of Compound III-A
with a yield of 84.1% and a purity of 99.59%.
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[0329] Compound II-A (20.0 g, 1 equiv.), dichlorometh-
ane (100 ml), N,N-dimethylformamide (0.5 g) were added
into 250 ml reaction bottle A, stirred and mixed, then added
dropwise with oxalyl chloride (12.6 g, 1.5 equiv.) at tem-
perature controlled at 15° C. to 25° C., after the dropwise
addition, the temperature was kept at 15° C. to 25° C. for 1
h. In addition, anhydrous aluminum trichloride (354 g, 4
equiv.) and dichloromethane (100 ml) were added into 500
ml reaction bottle B, stirred and mixed. The acyl chloride
solution in the reaction bottle A was transferred dropwise
into the reaction bottle B at temperature controlled at 15° C.
to 25° C., the reaction was carried out by keeping the
temperature for 1 to 1.5 h, and the reaction solution was
cooled to —10° C. after the reaction was completed. The
reaction solution was slowly transferred into cold water to
quench at temperature controlled at below 20° C. The
reaction solution was stirred for 15 to 30 min after the
addition, and separated into layers, the dichloromethane
phase was retained, the water phase was extracted with
dichloromethane (40 ml), and separated into layers, the
dichloromethane phases were combined, adjusted to pH 7-8
with sodium bicarbonate solution, and separated into layers,
and the dichloromethane layer was washed once with puri-
fied water (100 ml), and concentrated under reduced pres-
sure to recover dichloromethane, when the distillate was no
longer evaporated, methanol (100 ml) was added for beating
at 20° C. to 25° C. for 5 to 6 h, the filter cake after filtration
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was rinsed with methanol, and blow dried at 45° C. to obtain
15.9 g of Compound I11-A with a yield of 84.3% and a purity
of 99.54%.

3d

A O Lcoch,

[0330] Compound II-B (40.0 g, 1 equiv.), dichlorometh-
ane (200 ml), N,N-dimethylformamide (0.9 g) were added
into 500 ml reaction bottle A, stirred and mixed, then added
dropwise with oxalyl chloride (24.2 g, 1.5 equiv.) at tem-
perature controlled at 15° C. to 25° C., and the temperature
was kept at 15° C. to 25° C. for 1 h after the dropwise
addition. In addition, anhydrous aluminum trichloride (33.9
g, 2 equiv.) and dichloromethane (200 ml) were added into
1000 ml reaction bottle B, stirred and mixed. The acyl
chloride solution in the reaction bottle A was transferred
dropwise into the reaction bottle B at temperature controlled
at 15° C. to 25° C., the reaction was carried out by keeping
the temperature for 1 to 1.5 h, and the reaction solution was
cooled to —10° C. after the reaction was completed. The
reaction solution was slowly transferred into cold water to
quench at temperature controlled at below 20° C. The
reaction solution was stirred for 15 to 30 min after the
addition, and separated into layers, the dichloromethane
phase was retained, the water phase was extracted with
dichloromethane (80 ml), and separated into layers, the
dichloromethane phases were combined, adjusted to pH 7-8
with sodium bicarbonate solution, and separated into layers,
and the dichloromethane layer was washed once with puri-
fied water (200 ml), and concentrated under reduced pres-
sure to recover dichloromethane, when the distillate was no
longer evaporated, methanol (200 ml) was added for beating
at 20° C. to 25° C. for 5 to 6 h, the filter cake after filtration
was rinsed with methanol, and blow dried at 45° C. to obtain
32.2 gof Compound II1I-B with a yield of 85.7% and a purity
of 99.26%.

3e
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[0331] Compound II-A (20.0 g, 1 equiv.), dichlorometh-
ane (100 ml), N,N-dimethylformamide (0.5 g) were added
into 250 ml reaction bottle A, stirred and mixed, then added
with thionyl chloride (11.8, 1.5 equiv.) at temperature con-
trolled at 15° C. to 25° C., and the temperature was kept at
15° C. to 25° C. for 1 h after the dropwise addition. In
addition, anhydrous aluminum trichloride (17.7 g, 2 equiv.)
and dichloromethane (100 ml) were added into 500 ml
reaction bottle B, stirred and mixed. The acyl chloride
solution in the reaction bottle A was transferred dropwise
into the reaction bottle B at temperature controlled at 15° C.
to 25° C., the reaction was carried out by keeping the
temperature for 1 to 1.5 h, and the reaction solution was
cooled to —10° C. after the reaction was completed. The
reaction solution was slowly transferred into cold water to
quench at temperature controlled at below 20° C. The
reaction solution was stirred for 15 to 30 min after the
addition, and separated into layers, the dichloromethane
phase was retained, the water phase was extracted with
dichloromethane (40 ml), and separated into layers, the
dichloromethane phases were combined, adjusted to pH 7-8
with sodium bicarbonate solution, and separated into layers,
and the dichloromethane layer was washed once with puri-
fied water (100 ml), and concentrated under reduced pres-
sure to recover dichloromethane, when the distillate was no
longer evaporated, methanol (100 ml) was added for beating
at 20° C. to 25° C. for 5 to 6 h, the filter cake after filtration
was rinsed with methanol, and blow dried at 45° C. to obtain
16.4 g of Compound III-A with a yield of 87.1% and a purity
of 99.67%.
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[0332] Compound II-A (20.0 g, 1 equiv.), dichlorometh-
ane (100 ml), N,N-dimethylformamide (0.5 g) were added
into 250 ml reaction bottle A, stirred and mixed, then added
with thionyl chloride (11.8, 1.5 equiv.) at temperature con-
trolled at 15° C. to 25° C., and the temperature was kept at
15° C. to 25° C. for 1 h after the dropwise addition. In
addition, anhydrous aluminum trichloride (17.7 g, 2 equiv.)
and dichloromethane (100 ml) were added into 500 ml
reaction bottle B, stirred and mixed. The acyl chloride
solution in the reaction bottle A was transferred dropwise
into the reaction bottle B at temperature controlled at 15° C.
to 25° C., the reaction was carried out by keeping the
temperature for 1 to 1.5 h, and the reaction solution was
cooled to —10° C. after the reaction was completed. The
reaction solution was slowly transferred into cold water to
quench at temperature controlled at below 20° C. The
reaction solution was stirred for 15 to 30 min after the
addition, and separated into layers, the dichloromethane
phase was retained, the water phase was extracted with
dichloromethane (40 ml), and separated into layers, the
dichloromethane phases were combined, adjusted to pH 7-8
with sodium bicarbonate solution, and separated into layers,
and the dichloromethane layer was washed once with puri-
fied water (100 ml), and concentrated under reduced pres-
sure to recover dichloromethane, when the distillate was no
longer evaporated, methanol/dichloromethane mixed sol-
vent (100 ml, solvent ratio 1:0.1) was added for beating at
20° C.t0 25° C. for 5 to 6 h, the filter cake after filtration was
rinsed with methanol, and blow dried at 45° C. to obtain 16.1
g of Compound III-A with a yield of 85.6% and a purity of
99.71%.
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[0333] Compound II-A (20.0 g, 1 equiv.), dichlorometh-
ane (100 ml), N,N-dimethylformamide (0.5 g) were added
into 250 ml reaction bottle A, stirred and mixed, then added
with thionyl chloride (11.8, 1.5 equiv.) at temperature con-
trolled at 15° C. to 25° C., and the temperature was kept at
15° C. to 25° C. for 1 h after the dropwise addition. In
addition, anhydrous aluminum trichloride (17.7 g, 2 equiv.)
and dichloromethane (100 ml) were added into 500 ml
reaction bottle B, stirred and mixed. The acyl chloride
solution in the reaction bottle A was transferred dropwise
into the reaction bottle B at temperature controlled at 15° C.
to 25° C., the reaction was carried out by keeping the
temperature for 1 to 1.5 h, and the reaction solution was
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cooled to —10° C. after the reaction was completed. The
reaction solution was slowly transferred into cold water to
quench at temperature controlled at below 20° C. The
reaction solution was stirred for 15 to 30 min after the
addition, and separated into layers, the dichloromethane
phase was retained, the water phase was extracted with
dichloromethane (40 ml), and separated into layers, the
dichloromethane phases were combined, adjusted to pH 7-8
with sodium bicarbonate solution, and separated into layers,
and the dichloromethane layer was washed once with puri-
fied water (100 ml), and concentrated under reduced pres-
sure to recover dichloromethane, when the distillate was no
longer evaporated, methanol/dichloromethane mixed sol-
vent (100 ml, solvent ratio 1:0.2) was added for beating at
(100 ml, solvent ratio 1:0.2) when the distillate no longer
evaporates, beat at 20° C. to 25° C. for 5 to 6 h, the filter cake
after filtration was rinsed with methanol, and blow dried at
45° C. to obtain 15.7 g of Compound III-A with a yield of
83.5% and a purity of 99.73%.

Comparative Examples 3h to 3p

[0334]
3h
COOH 0
X N (cocn,
| —
P (6]
N (6]
COCl o
A ™~ AlCl;
| —
= (6]
N (6]
[0335] Compound II-A (20.0 g, 1 equiv.), dichlorometh-

ane (100 ml), N,N-dimethylformamide (0.5 g) were added
into 250 ml reaction bottle A, stirred and mixed, then added
dropwise with oxalyl chloride (9.3 g, 1.1 equiv.) at tempera-
ture controlled at 15° C. to 25° C., and the temperature was
kept at 15° C. to 25° C. for 1 hour after the dropwise
addition. In addition, anhydrous aluminum trichloride (9.7
g, 1.1 equiv.) and dichloromethane (100 ml) were added into
500 ml reaction bottle B, stirred and mixed. The acyl
chloride solution in the reaction bottle A was transferred
dropwise into the reaction bottle B at temperature controlled
at 15° C. to 25° C., the reaction was carried out by keeping
the temperature for 1 to 1.5 h, and the reaction solution was
cooled to —10° C. after the reaction was completed. The
reaction solution was slowly transferred into cold water to
quench at temperature controlled at below 20° C. The
reaction solution was stirred for 15 to 30 min after the
addition, and separated into layers, the dichloromethane
phase was retained, the water phase was extracted with
dichloromethane (40 ml), and separated into layers, the
dichloromethane phases were combined, adjusted to pH 7-8
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with sodium bicarbonate solution, and separated into layers,
and the dichloromethane layer was washed once with puri-
fied water (100 ml), and concentrated under reduced pres-
sure to recover dichloromethane, when the distillate was no
longer evaporated, methanol (100 ml) was added for beating
at 20° C. to 25° C. for 5 to 6 h, the filter cake after filtration
was rinsed with methanol, and blow dried at 45° C. to obtain
14.4 g of Compound I11-A with a yield of 76.8% and a purity
of 91.26%.

3i
cooH o
x \\~(coah
—_—
= 0
N 0
cocl o
S ~ AlCl;
—_—
= 0
N 0
0
o)
~

[0336] Compound II-A (20.0 g, 1 equiv.), dichlorometh-
ane (100 ml), N,N-dimethylformamide (0.5 g) were added
into 250 ml reaction bottle A, stirred and mixed, then added
dropwise with oxalyl chloride (12.6 g, 1.5 equiv.) at tem-
perature controlled at 15° C. to 25° C., and the temperature
was kept at 15° C. to 25° C. for 1 h after the dropwise
addition. In addition, anhydrous aluminum trichloride (9.7
g, 1.1 equiv.) and dichloromethane (100 ml) were added into
500 ml reaction bottle B, stirred and mixed. The acyl
chloride solution in the reaction bottle A was transferred
dropwise into the reaction bottle B at temperature controlled
at 15° C. to 25° C., the reaction was carried out by keeping
the temperature for 1 to 1.5 h, and the reaction solution was
cooled to —10° C. after the reaction was completed. The
reaction solution was slowly transferred into cold water to
quench at temperature controlled at below 20° C. The
reaction solution was stirred for 15 to 30 min after the
addition, and separated into layers, the dichloromethane
phase was retained, the water phase was extracted with
dichloromethane (40 ml), and separated into layers, the
dichloromethane phases were combined, adjusted to pH 7-8
with sodium bicarbonate solution, and separated into layers,
and the dichloromethane layer was washed once with puri-
fied water (100 ml), and concentrated under reduced pres-
sure to recover dichloromethane, when the distillate was no
longer evaporated, methanol (100 ml) was added for beating
at 20° C. to 25° C. for 5 to 6 h, the filter cake after filtration
was rinsed with methanol, and blow dried at 45° C. to obtain
14.9 g of Compound I11-A with a yield of 79.2% and a purity
of 94.07%.
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3j
cooHn o
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= 0
N 0
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| —
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N 0

[0337] Compound II-A (20.0 g, 1 equiv.), dichlorometh-
ane (100 ml), N,N-dimethylformamide (0.5 g) were added
into 250 ml reaction bottle A, stirred and mixed, then added
dropwise with oxalyl chloride (16.9 g, 2 equiv.) at tempera-
ture controlled at 15° C. to 25° C., and the temperature was
kept at 15° C. to 25° C. for 1 h after the dropwise addition.
In addition, anhydrous aluminum trichloride (9.7 g, 1.1
equiv.) and dichloromethane (100 ml) were added into 500
ml reaction bottle B, stirred and mixed. The acyl chloride
solution in the reaction bottle A was transferred dropwise
into the reaction bottle B at temperature controlled at 15° C.
to 25° C., the reaction was carried out by keeping the
temperature for 1 to 1.5 h, and the reaction solution was
cooled to —10° C. after the reaction was completed. The
reaction solution was slowly transferred into cold water to
quench at temperature controlled at below 20° C. The
reaction solution was stirred for 15 to 30 min after the
addition, and separated into layers, the dichloromethane
phase was retained, the water phase was extracted with
dichloromethane (40 ml), and separated into layers, the
dichloromethane phases were combined, adjusted to pH 7-8
with sodium bicarbonate solution, and separated into layers,
and the dichloromethane layer was washed once with puri-
fied water (100 ml), and concentrated under reduced pres-
sure to recover dichloromethane, when the distillate was no
longer evaporated, methanol (100 ml) was added for beating
at 20° C. to 25° C. for 5 to 6 h, the filter cake after filtration
was rinsed with methanol, and blow dried at 45° C. to obtain
14.8 g of Compound I1I-A with a yield of 78.7% and a purity
of 94.11%.

cooH o

A ~ (COCI),

| — -
,/ 0
N 0
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A ~ AlCl;
| —

= 0
N 0

3k
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[0338] Compound II-A (20.0 g, 1 equiv.), dichlorometh-
ane (100 ml), N,N-dimethylformamide (0.5 g) were added
into 250 ml reaction bottle A, stirred and mixed, then added
dropwise with oxalyl chloride (25.3 g, 3 equiv.) at tempera-
ture controlled at 15° C. to 25° C., and the temperature was
kept at 15° C. to 25° C. for 1 h after the dropwise addition.
In addition, anhydrous aluminum trichloride (9.7 g, 1.1
equiv.) and dichloromethane (100 ml) were added into 500
ml reaction bottle B, stirred and mixed. The acyl chloride
solution in the reaction bottle A was transferred dropwise
into the reaction bottle B at temperature controlled at 15° C.
to 25° C., the reaction was carried out by keeping the
temperature for 1 to 1.5 h, and the reaction solution was
cooled to —10° C. after the reaction was completed. The
reaction solution was slowly transferred into cold water to
quench at temperature controlled at below 20° C. The
reaction solution was stirred for 15 to 30 min after the
addition, and separated into layers, the dichloromethane
phase was retained, the water phase was extracted with
dichloromethane (40 ml), and separated into layers, the
dichloromethane phases were combined, adjusted to pH 7-8
with sodium bicarbonate solution, and separated into layers,
and the dichloromethane layer was washed once with puri-
fied water (100 ml), and concentrated under reduced pres-
sure to recover dichloromethane, when the distillate was no
longer evaporated, methanol (100 ml) was added for beating
at 20° C. to 25° C. for 5 to 6 h, the filter cake after filtration
was rinsed with methanol, and blow dried at 45° C. to obtain
14.7 g of Compound I11-A with a yield of 78.2% and a purity
of 93.84%.

31
cooH o
X \\~(coah
| — -
P> 0
N 0
cocl o
S ™~ AlCl;
| —
= 0
N 0

[0339] Compound II-A (20.0 g, 1 equiv.), dichlorometh-
ane (100 ml), N,N-dimethylformamide (0.5 g) were added
into 250 ml reaction bottle A, stirred and mixed, then added
dropwise with oxalyl chloride (12.6 g, 1.5 equiv.) at tem-
perature controlled at 15° C. to 25° C., and the temperature
was kept at 15° C. to 25° C. for 1 h after the dropwise
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addition. In addition, anhydrous aluminum trichloride (13.3
g, 1.5 equiv.) and dichloromethane (100 ml) were added into
500 ml reaction bottle B, stirred and mixed. The acyl
chloride solution in the reaction bottle A was transferred
dropwise into the reaction bottle B at temperature controlled
at 15° C. to 25° C., the reaction was carried out by keeping
the temperature for 1 to 1.5 h, and the reaction solution was
cooled to —10° C. after the reaction was completed. The
reaction solution was slowly transferred into cold water to
quench at temperature controlled at below 20° C. The
reaction solution was stirred for 15 to 30 min after the
addition, and separated into layers, the dichloromethane
phase was retained, the water phase was extracted with
dichloromethane (40 ml), and separated into layers, the
dichloromethane phases were combined, adjusted to pH 7-8
with sodium bicarbonate solution, and separated into layers,
and the dichloromethane layer was washed once with puri-
fied water (100 ml), and concentrated under reduced pres-
sure to recover dichloromethane, when the distillate was no
longer evaporated, methanol (100 ml) was added for beating
at 20° C. to 25° C. for 5 to 6 h, the filter cake after filtration
was rinsed with methanol, and blow dried at 45° C. to obtain
15.4 g of Compound I1I-A with a yield of 81.8% and a purity
of 98.57%.

3m
COOH o
x \\~(coah
| — -
= 0
N 0
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[0340] Compound II-A (20.0 g, 1 equiv.), dichlorometh-
ane (100 ml), N,N-dimethylformamide (0.5 g) were added
into 250 ml reaction bottle A, stirred and mixed, added
dropwise with oxalyl chloride (12.6 g, 1.5 equiv.) at tem-
perature controlled at 15° C. to 25° C., and the temperature
was kept at 15° C. to 25° C. for 1 h after the dropwise
addition. In addition, anhydrous aluminum trichloride (44.3
g, 5 equiv.) and dichloromethane (100 ml) were added into
500 ml reaction bottle B, stirred and mixed. The acyl
chloride solution in the reaction bottle A was transferred
dropwise into the reaction bottle B at temperature controlled
at 15° C. to 25° C., the reaction was carried out by keeping
the temperature for 1 to 1.5 h, and the reaction solution was
cooled to —10° C. after the reaction was completed. The
reaction solution was slowly transferred into cold water to
quench at temperature controlled at below 20° C. The
reaction solution was stirred for 15 to 30 min after the
addition, and separated into layers, the dichloromethane
phase was retained, the water phase was extracted with
dichloromethane (40 ml), and separated into layers, the
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dichloromethane phases were combined, adjusted to pH 7-8
with sodium bicarbonate solution, and separated into layers,
and the dichloromethane layer was washed once with puri-
fied water (100 ml), and concentrated under reduced pres-
sure to recover dichloromethane, when the distillate was no
longer evaporated, methanol (100 ml) was added for beating
at 20° C. to 25° C. for 5 to 6 h, the filter cake after filtration
was rinsed with methanol, and blow dried at 45° C. to obtain
16.0 g of Compound I11-A with a yield of 85.1% and a purity
of 98.71%.

3n
COOH o
A \\~(coah
—_—
// 0
N 0
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[0341] Compound II-A (20.0 g, 1 equiv.), dichlorometh-
ane (100 ml), N,N-dimethylformamide (0.5 g) were added
into 250 ml reaction bottle A, stirred and mixed, then added
with thionyl chloride (11.8 g, 1.5 equiv.) at temperature
controlled at 15° C. to 25° C., and the temperature was kept
at 15° C. to 25° C. for 1 h after the dropwise addition. In
addition, titanium tetrachloride (25.2 g, 2 equiv.) and dichlo-
romethane (100 ml) were put into 500 ml reaction bottle B,
and stirred and mixed. The acyl chloride solution in the
reaction bottle A was transferred dropwise into the reaction
bottle B at temperature controlled at 15° C. to 25° C., the
reaction was carried out by keeping the temperature for 1 to
1.5 h, and the reaction solution was cooled to =10° C. after
the reaction was completed. The reaction solution was
slowly transferred into cold water to quench at temperature
controlled at below 20° C. The reaction solution was stirred
for 15 to 30 min after the addition, and separated into layers,
the dichloromethane phase was retained, the water phase
was extracted with dichloromethane (40 ml), and separated
into layers, the dichloromethane phases were combined,
adjusted to pH 7-8 with sodium bicarbonate solution, and
separated into layers, and the dichloromethane layer was
washed once with purified water (100 ml), and concentrated
under reduced pressure to recover dichloromethane, when
the distillate was no longer evaporated, methanol (100 ml)
was added for beating at 20° C. to 25° C. for 5 to 6 h, the
filter cake after filtration was rinsed with methanol, and blow
dried at 45° C. to obtain 13.6 g of Compound III-A with a
yield of 72.4% and a purity of 95.43%.
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[0342] Compound II-A (20.0 g, 1 equiv.), dichlorometh-
ane (100 ml), N,N-dimethylformamide (0.5 g) were added
into 250 ml reaction bottle A, stirred and mixed, then added
with thionyl chloride (11.8, 1.5 equiv.) at temperature con-
trolled at 15° C. to 25° C., and the temperature was kept at
15° C. to 25° C. for 1 h after the dropwise addition. In
addition, anhydrous aluminum trichloride (17.7 g, 2 equiv.)
and dichloromethane (100 ml) were added into 500 ml
reaction bottle B, stirred and mixed. The acyl chloride
solution in the reaction bottle A was transferred dropwise
into the reaction bottle B at temperature controlled at 15° C.
to 25° C., the reaction was carried out by keeping the
temperature for 1 to 1.5 h, and the reaction solution was
cooled to —10° C. after the reaction was completed. The
reaction solution was slowly transferred into cold water to
quench at temperature controlled at below 20° C. The
reaction solution was stirred for 15 to 30 min after the
addition, and separated into layers, the dichloromethane
phase was retained, the water phase was extracted with
dichloromethane (40 ml), and separated into layers, the
dichloromethane phases were combined, adjusted to pH 7-8
with sodium bicarbonate solution, and separated into layers,
and the dichloromethane layer was washed once with puri-
fied water (100 ml), and concentrated under reduced pres-
sure to recover dichloromethane, when the distillate was no
longer evaporated, methanol/dichloromethane mixed sol-
vent (100 ml, solvent ratio 1:0.3) was added for beating at
20° C.t0 25° C. for 5 to 6 h, the filter cake after filtration was
rinsed with methanol, and blow dried at 45° C. to obtain 15.0
g of Compound III-A with a yield of 79.9% and a purity of
99.78%.
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[0343] Compound II-A (20.0 g, 1 equiv.), dichlorometh-
ane (100 ml), N,N-dimethylformamide (0.5 g) were added
into 250 ml reaction bottle A, stirred and mixed, then added

41
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separated into layers, the dichloromethane phases were
combined, adjusted to pH 7-8 with sodium bicarbonate
solution, and separated into layers, and the dichloromethane
layer was washed once with purified water (100 ml), and
concentrated under reduced pressure to recover dichlo-
romethane, when the distillate was no longer evaporated,
methanol/dichloromethane mixed solvent (100 ml, solvent
ratio 1:0.4) was added for beating at 20° C. to 25° C. for 5
to 6 h, the filter cake after filtration was rinsed with
methanol, and blow dried at 45° C. to obtain 14.5 g of
Compound III-A with a yield of 77.0% and a purity of
99.81%.

TABLE 3
Acylation Beating/washing ~ Ratio of Yield Purity
No. Intermediate 2 Amount agent Amount Lewis acid Amount solvent solvents % %
Example 3a Compound II-A 1 Oxalyl 1.5  Aluminum 2 Methanol 1 86.8  99.55
chloride trichloride
3b Compound II-A 1 Oxalyl 1.5  Aluminum 3 Methanol 1 84.1  99.59
chloride trichloride
3¢ Compound II-A 1 Oxalyl 1.5  Aluminum 4 Methanol 1 843 99.54
chloride trichloride
3d Compound II-B 1 Oxalyl 1.5  Aluminum 2 Methanol 1 85.7 99.26
chloride trichloride
3e Compound II-A 1 Thionyl 1.5  Aluminum 2 Methanol 1 87.1  99.67
chloride trichloride
3f Compound II-A 1 Thionyl 1.5  Aluminum 2 Methanol/DCM 1:0.1 856 99.71
chloride trichloride
3g Compound II-A 1 Thionyl 1.5  Aluminum 2 Methanol/DCM 1:0.2 835 99.73
chloride trichloride
Comparative 3h Compound II-A 1 Oxalyl 1.1 Aluminum 1.1 Methanol 1 76.8  92.26
Example chloride trichloride
3i Compound II-A 1 Oxalyl 1.5  Aluminum 1.1 Methanol 1 79.2  94.07
chloride trichloride
3j Compound II-A 1 Oxalyl 2 Aluminum 1.1 Methanol 1 787 9411
chloride trichloride
3k Compound II-A 1 Oxalyl 3 Aluminum 1.1 Methanol 1 782 9384
chloride trichloride
31 Compound II-A 1 Oxalyl 1.5  Aluminum 1.5 Methanol 1 81.8 9857
chloride trichloride
3m  Compound II-A 1 Oxalyl 1.5  Aluminum 5 Methanol 1 85.1 9871
chloride trichloride
3n Compound II-A 1 Thionyl 1.5  Titanium 2 Methanol 1 724 9543
chloride tetrachloride
30 Compound II-A 1 Thionyl 1.5  Aluminum 2 Methanol/DCM 1:03 799 99.78
chloride trichloride
3p Compound II-A 1 Thionyl 1.5  Aluminum 2 Methanol/DCM 1:04 77.0 99.81
chloride trichloride
Notes:

Yield = actual yield/theoretical yield x 100%, theoretical yield = (mass of compound represented by Formula II/molecular weight of compound represented by Formula IT) x molecular

weight of compound represented by Formula IIT.

with thionyl chloride (11.8, 1.5 equiv.) at temperature con-
trolled at 15° C. to 25° C., and the temperature was kept at
15° C. to 25° C. for 1 h after the dropwise addition. In
addition, anhydrous aluminum trichloride (17.7 g, 2 equiv.)
and dichloromethane (100 ml) were added into 500 ml
reaction bottle B, stirred and mixed. The acyl chloride
solution in the reaction bottle A was transferred dropwise
into the reaction bottle B at temperature controlled at 15° C.
to 25° C., the reaction was carried out by keeping the
temperature for 1 to 1.5 h, and the reaction solution was
cooled to —10° C. after the reaction was completed. The
reaction solution was slowly transferred into cold water to
quench at temperature controlled at below 20° C. The
reaction solution was stirred for 15 to 30 min, separated into
layers, the dichloromethane phase was retained, the aqueous
phase was extracted with dichloromethane (40 ml), and

Preparation Examples 4a to 4c: Preparation of
methyl 2-(10-hydroxyl-9-oxa-1-azaanthracen-6-yl)
propionate (Compound IV-A) and ethyl 2-(10-hy-

droxyl-9-0x0-1-azaanthracen-6-yl)propionate (Com-
pound IV-B)

[0344]

4a

O NaBH,

MeOH/(CH;),CO
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OH

[0345] Compound III-A (20.0 g, 1 equiv.), dichlorometh-
ane (80 ml) and methanol (80 ml) were added to a 500 ml
reaction flask, stirred for dissolution at 15° C. to 30° C. for
5 to 10 min to obtain a clear solution, slowly added with
sodium borohydride (2.7 g, 1 equiv.) within about 30 min,
the temperature was kept at 25° C. to 30° C. for 8 h, then
lowered to -5° C. to 5° C., 30% acetic acid aqueous solution
was slowly added dropwise to pH5.5-6.5, after the dropwise
addition, the reaction solution was stirred at =5° C. to 5° C.
for 15 minutes, added with purified water (120 ml), stirred
and separated into layers, and the organic phase was sepa-
rated out; the aqueous phase was extracted once with
dichloromethane (40 ml), the dichloromethane phases were
combined, washed once with saturated aqueous sodium
bicarbonate (20 ml); and washed again with purified water
(40 ml). The resulting dichloromethane solution was con-
centrated to dryness (-0.09 Mpa) under reduced pressure at
35° C. to obtain a yellow-green oil (20.0 g), which was
added to a mixed solution of methanol/acetone (50 ml/50
ml), dissolved and dispersed at 25° C. to 30° C. under
stirring for 15 minutes to obtain a yellow-green clear solu-
tion. Purified water (200 ml) was added dropwise for crys-
tallization for 2 hours, the filter cake after suction filtration
was washed with purified water, and dried under vacuum at
40° C. in the dark to obtain 16.4 g of Compound IV-A with
a yield of 81.5% and a purity of 96.72%.

4b

O\ NaBH,

MeOH/(CH;),CO

[0346] Compound III-A (20.0 g, 1 equiv.), dichlorometh-
ane (80 ml) and methanol (80 ml) were added to a 500 ml
reaction flask, stirred for dissolution at 15° C. to 30° C. for
5 to 10 min to obtain a clear solution, slowly added with
sodium borohydride (2.7 g, 1 equiv.) within about 30 min,
after the addition, the temperature was kept at 35° C. to 40°
C. for 6 h, then lowered to =5° C. to 5° C., 30% acetic acid
aqueous solution was slowly added dropwise to pH5.5-6.5,
after the dropwise addition, the reaction solution was stirred
at =5° C. to 5° C. for 15 minutes, added with purified water
(120 ml), stirred and separated into layers, and the organic
phase was separated out; the aqueous phase was extracted
once with dichloromethane (40 ml), the dichloromethane
phases were combined, washed once with saturated aqueous
sodium bicarbonate (20 ml); and washed again with purified
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water (40 ml). The resulting dichloromethane solution was
concentrated to dryness (-0.09 Mpa) under reduced pressure
at 35° C. to obtain a yellow-green oil (20.0 g), which was
added to a mixed solution of methanol/acetone (50 ml/50
ml), dissolved and dispersed at 25° C. to 30° C. under
stirring for 15 minutes to obtain a yellow-green clear solu-
tion. Purified water (200 ml) was added dropwise for crys-
tallization for 2 h, the filter cake after suction filtration was
washed with purified water, and dried under vacuum at 40°
C. in the dark to obtain 16.6 g of Compound IV-A with a
yield of 82.5% and a purity of 98.46%.

O_~ NaBH,

MeOH/(CH;),CO

[0347] Compound III-B (30.0 g, 1 equiv.), dichlorometh-
ane (120 ml) and methanol (120 ml) were added to a 500 ml
reaction flask, stirred for dissolution at 15° C. to 30° C. for
5 to 10 min to obtain a clear solution, slowly added with
sodium borohydride (3.8 g, 1 equiv.) within about 30 min-
utes, after the addition, the temperature was kept at 35° C.
to 40° C. for 6 h, then lowered to =5° C. to 5° C., the reaction
solution was transferred to a 1 L beaker and slowly added
dropwise with 30% acetic acid aqueous solution to pH
5.5-6.5, after the dropwise addition, the reaction solution
was stirred at =5° C. to 5° C. for 15 minutes, added with
purified water (180 ml), stirred and separated into layers, the
organic phase was separated out; the water phase was
extracted once with dichloromethane (60 ml), the dichlo-
romethane phases were combined, washed once with satu-
rated aqueous sodium bicarbonate solution (30 ml); and
washed once again with purified water (60 ml). The obtained
dichloromethane solution was concentrated to dryness (-0.
09 Mpa) under reduced pressure at 35° C. to obtain a
yellow-green oil (30.0 g), which was added to a mixed
solution of methanol/acetone (75 ml/75 ml), dissolved and
dispersed at 20° C. to 30° C. under stirring for 15 minutes
to obtain a yellow-green clear solution. Purified water (300
ml) was slowly added dropwise for crystallization for 2
hours, the filter cake after suction filtration was washed with
purified water, and dried under vacuum at 40° C. in the dark
to obtain 24.1 g of Compound IV-B with a yield of 79.8%
and a purity of 98.77%.

Comparative Examples 4d to 41

[0348]

4d

O NaBH,
(CH3),CO
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[0349] Compound III-A (20.0 g, 1 equiv.), dichlorometh-
ane (80 ml) and methanol (80 ml) were added to a 500 ml
reaction flask, stirred for dissolution at 15° C. to 30° C. for
5 to 10 min to obtain a clear solution, slowly added with
sodium borohydride (1.3 g, 0.5 equiv.) within about 30 min,
after the addition, the temperature was kept at 15° C. to 20°
C. for 12 h, then lowered to =5° C. to 5° C., 30% acetic acid
aqueous solution was slowly added dropwise to pH5.5-6.5,
after the addition, the reaction was stirred at -5° C. to 5° C.
for 15 minutes, added with purified water (120 ml), stirred
and separated into layers, and the organic phase was sepa-
rated out; the aqueous phase was extracted once with
dichloromethane (40 ml), and the dichloromethane phases
were combined, washed once with saturated aqueous
sodium bicarbonate (20 ml); and wash once again with
purified water (40 ml). The resulting dichloromethane solu-
tion was concentrated to dryness (-0.09 Mpa) under reduced
pressure at 35° C. to obtain a yellow-green oil (20.0 g),
which was added into acetone (100 ml), dissolved and
dispersed at 25° C. to 30° C. under stirring for 15 min to
obtain a yellow-green clear solution. Purified water (200 ml)
was added dropwise for crystallization for 2 h, the filter cake
after suction filtration was washed with purified water, and
dried under vacuum at 40° C. in the dark to obtain 15.0 g of
Compound IV-A with a yield of 74.7% and a purity of
89.86%.

4e

O\ NaBH,
(CH3),CO

[0350] Compound III-A (20.0 g, 1 equiv.), dichlorometh-
ane (80 ml) and methanol (80 ml) were added to a 500 ml
reaction flask, stirred for dissolution at 15° C. to 30° C. for
5 to 10 min to obtain a clear solution, slowly added with
sodium borohydride (1.6 g, 0.6 equiv.) within about 30 min,
after the addition, the temperature was kept at 15° C. to 20°
C. for 12 h, then lowered to =5° C. to 5° C., 30% acetic acid
aqueous solution was slowly added dropwise to pH5.5-6.5,
after the dropwise addition, the reaction solution was stirred
at =5° C. to 5° C. for 15 minutes, added with purified water
(120 ml), stirred and separated into layers, and the organic
phase was separated out; the aqueous phase was extracted
once with dichloromethane (40 ml), and the dichlorometh-
ane phases were combined, washed once with saturated
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aqueous sodium bicarbonate (20 ml); and washed once again
with purified water (40 ml). The resulting dichloromethane
solution was concentrated to dryness (-0.09 Mpa) under
reduced pressure at 35° C. to obtain a yellow-green oil (20.0
g), which was added into acetone (100 ml), dissolved and
dispersed at 25° C. to 30° C. under stirring for 15 min to
obtain a yellow-green clear solution. Purified water (200 ml)
was added dropwise for crystallization for 2 hours, the filter
cake after suction filtration was washed with purified water,
and dried under vacuum at 40° C. in the dark to obtain 15.4
g of Compound IV-A with a yield of 76.4% and a purity of
92.58%.

4f

[0351] Compound III-A (20.0 g, 1 equiv.), dichlorometh-
ane (80 ml) and methanol (80 ml) were added to a 500 ml
reaction flask, stirred for dissolution at 15° C. to 30° C. for
5 to 10 min to obtain a clear solution, slowly added with
sodium borohydride (2.7 g, 1 equiv.) within about 30 min,
after the addition, the temperature was kept at 15° C. to 20°
C. for 10 h, then lowered to =5° C. to 5° C., 30% acetic acid
aqueous solution was slowly added dropwise to pH5.5-6.5,
after the dropwise addition, the reaction solution was stirred
at =5° C. to 5° C. for 15 minutes, added with purified water
(120 ml), stirred and separated into layers, and the organic
phase was separated out; the aqueous phase was extracted
once with dichloromethane (40 ml), the dichloromethane
phases were combined, washed once with saturated aqueous
sodium bicarbonate (20 ml); and washed again with purified
water (40 ml). The resulting dichloromethane solution was
concentrated to dryness (-0.09 Mpa) under reduced pressure
at 35° C. to obtain a yellow-green oil (20.0 g), which was
added into acetone (100 ml), dissolved and dispersed at 25°
C. to 30° C. under stirring for 15 min to obtain a yellow-
green clear solution. Purified water (200 ml) was added
dropwise for crystallization for 2 hours, the filter cake after
suction filtration was washed with purified water, and dried
under vacuum at 40° C. in the dark to obtain 16.4 g of
Compound IV-A with a yield of 81.4% and a purity of
94.86%.

4g

O
~ NaBH,
MeOH
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-continued
OH

[0352] Compound III-A (20.0 g, 1 equiv.), dichlorometh-
ane (80 ml) and methanol (80 ml) were added to a 500 ml
reaction flask, stirred for dissolution at 15° C. to 30° C. for
5 to 10 min to obtain a clear solution, slowly added with
sodium borohydride (2.7 g, 1 equiv.) within about 30 min,
after the addition, the temperature was kept at 15° C. to 20°
C. for 10 h, then lowered to =5° C. to 5° C., 30% acetic acid
aqueous solution was slowly added dropwise to pH5.5-6.5,
after the dropwise addition, the reaction solution was stirred
at =5° C. to 5° C. for 15 minutes, added with purified water
(120 ml), stirred and separated into layers, and the organic
phase was separated out; the aqueous phase was extracted
once with dichloromethane (40 ml), the dichloromethane
phases were combined, washed once with saturated aqueous
sodium bicarbonate (20 ml); and washed again with purified
water (40 ml). The obtained dichloromethane solution was
concentrated to dryness (-0.09 Mpa) under reduced pressure
at 35° C. to obtain a yellow-green oil (20.0 g), which was
added into methanol (100 ml), dissolved and dispersed at
25° C. to 30° C. under stirring for 15 min to obtain a
yellow-green clear solution. Purified water (200 ml) was
added dropwise for crystallization for 2 hours, the filter cake
after suction filtration was washed with purified water, and
dried under vacuum at 40° C. in the dark to obtain 17.8 g of
Compound IV-A with a yield of 83.5% and a purity of
93.97%.

4h
o)
N
McOH
(CH;),CO

[0353] Compound III-A (20.0 g, 1 equiv.), dichlorometh-
ane (80 ml) and methanol (80 ml) were added to a 500 ml
reaction flask, stirred for dissolution at 15° C. to 30° C. for
5 to 10 min to obtain a clear solution, slowly added with
sodium borohydride (2.7 g, 1 equiv.) within about 30 min,
after the addition, the temperature was kept at 15° C. to 20°
C. for 10 h, then lowered to =5° C. to 5° C., 30% acetic acid
aqueous solution was slowly added dropwise to pH5.5-6.5,
after the dropwise addition, the reaction solution was stirred
at =5° C. to 5° C. for 15 minutes, added with purified water
(120 ml), stirred and separated into layers, and the organic
phase was separated out; the aqueous phase was extracted
once with dichloromethane (40 ml), the dichloromethane
phases were combined, washed once with saturated aqueous
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sodium bicarbonate (20 ml); and washed again with purified
water (40 ml). The obtained dichloromethane solution was
concentrated to dryness (-0.09 Mpa) under reduced pressure
at 35° C. to obtain a yellow-green oil (20.0 g), which was
added to a mixed solution of methanol/acetone (50 ml/50
ml), dissolved and dispersed at 25° C. to 30° C. under
stirring for 15 minutes to obtain a yellow-green clear solu-
tion. Purified water (200 ml) was added dropwise for crys-
tallization for 2 h, the filter cake after suction filtration was
washed with purified water, and dried under vacuum at 40°
C. in the dark to obtain 16.3 g of Compound IV-A with a
yield of 81.0% and a purity of 95.23%.

4i
O
KB
NORBR L
MeOH
(CH;),CO

[0354] Compound III-A (20.0 g, 1 equiv.), dichlorometh-
ane (80 ml) and methanol (80 ml) were added to a 500 ml
reaction flask, stirred for dissolution at 15° C. to 30° C. for
5 to 10 min to obtain a clear solution, slowly added with
potassium borohydride (3.8 g, 1 equiv.) within about 30 min,
after the addition, the temperature was kept at 15° C. to 20°
C. for 10 h, then lowered to =5° C. to 5° C., 30% acetic acid
aqueous solution was slowly added dropwise to pH5.5-6.5,
after the dropwise addition, the reaction solution was stirred
at =5° C. to 5° C. for 15 minutes, added with purified water
(120 ml), stirred and separated into layers, and the organic
phase was separated out; the aqueous phase was extracted
once with dichloromethane (40 ml), the combined dichlo-
romethane phases were combined, washed once with satu-
rated aqueous sodium bicarbonate (20 ml); and washed
again with purified water (40 ml). The obtained dichlo-
romethane solution was concentrated to dryness (-0.09
Mpa) under reduced pressure at 35° C. to obtain a yellow-
green oil (20.0 g), which was added to a mixed solution of
methanol/acetone (50 ml/50 ml), dissolved and dispersed at
25° C. to 30° C. under stirring for 15 minutes to obtain a
yellow-green clear solution. Purified water (200 ml) was
slowly added dropwise for crystallization for 2 h, the filter
cake after suction filtration was washed with purified water,
and dried under vacuum at 40° C. in the dark to obtain 16.1
g of Compound IV-A with a yield of 80.0% and a purity of
95.28%.

4

(0] .
_ LiBH;
MeOH
(CH3),CO
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-continued

[0355] Compound III-A (20.0 g, 1 equiv.), dichlorometh-
ane (80 ml) and methanol (80 ml) were added to a 500 ml
reaction flask, stirred for dissolution at 15° C. to 30° C. for
5 to 10 min to obtain a clear solution, slowly added with
lithium borohydride (3.8 g, 1 equiv.) within about 30 min,
after the addition, the temperature was kept at 15° C. to 20°
C. for 10 h, then lowered to =5° C. to 5° C., 30% acetic acid
aqueous solution was slowly added dropwise to pH5.5-6.5,
after the dropwise addition, the reaction solution was stirred
at =5° C. to 5° C. for 15 minutes, added with purified water
(120 ml), stirred and separated into layers, and the organic
phase was separated out; the aqueous phase was extracted
once with dichloromethane (40 ml), the dichloromethane
phases were combined, washed once with saturated aqueous
sodium bicarbonate (20 ml); and washed again with purified
water (40 ml). The obtained dichloromethane solution was
concentrated to dryness (-0.09 Mpa) under reduced pressure
at 35° C. to obtain a yellow-green oil (20.0 g), which was
added to a mixed solution of methanol/acetone (50 ml/50
ml), dissolved and dispersed at 25° C. to 30° C. under
stirring for 15 minutes to obtain a yellow-green clear solu-
tion. Purified water (200 ml) was added dropwise for crys-
tallization for 2 hours, the filter cake after suction filtration
was washed with purified water, and dried under vacuum at
40° C. in the dark to obtain 15.9 g of Compound IV-A with
a yield of 78.7% and a purity of 94.03%.
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4k
O_ NaBIL
—_— »
McOH
(CH3),CO

[0356] Compound III-A (20.0 g, 1 equiv.), dichlorometh-
ane (80 ml) and methanol (80 ml) were added to a 500 ml
reaction flask, stirred for dissolution at 15° C. to 30° C. for
5 to 10 min to obtain a clear solution, slowly added with
sodium borohydride (3.8 g, 1 equiv.) within about 30 min,
after the addition, the temperature was kept at 20° C. to 25°
C. for 8 h, then lowered to -=5° C. to 5° C., 30% acetic acid
aqueous solution was slowly added dropwise to pH5.5-6.5,
after the dropwise addition, the reaction solution was stirred
at =5° C. to 5° C. for 15 minutes, added with purified water
(120 ml), stirred and separated into layers, and the organic
phase was separated out; the aqueous phase was extracted
once with dichloromethane (40 ml), the dichloromethane
phases were combined, washed once with saturated aqueous
sodium bicarbonate (20 ml); and washed again with purified
water (40 ml). The obtained dichloromethane solution was
concentrated to dryness (-0.09 Mpa) under reduced pressure
at 35° C. to obtain a yellow-green oil (20.0 g), which was
added to a mixed solution of methanol/acetone (50 ml/50
ml), dissolved and dispersed at 25° C. to 30° C. under
stirring for 15 minutes to obtain a yellow-green clear solu-
tion. Purified water (200 ml) was added dropwise for crys-
tallization for 2 hours, the filter cake after suction filtration
was washed with purified water, and dried under vacuum at
40° C. in the dark to obtain 16.4 g of Compound IV-A with
a yield of 81.5% and a purity of 95.86%.

TABLE 4
Reducing Solvent for Reaction Yield Purity
No. Intermediate 3 Amount agent Amount crystallization temperature, ° C. % %
Example 4a Compound III-A 1 Sodium 1 Methanol/acetone 25-30 81.5 96.72
borohydride
4b Compound III-A 1 Sodium 1 Methanol/acetone 35-40 82.5 9846
borohydride
4c Compound III-B 1 Sodium 1 Methanol/acetone 35-40 79.8  98.77
borohydride
Comparative 4d Compound III-A 1 Sodium 0.5 Acetone 15-20 747  89.86
Example borohydride
4de Compound III-A 1 Sodium 0.6  Acetone 15-20 764  92.58
borohydride
4f Compound III-A 1 Sodium 1 Acetone 15-20 81.5 94.86
borohydride
4g Compound III-A 1 Sodium 1 Methanol 15-20 83.5 9397
borohydride
4h Compound III-A 1 Sodium 1 Methanol/acetone 15-20 81.0 95.23
borohydride
4i Compound III-A 1 Potassium 1 Methanol/acetone 15-20 80.0 95.28
borohydride
4j Compound III-A 1 Lithium 1 Methanol/acetone 15-20 787 94.03

borohydride
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TABLE 4-continued

Reducing Solvent for Reaction Yield Purity
No. Intermediate 3 Amount agent Amount crystallization temperature, © C. % %
4k Compound III-A 1 Sodium 1 Methanol/acetone 20-25 815 95.86
borohydride

Notes:

Yield = actual yield/theoretical yield x 100%, theoretical yield = (mass of compound represented by Formula IIl/molecular weight of compound represented

by Formula III) x molecular weight of compound represented by Formula IV,

Preparation Examples 5a to 5 g: Preparation of
Pranoprofen

[0357]

Sa

1) NaOH
—_—
2) AcOH

[0358] Compound IV-A (20.0 g, 1 equiv.), hydrochloric
acid (24.8 g, 3.5 equiv.), isopropanol (240 ml) were added
into a 250 ml reaction flask, stirred for dissolution and
heated to 80° C. to 85° C. for reaction under refluxing for 2
h, and concentrated at 55° C. under reduced pressure until no
distillate was distilled off to obtain a foamy oil (24 g). After
cooling to room temperature, methanol (10 ml) was added,
stirred for dissolution, then added with a sodium hydroxide
solution prepared with sodium hydroxide (11.2 g, 4 equiv.)
and purified water (40 ml), and reacted at 50° C. to 55° C.
for 2 h. The reaction solution was transferred to a 500 ml
beaker, added with purified water (300 ml), then the aqueous
phase was extracted with ethyl acetate (100 ml) 4 times,
after the aqueous phase was separated out, it was adjusted
with 20% acetic acid aqueous solution to pH 5-6, and
gradually precipitated a white powdery solid. The filter cake
after filtration was rinsed with purified water and cold
methanol in turn, and dried in vacuum at 40° C. to obtain
14.3 g of crude pranoprofen with a yield of about 79.9% and
a purity of 99.62%. The crude product of pranoprofen was
recrystallized with methanol to obtain a finished product of
pranoprofen with a purity of >99.9% and a single impurity
content of less than 0.05%.

5b

~ | DNaOH
2) AcOH

[0359] Compound IV-A (20.0 g, 1 equiv.), hydrochloric
acid (24.8 g, 3.5 equiv.), isopropanol (240 ml) were added
into a 250 ml reaction flask, stirred for dissolution and
heated to 60° C. to 65° C. for reaction for 2.5 h, and
concentrated at 55° C. under reduced pressure until no
distillate was distilled off to obtain a foamy oil (24 g). After
cooling to room temperature, methanol (10 ml) was added,
stirred for dissolution, then added with a sodium hydroxide
solution prepared with sodium hydroxide (11.2 g, 4 equiv.)
and purified water (40 ml), and reacted at 50° C. to 55° C.
for 2 h. The reaction solution was transferred to a 500 ml
beaker, added with purified water (300 ml), then the aqueous
phase was extracted with ethyl acetate (100 ml) 4 times,
after the aqueous phase was separated out, it was adjusted
with 20% acetic acid aqueous solution to pH 5-6, and
gradually precipitated a white powdery solid. The filter cake
after filtration was rinsed with purified water and cold
methanol in turn, and dried in vacuum at 40° C. to obtain
14.4 g of crude pranoprofen with a yield of about 80.5% and
a purity of 99.27%. The crude product of pranoprofen was
recrystallized with methanol to obtain a finished product of
pranoprofen with a purity of >99.9% and a single impurity
content of less than 0.05%.

5S¢
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-continued

1) NaOH
B —
2) AcOH

[0360] Compound IV-A (20.0 g, 1 equiv.), hydrochloric
acid (24.8 g, 3.5 equiv.), isopropanol (240 ml) were added
into a 250 ml reaction flask, stirred for dissolution and
heated to 70° C. to 75° C. for reaction for 2.5 h, and
concentrated at 55° C. under reduced pressure until no
distillate was distilled off to obtain a foamy oil (24 g). After
cooling to room temperature, methanol (10 ml) was added,
stirred for dissolution, then added with a sodium hydroxide
solution prepared with sodium hydroxide (11.2 g, 4 equiv.)
and purified water (40 ml), and reacted at 50° C. to 55° C.
for 2 h. The reaction solution was transferred to a 500 ml
beaker, added with purified water (300 ml), then the aqueous
phase was extracted with ethyl acetate (100 ml) 4 times,
after the aqueous phase was separated out, it was adjusted
with 20% acetic acid aqueous solution to pH 5-6, and
gradually precipitated a white powdery solid. The filter cake
after filtration was rinsed with purified water and cold
methanol in turn, and dried in vacuum at 40° C. to obtain
14.3 g of crude pranoprofen with a yield of about 79.9% and
a purity of 99.48%. The crude product of pranoprofen was
recrystallized with methanol to obtain a finished product of
pranoprofen with a purity of >99.9% and a single impurity
content of less than 0.05%.

5d

1) KOH
—_—
2) AcOH

[0361] Compound IV-A (20.0 g, 1 equiv.), hydrochloric
acid (24.8 g, 3.5 equiv.), isopropanol (240 ml) were added
into a 250 ml reaction flask, stirred for dissolution and
heated to 80° C. to 85° C. for reaction under refluxing for 2
h, and concentrated at 55° C. under reduced pressure until no
distillate was distilled off to obtain a foamy oil (24 g). After
cooling to room temperature, methanol (10 ml) was added,
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stirred for dissolution, then added with a potassium hydrox-
ide solution prepared with potassium hydroxide (15.7 g, 4
equiv.) and purified water (40 ml), and reacted at 50° C. to
55° C. for 2 h. The reaction solution was transferred to a 500
ml beaker, added with purified water (300 ml), then the
aqueous phase was extracted with ethyl acetate (100 ml) 4
times, after the aqueous phase was separated out, it was
adjusted with 20% acetic acid aqueous solution to pH 5-6,
and gradually precipitated a white powdery solid. The filter
cake after filtration was rinsed with purified water and cold
methanol in turn, and dried in vacuum at 40° C. to obtain
14.2 g of crude pranoprofen with a yield of about 79.4% and
a purity of 99.63%. The crude product of pranoprofen was
recrystallized with methanol to obtain a finished product of
pranoprofen with a purity of >99.9% and a single impurity
content of less than 0.05%.

Se

1) NaOH
—_—
2) AcOH

[0362] Compound IV-A (20.0 g, 1 equiv.), hydrochloric
acid (24.8 g, 3.5 equiv.), isopropanol (240 ml) were added
into a 250 ml reaction flask, stirred for dissolution and
heated to 80° C. to 85° C. for reaction under refluxing for 2
h, and concentrated at 55° C. under reduced pressure until no
distillate was distilled off to obtain a foamy oil (24 g). After
cooling to room temperature, methanol (10 ml) was added,
stirred for dissolution, then added with a sodium hydroxide
solution prepared with sodium hydroxide (11.2 g, 4 equiv.)
and purified water (40 ml), and reacted at 40° C. to 45° C.
for 2 h. The reaction solution was transferred to a 500 ml
beaker, added with purified water (300 ml), then the aqueous
phase was extracted with ethyl acetate (100 ml) 4 times,
after the aqueous phase was separated out, it was adjusted
with 20% acetic acid aqueous solution to pH 5-6, and
gradually precipitated a white powdery solid. The filter cake
after filtration was rinsed with purified water and cold
methanol in turn, and dried in vacuum at 40° C. to obtain
14.6 g of crude pranoprofen with a yield of about 81.6% and
a purity of 99.68%. The crude product of pranoprofen was
recrystallized with methanol to obtain a finished product of
pranoprofen with a purity of >99.9% and a single impurity
content of less than 0.05%.
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5f

1) NaOH
—_—
2) HCl

[0363] Compound IV-A (20.0 g, 1 equiv.), hydrochloric
acid (24.8 g, 3.5 equiv.), isopropanol (240 ml) were added
into a 250 ml reaction flask, stirred for dissolution and
heated to 80° C. to 85° C. for reaction under refluxing for 2
h, and concentrated at 55° C. under reduced pressure until no
distillate was distilled off to obtain a foamy oil (24 g). After
cooling to room temperature, methanol (10 ml) was added,
stirred for dissolution, then added with a sodium hydroxide
solution prepared with sodium hydroxide (11.2 g, 4 equiv.)
and purified water (40 ml), and reacted at 40° C. to 45° C.
for 2 h. The reaction solution was transferred to a 500 ml
beaker, added with purified water (300 ml), then the aqueous
phase was extracted with ethyl acetate (100 ml) 4 times,
after the aqueous phase was separated out, it was adjusted
with 10% dilute hydrochloric acid to pH 5-6, and gradually
precipitated a white powdery solid. The filter cake after
filtration was rinsed with purified water and cold methanol
in turn, and dried in vacuum at 40° C. to obtain 14.6 g of
crude pranoprofen with a yield of about 81.6% and a purity
of 99.67%. The crude product of pranoprofen was recrys-
tallized with methanol to obtain a finished product of
pranoprofen with a purity of >99.9% and a single impurity
content of less than 0.05%.

5g

O\/

1) NaOH
e E—
2) HCl
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[0364] Compound IV-B (20.0 g, 1 equiv.), hydrochloric
acid (23.8 g, 3.5 equiv.), isopropanol (240 ml) were added
into a 250 ml reaction flask, stirred for dissolution, heated to
80° C. to 85° C. for reaction under refluxing for 2 h, and
concentrated at 55° C. under reduced pressure until no
distillate was distilled off to obtain a foamy oil (24 g). After
cooling to room temperature, methanol (10 ml) was added,
stirred for dissolution, then added with a sodium hydroxide
solution prepared with sodium hydroxide (10.7 g, 4 equiv.)
and purified water (40 ml), and reacted at 40° C. to 45° C.
for 2 h. The reaction solution was transferred to a 500 ml
beaker, added with purified water (300 ml), then the water
phase was extracted with ethyl acetate (100 ml) for 4 times,
after the water phase was separated out, it was adjusted with
10% dilute hydrochloric acid to pH 5-6, and gradually
precipitated a white powdery solid. The filter cake after
filtration was rinsed with purified water and cold methanol
in turn, and dried in vacuum at 40° C. to obtain 13.6 g of
crude pranoprofen with a yield of about 79.5% and a purity
of 99.62%. The crude product of pranoprofen was recrys-
tallized with methanol to obtain a finished product of
pranoprofen with a purity of >99.9% and a single impurity
content of less than 0.05%.

Comparative Examples Sh to 5t

[0365]

5h
HCl

—_—
i-PrOH

~ | DNeoH
2) AcOH

[0366] Compound IV-A (20.0 g, 1 equiv.), hydrochloric
acid (10.6 g, 1.5 equiv.), isopropanol (240 ml) were added
into a 250 ml reaction flask, stirred for dissolution, heated to
50° C. to 55° C. for reaction for 4 h, and concentrated at 55°
C. under reduced pressure until no distillate was distilled off
to obtain a foamy oil (24 g). After cooling to room tem-
perature, methanol (10 ml) was added, stirred for dissolu-
tion, then added with a sodium hydroxide solution prepared
with sodium hydroxide (11.2 g, 4 equiv.) and purified water
(40 ml), and reacted at 50° C. to 55° C. for 2 h. The reaction
solution was transferred to a 500 ml beaker, added with
purified water (300 ml), then the aqueous phase was
extracted with ethyl acetate (100 ml) 4 times, after the
aqueous phase was separated out, it was adjusted with 20%
acetic acid aqueous solution to pH 5-6, and gradually
precipitated a white powdery solid. The filter cake after
filtration was rinsed with purified water and cold methanol
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in turn, and dried in vacuum at 40° C. to obtain 13.1 g of
crude pranoprofen with a yield of about 73.2% and a purity
of 97.76%.

5i

HCli-PrOH

1) NaOH
P e
2) AcOH

[0367] Compound IV-A (20.0 g, 1 equiv.), isopropanol
hydrogen chloride (29.0 g, 13.2 wt. %, 1.5 equiv.), isopro-
panol (208 ml) were added to a 250 ml reaction flask, stirred
for dissolution, heated to 50° C. to 55° C. for reaction for 4
h, then concentrated under reduced pressure at 55° C. until
no distillate was distilled off to obtain a foamy oil (24 g).
After cooling to room temperature, methanol (10 ml) was
added, stirred for dissolution, then added with a sodium
hydroxide solution prepared with sodium hydroxide (11.2 g,
4 equiv.) and purified water (40 ml), and reacted at 50° C.
to 55° C. for 2 h. The reaction solution was transferred to a
500 ml beaker, added with purified water (300 ml), then the
aqueous phase was extracted with ethyl acetate (100 ml) 4
times, after the aqueous phase was separated out, it was
adjusted with 20% acetic acid aqueous solution to pH 5-6,
and gradually precipitated a white powdery solid. The filter
cake after filtration was rinsed with purified water and cold
methanol in turn, and dried in vacuum at 40° C. to obtain
13.1 g of crude pranoprofen with a yield of about 73.2% and
a purity of 97.78%.

B

HCl
i-PrOH

1) NaOH
—_—
2) AcOH
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[0368] Compound IV-A (20.0 g, 1 equiv.), hydrochloric
acid (14.2 g, 2 equiv.), and isopropanol (240 ml) were added
into a 250 ml reaction flask, stirred for dissolution, heated to
50° C. to 55° C. for reaction for 4 hours, then concentrated
at 55° C. under reduced pressure until no distillate was
distilled off to obtain a foamy oil (24 g). After cooling to
room temperature, methanol (10 ml) was added, stirred for
dissolution, then added with a sodium hydroxide solution
prepared with sodium hydroxide (11.2 g, 4 equiv.) and
purified water (40 ml), and reacted at 50° C. to 55° C. for 2
h. The reaction solution was transferred to a 500 ml beaker,
added with purified water (300 ml), then the aqueous phase
was extracted with ethyl acetate (100 ml) 4 times, after the
aqueous phase was separated out, it was adjusted with 20%
acetic acid aqueous solution to pH 5-6, and gradually
precipitated a white powdery solid. The filter cake after
filtration was rinsed with purified water and cold methanol
in turn, and dried in vacuum at 40° C. to obtain 13.3 g of
crude pranoprofen with a yield of about 74.3% and a purity
of 98.12%.

Sk

HCl
i-PrOH

1) NaOH
—_—
2) AcOH

[0369] Compound IV-A (20.0 g, 1 equiv.), hydrochloric
acid (17.7 g, 2.5 equiv.), isopropanol (240 ml) were added
into a 250 ml reaction flask, stirred for dissolution and
heated to 50° C. to 55° C. for reaction for 4 h, and
concentrated at 55° C. under reduced pressure until no
distillate was distilled off to obtain a foamy oil (24 g). After
cooling to room temperature, methanol (10 ml) was added,
stirred for dissolution, then added with a sodium hydroxide
solution prepared with sodium hydroxide (11.2 g, 4 equiv.)
and purified water (40 ml), and reacted at 50° C. to 55° C.
for 2 h. The reaction solution was transferred to a 500 ml
beaker, added with purified water (300 ml), then the aqueous
phase was extracted with ethyl acetate (100 ml) 4 times,
after the aqueous phase was separated out, it was adjusted
with 20% acetic acid aqueous solution to pH 5-6, and
gradually precipitated a white powdery solid. The filter cake
after filtration was rinsed with purified water and cold
methanol in turn, and dried in vacuum at 40° C. to obtain
13.6 g of crude pranoprofen with a yield of about 76.0% and
a purity of 98.63%.
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HCl
i-PrOH

1) NaOH
P e
2) AcOH

[0370] Compound IV-A (20.0 g, 1 equiv.), hydrochloric
acid (24.8 g, 3.5 equiv.), isopropanol (240 ml) were added
into a 250 ml reaction flask, stirred for dissolution and
heated to 50° C. to 55° C. for reaction for 4 h, and
concentrated at 55° C. under reduced pressure until no
distillate was distilled off to obtain a foamy oil (24 g). After
cooling to room temperature, methanol (10 ml) was added,
stirred for dissolution, then added with a sodium hydroxide
solution prepared with sodium hydroxide (11.2 g, 4 equiv.)
and purified water (40 ml), and reacted at 50° C. to 55° C.
for 2 h. The reaction solution was transferred to a 500 ml
beaker, added with purified water (300 ml), then the aqueous
phase was extracted with ethyl acetate (100 ml) 4 times,
after the aqueous phase was separated out, it was adjusted
with 20% acetic acid aqueous solution to pH 5-6, and
gradually precipitated a white powdery solid. The filter cake
after filtration was rinsed with purified water and cold
methanol in turn, and dried in vacuum at 40° C. to obtain
13.7 g of crude pranoprofen with a yield of about 76.6% and
a purity of 98.77%.

Sm

HCl
—_—
i-PrOH

1) Na2C03
2) AcOH

[0371] Compound IV-A (20.0 g, 1 equiv.), hydrochloric
acid (24.8 g, 3.5 equiv.), isopropanol (240 ml) were added
into a 250 ml reaction flask, stirred for dissolution and
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heated to 80° C. to 85° C. for reaction under refluxing for 2
h, and concentrated at 55° C. under reduced pressure until no
distillate was distilled off to obtain a foamy oil (24 g). After
cooling to room temperature, methanol (10 ml) was added,
stirred for dissolution, then added with a sodium carbonate
solution prepared with sodium carbonate (29.7 g, 4 equiv.)
and purified water (40 ml), and reacted at 50° C. to 55° C.
for 2 h. The reaction solution was transferred to a 500 ml
beaker, added with purified water (300 ml), then the aqueous
phase was extracted with ethyl acetate (100 ml) 4 times,
after the aqueous phase was separated out, it was adjusted
with 20% acetic acid aqueous solution to pH 5-6, and
gradually precipitated a white powdery solid. The filter cake
after filtration was rinsed with purified water and cold
methanol in turn, and dried in vacuum at 40° C. to obtain
13.9 g of crude pranoprofen with a yield of about 77.7% and
a purity of 98.79%.

S5n

HCl
i-PrOH

1) K>CO;3
2) AcOH

[0372] Compound IV-A (20.0 g, 1 equiv.), hydrochloric
acid (24.8 g, 3.5 equiv.), isopropanol (240 ml) were added
into a 250 ml reaction flask, stirred for dissolution and
heated to 80° C. to 85° C. for reaction under refluxing for 2
h, and concentrated at 55° C. under reduced pressure until no
distillate was distilled off to obtain a foamy oil (24 g). After
cooling to room temperature, methanol (10 ml) was added,
stirred to dissolve, then added with a potassium carbonate
solution prepared with potassium carbonate (38.8 g, 4
equiv.) and purified water (40 ml), and reacted at 50° C. to
55° C. for 2 h. The reaction solution was transferred to a 500
ml beaker, added with purified water (300 ml), then the
aqueous phase was extracted with ethyl acetate (100 ml) 4
times, after the aqueous phase was separated out, it was
adjusted with 20% acetic acid aqueous solution to pH 5-6,
and gradually precipitated a white powdery solid. The filter
cake after filtration was rinsed with purified water and cold
methanol in turn, and dried in vacuum at 40° C. to obtain
13.8 g of crude pranoprofen with a yield of about 77.1% and
a purity of 98.92%.
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S0

HCl
i-PrOH

1) NaOH
P e
2) AcOH

[0373] Compound IV-A (20.0 g, 1 equiv.), hydrochloric
acid (24.8 g, 3.5 equiv.), isopropanol (240 ml) were added
into a 250 ml reaction flask, stirred for dissolution and
heated to 80° C. to 85° C. for reaction under refluxing for 2
h, and concentrated at 55° C. under reduced pressure until no
distillate was distilled off to obtain a foamy oil (24 g). After
cooling to room temperature, methanol (10 ml) was added,
stirred for dissolution, then added with a sodium hydroxide
solution prepared with sodium hydroxide (11.2 g, 4 equiv.)
and purified water (40 ml), and reacted at 60° C. to 65° C.
for 2 h. The reaction solution was transferred to a 500 ml
beaker, added with purified water (300 ml), then the aqueous
phase was extracted with ethyl acetate (100 ml) 4 times,
after the aqueous phase was separated out, it was adjusted
with 20% acetic acid aqueous solution to pH 5-6, and
gradually precipitated a white powdery solid. The filter cake
after filtration was rinsed with purified water and cold
methanol in turn, and dried in vacuum at 40° C. to obtain
14.0 g of crude pranoprofen with a yield of about 78.2% and
a purity of 98.86%.

5p

HCl
i-PrOH

Oct. 17,2024

[0374] Compound IV-A (20.0 g, 1 equiv.), hydrochloric
acid (24.8 g, 3.5 equiv.), isopropanol (240 ml) were added
into a 250 ml reaction flask, stirred for dissolution and
heated to 80° C. to 85° C. for reaction under refluxing for 2
h, and concentrated at 55° C. under reduced pressure until no
distillate was distilled off to obtain a foamy oil (24 g). After
cooling to room temperature, methanol (10 ml) was added,
stirred for dissolution, then added with a sodium hydroxide
solution prepared with sodium hydroxide (11.2 g, 4 equiv.)
and purified water (40 ml), and reacted at 40° C. to 45° C.
for 2 h. The reaction solution was transferred to a 500 ml
beaker, added with purified water (300 ml), then the aqueous
phase was extracted with ethyl acetate (100 ml) 4 times,
after the aqueous phase was separated out, it was adjusted
with 10% dilute sulfuric acid to pH 5-6, and gradually
precipitated a white powdery solid. The filter cake after
filtration was rinsed with purified water and cold methanol
in turn, and dried in vacuum at 40° C. to obtain 13.7 g of
crude pranoprofen with a yield of about 76.6% and a purity
of 98.81%.

59

HCl
i-PrOH

1) Na2C03
2) H3PO,

[0375] Compound IV-A (20.0 g, 1 equiv.), hydrochloric
acid (24.8 g, 3.5 equiv.), isopropanol (240 ml) were added
into a 250 ml reaction flask, stirred for dissolution and
heated to 80° C. to 85° C. for reaction under refluxing for 2
h, and concentrated at 55° C. under reduced pressure until no
distillate was distilled off to obtain a foamy oil (24 g). After
cooling to room temperature, methanol (10 ml) was added,
stirred for dissolution, then added with a sodium hydroxide
solution prepared with sodium hydroxide (11.2 g, 4 equiv.)
and purified water (40 ml), and reacted at 40° C. to 45° C.
for 2 h. The reaction solution was transferred to a 500 ml
beaker, added with purified water (300 ml), then the aqueous
phase was extracted with ethyl acetate (100 ml) 4 times,
after the aqueous phase was separated out, it was adjusted
with 10% dilute phosphoric acid to pH 5-6, and gradually
precipitated a white powdery solid. The filter cake after
filtration was rinsed with purified water and cold methanol
in turn, and dried in vacuum at 40° C. to obtain 13.9 g of
crude pranoprofen with a yield of about 77.7% and a purity
of 98.64%.
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Sr

HCl
i-PrOH

1) NaOH
P e
2) AcOH

[0376] Compound IV-A (20.0 g, 1 equiv.), hydrochloric
acid (24.8 g, 3.5 equiv.), isopropanol (240 ml) were added
into a 250 ml reaction flask, stirred for dissolution and
heated to 80° C. to 85° C. for reaction under refluxing for 2
h, and concentrated at 55° C. under reduced pressure until no
distillate was distilled off to obtain a foamy oil (24 g). After
cooling to room temperature, methanol (10 ml) was added,
stirred for dissolution, then added with a sodium hydroxide
solution prepared with sodium hydroxide (11.2 g, 4 equiv.)
and purified water (40 ml), and reacted at 40° C. to 45° C.
for 2 h. The reaction solution was transferred to a 500 ml
beaker, added with purified water (300 ml), then the aqueous
phase was extracted with ethyl acetate (100 ml) 4 times,
after the aqueous phase was separated out, it was adjusted
with 10% dilute hydrochloric acid to pH 4-5, and gradually
precipitated a white powdery solid. The filter cake after
filtration was rinsed with purified water and cold methanol
in turn, and dried in vacuum at 40° C. to obtain 14.7 g of
crude pranoprofen with a yield of about 82.1% and a purity
of 98.74%.

5s

HCl
i-PrOH

1) NaOH
—_—
2) AcOH

Oct. 17,2024

[0377] Compound IV-A (20.0 g, 1 equiv.), hydrochloric
acid (24.8 g, 3.5 equiv.), isopropanol (240 ml) were added
into a 250 ml reaction flask, stirred for dissolution and
heated to 80° C. to 85° C. for reaction under refluxing for 2
h, and concentrated at 55° C. under reduced pressure until no
distillate was distilled off to obtain a foamy oil (24 g). After
cooling to room temperature, methanol (10 ml) was added,
stirred for dissolution, then added with a sodium hydroxide
solution prepared with sodium hydroxide (11.2 g, 4 equiv.)
and purified water (40 ml), and reacted at 40° C. to 45° C.
for 2 h. The reaction solution was transferred to a 500 ml
beaker, added with purified water (300 ml), then the aqueous
phase was extracted with ethyl acetate (100 ml) 4 times,
after the aqueous phase was separated out, it was adjusted
with 10% dilute hydrochloric acid to pH 6-7, and gradually
precipitated a white powdery solid. The filter cake after
filtration was rinsed with purified water and cold methanol
in turn, and dried in vacuum at 40° C. to obtain 13.3 g of
crude pranoprofen with a yield of about 74.3% and a purity
of 99.77%.

5t

HCl
i-PrOH

1) NaOH
—_—
2) AcOH

[0378] Compound IV-A (20.0 g, 1 equiv.), hydrochloric
acid (24.8 g, 3.5 equiv.), isopropanol (240 ml) were added
into a 250 ml reaction flask, stirred for dissolution and
heated to 80° C. to 85° C. for reaction under refluxing for 2
h, and concentrated at 55° C. under reduced pressure until no
distillate was distilled off to obtain a foamy oil (24 g). After
cooling to room temperature, methanol (10 ml) was added,
stirred for dissolution, then added with a sodium hydroxide
solution prepared with sodium hydroxide (11.2 g, 4 equiv.)
and purified water (40 ml), and reacted at 40° C. to 45° C.
for 2 h. The reaction solution was transferred to a 500 ml
beaker, added with purified water (300 ml), then the aqueous
phase was extracted with ethyl acetate (100 ml) 4 times,
after the aqueous phase was separated out, it was adjusted to
pH 3-4 with 10% dilute hydrochloric acid, and gradually
precipitated a white powdery solid. The filter cake after
filtration was rinsed with purified water and cold methanol
in turn, and dried in vacuum at 40° C. to obtain 15.0 g of
crude pranoprofen with a yield of about 83.8% and a purity
of 98.53%.
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TABLE 5
Reduction Hydrolysis
Inter- Reducing temper- temper- pH Yield Purity
No. mediate 4 Amount agent Amount ature  Alkali Amount ature  Acid value % %
Example Sa IV-A 1 Isopropanol 3.5 80-85° C. Sodium 4 50-55° C. Acetic acid 5-6 799  99.62
hydrochloride hydroxide
5b IV-A 1 Isopropanol 3.5 60-65° C. Sodium 4 50-55° C. Acetic acid 5-6 805 99.27
hydrochloride hydroxide
5S¢ IV-A 1 Isopropanol 3.5 70-75° C. Sodium 4 50-55° C. Acetic acid 5-6 799 9948
hydrochloride hydroxide
5d IV-A 1 Isopropanol 3.5 80-85° C. Potassium 4 50-55° C. Acetic acid 5-6 794 99.63
hydrochloride hydroxide
Se IV-A 1 Isopropanol 3.5 80-85° C. Sodium 4 40-45° C. Acetic acid 5-6 8l.6 99.68
hydrochloride hydroxide
5f IV-A 1 Isopropanol 3.5 80-85° C. Sodium 4 40-45° C. Hydrochloric  5-6  81.6  99.67
hydrochloride hydroxide acid
5g IV-B 1 Isopropanol 3.5 80-85° C. Sodium 4 40-45° C. Hydrochloric  5-6  79.5  99.62
hydrochloride hydroxide acid
Compar-  5h IV-A 1 Isopropanol 1.5 50-55° C. Sodium 4 50-55° C. Acetic acid 5-6 732 9776
ative hydrochloride hydroxide
Example 5i IV-A 1 Isopropanol- 1.5 50-55° C. Sodium 4 50-55° C. Acetic acid 5-6 732 9778
hydrogen hydroxide
chloride
55 IV-A 1 Isopropanol 2 50-55° C. Sodium 4 50-55° C. Acetic acid 5-6 743  9R.12
hydrochloride hydroxide
S5k IV-A 1 Isopropanol 2.5 50-55° C. Sodium 4 50-55° C. Acetic acid 5-6 760  98.63
hydrochloride hydroxide
51 IV-A 1 Isopropanol 3.5 50-55° C. Sodium 4 50-55° C. Acetic acid 5-6 766 98.77
hydrochloride hydroxide
Sm IV-A 1 Isopropanol 3.5 80-85° C. Sodium 4 50-55° C. Acetic acid 5-6 777  98.79
hydrochloride carbonate
5n IV-A 1 Isopropanol 3.5 80-85° C. Potassium 4 50-55° C. Acetic acid 5-6 771 98.92
hydrochloride carbonate
50 IV-A 1 Isopropanol 3.5 80-85° C. Sodium 4 60-65° C. Acetic acid 5-6 782 98.86
hydrochloride hydroxide
5p IV-A 1 Isopropanol 3.5 80-85° C. Sodium 4 40-45° C. Sulfuric acid  5-6 76.6  98.81
hydrochloride hydroxide
5q IV-A 1 Isopropanol 3.5 80-85° C. Sodium 4 40-45° C. Phosphoric 5-6 777 98.64
hydrochloride hydroxide acid
5r IV-A 1 Isopropanol 3.5 80-85° C. Sodium 4 40-45° C. Hydrochloric  4-5 82.1 98.74
hydrochloride hydroxide acid
Ss IV-A 1 Isopropanol 3.5 80-85° C. Sodium 4 40-45° C. Hydrochloric  6-7 743  99.77
hydrochloride hydroxide acid
5t IV-A 1 Isopropanol 3.5 80-85° C. Sodium 4 40-45° C. Hydrochloric  3-4  83.8  98.53
hydrochloride hydroxide acid

Optimum total yield = multiplication of optimal yields of steps = 0.86 x 0.76 x 0.871 x 0.825 x 0.816 x 100% = 38.3% (for the optimal yield, purity was taken into account)

Notes:

Yield = actual yield/theoretical yield x 100%, theoretical yield = (mass of compound represented by Formula IV/molecular weight of compound represented by Formula IV) x molecular

weight of compound represented by Formula 0.

Experimental Example 1: Structural
Characterization

[0379] The pranoprofen sample was synthesized accord-
ing to the process described above in the present invention,
and the synthesis process of this batch of sample was carried
out according to the preparation conditions of 1a, 2¢, 3c, 4b,
and Sa. Standard product of pranoprofen was purchased
directly from the Chinese National Institute for Food and
Drug Control.

[0380]
[0381]

Structural confirmation was carried out.

Compound element composition:

(1) High Resolution Mass Spectrometry (HRMS)

[0382]
MS).

[0383]

Instrument model: Bruker SolariX 7.0T (FT-ICR

Test conditions: ESI ionization mode.

[0384] Test results: as shown in FIG. 1. The results
showed that the quasi-molecular ion peak m/z 254.081876
in the high-resolution mass spectrum was the [M-H]™ peak,
and the corresponding element composition was
C,sH,,NO;, so the element composition of the sample was
C,sH,;NO;, which was consistent with the element com-
position of the free base moiety of the molecule.

(2) Infrared Spectrum (IR)

[0385] Instrument model: Bruker IFS-55 infrared photom-
eter (corrected according to the General Rule 0402 of the
Chinese Pharmacopoeia, 2015 edition).

[0386] Experimental method: KBr tablet method.

[0387] Experimental results: The measured data were
shown in Table 6 below. The standard infrared spectrum was
shown in FIG. 2A. The infrared spectrum of the sample was
shown in FIG. 2B.
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TABLE 6
Infrared spectrum determination data of sample

Absorption peak wave Absorption
number (cm™!) Vibration type Group intensity
3427.6 —O—H stretching vibration COOH W
2983.9, 2942.9, 2883.9  methyl, methylene C—H stretching CH;, CH, w

vibration
1706.7 Carboxylic acid carbonyl C=0 =0 s

stretching vibration
1608.6, 1584.3, 1499.5  Benzene ring C—C stretching vibration C—C m
1451.9, 1436.1, 1408.7, Methylmethylene C—H bending CH;, CH, s
1369.1 vibration
804.0 Benzene ring C—C bending vibration ~C=—C W
767.8 Benzene ring C-H bending vibration —C—H m
Analysis: dissolution and diluted to 100 ml as a mother liquor; 10 ml

[0388] a. The absorption peak at 3427.6 cm™' was of the above mother liquor was taken, added with water for

—O—H stretching vibration peak, indicating that there
could be a carboxyl group in the molecule.

[0389] b. The absorption peaks at 2968.2, 2943.1,
2881.9 and 1465~1376 cm™" were C—H stretching and
bending vibration peaks, indicating that there could be
a methyl group and methylene group in the molecule.

[0390] c. The absorption peak at 1706.7 cm™ was
C—0O stretching vibration peak, indicating that there
could be a carbonyl group in the molecule.

dilution to 100 ml as a neutral test sample.

[0395]
with 1 mol/LL hydrochloric acid solution for dilution to 100

10 ml of the above mother liquor was taken, added

ml as an acidic test sample; 10 ml of the above mother liquor
was taken, added with 1 mol/LL sodium hydroxide solution
for dilution to 100 ml as an alkaline test sample. The test
results were shown in Table 7 below and in FIGS. 3A to 3F.

TABLE 7

UV measurement results of sample and standard product

Molar absorption coefficient (Abs)

Maximum absorption wavelength

Solvent Sample Reference Sample Reference
‘Water 309.98 304.98 0.552 0.542
279.99 279.99 0.335 0.330
245.01 245.01 0.544 0.539
0.1M hydrochloric 309.98 309.98 0.568 0.554
acid solution 279.99 279.99 0.335 0.328
245.01 245.01 0.558 0.547
0.1M sodium 275.01 275.01 0.568 0.561
hydroxide solution 245.01 245.01 0.617 0.606
210.01 210.01 3.260 3.291
[0391] d. The abSOI‘ptiOIl peaks at 1608.6, 1584.3, and [0396] Ana]ysis: The peak shape and maximum absorp-

1499.5 em™! were C—=C stretching vibration peaks of
benzene ring, 767.8 cm™ was C—H bending vibration
peak of benzene ring, and 804.0 cm™' was C—C
bending vibration peak of benzene ring, indicating that
there was a benzene ring in the molecule.
[0392] Conclusion: The positions, peak shapes and
strengths of absorption peaks of functional groups in the
infrared spectrum of the sample were consistent with the
molecular structure of pranoprofen; the infrared spectrum of
the sample was consistent with that of the reference sub-
stance, and was consistent with the corresponding spectrum
of the Japanese Pharmacopoeia, JP17 version.

(3) Ultraviolet Spectrum (UV)

[0393] Instrument model: Agilent cary-60 UV spectrom-
eter
[0394] Solution preparation: 0.02 g of this sample was

taken, added to 1 mol/lL hydrochloric acid solution for

tion wavelength of the sample in the UV spectrum of the
sample were consistent with those of the reference sub-
stance.

[0397] Conclusion: The ultraviolet absorption of the
sample was consistent with the molecular structure of pra-
noprofen; and the ultraviolet spectrum of the sample was
consistent with that of the reference substance.

(4) Nuclear Magnetic Resonance (NMR)

[0398] 'H-NMR

[0399] Instrument model: Bruker AV-600 nuclear mag-
netic resonance instrument.

[0400] Test conditions: solvent DMSO-d6, TMS internal
standard.
[0401] The test data were shown in Table 8 below.
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[0408] The 1H at 88.13 ppm was the hydrogen on the
2-position pyridine ring.

[0409]
the 10-position methylene.

The 2H singlet at 84.11 ppm was the hydrogen on

[0410] The 1H quartet at 83.66 ppm was the 15-position
isopropyl hydrogen, which was coupled with the 17-position
methyl hydrogen, and was quartet due to splitting.

Analysis of NMR H spectrum data of sample

Chemical shift

The 3H doublet at 81.36 ppm was the 17-position
methyl hydrogen, which was coupled with the 15-position
isopropyl hydrogen, and was doublet due to splitting.

Conclusion: The "H-NMR spectrum data of the

Sample Standard Hydrogen Peak
No. ppm ppm number shape Assignment
1 1.36 1.36 3 d 17-position methyl hydrogen atom
2 3.66 3.66 1 q 15-position isopropyl hydrogen atom
3 4.11 4.11 2 s 10-position methylene hydrogen atom
4 8.13 8.13 1 m 2-position pyridine ring hydrogen atom
5 7.72 7.72 1 m 4-position pyridine ring hydrogen atom
6 7.15 7.15 1 m 3-position pyridine ring hydrogen atom
7 7.18 7.18 1 m S-position benzene ring hydrogen atom
8 7.16 7.16 1 m 7-position benzene ring hydrogen atom
9 7.09 7.08 1 d 8-position benzene ring hydrogen atom
10 12.34 12.31 1 s 10-position carboxyl hydrogen atom
Analysis: [0411]
[0402] The single peak at 812.34 ppm was carboxyl
hydrogen.
[0412]
[0403] The 1H at 87.09 ppm was the hydrogen on the

8-position of the benzene ring.

[0404] The 1H at 87.16 ppm was the hydrogen on the
7-position of the benzene ring.

[0405] The 1H at 87.18 was the hydrogen on the 5-posi-
tion of the benzene ring.

[0406] The 1H at 87.15 ppm was the hydrogen on the
3-position of the pyridine ring.

[0407] The 1H at 87.72 ppm was the hydrogen on the
4-position of the pyridine ring.

sample was consistent with the structure of pranoprofen, and
the spectrum of the sample was consistent with that of the
reference substance.

[0413] *C-NMR

[0414] Instrument model: Bruker AV-600 nuclear mag-
netic resonance instrument.

[0415] Test conditions: solvent DMSO-d6, TMS internal
standard.
[0416] The test data were shown in Table 9 below.

TABLE 9

Analysis of NMR C spectrum data of sample

Chemical Chemical shift

shit  (ppm)
Chemical shift (ppm) Remotely
ppm Correlated correlated
No. Sample Standard Carbon type Assignment  proton proton
1 175.39 175.24  Quaternary carbon 16 — 1.36, 3.66
2 157.83 157.79 Quaternary carbon 11 — 4.11,7.72, 8.13
3 150.03 149.97 Quaternary carbon 14 — 4.11, 7.09, 7.16,
7.18
4 136.71 136.63  Quaternary carbon 6 — 1.36, 3.66, 7.09
5 120.00 119.92  Quaternary carbon 13 — 4.11, 7.09
6 115.62 115.53  Quaternary carbon 12 — 4.11, 7.15
7 146.26 146.17  Tertiary carbon 2 8.13  7.72,7.15,4.11
8  138.89 138.76  Tertiary carbon 4 772 8.13,4.11
9 127.79 127.68  Tertiary carbon 5 7.18  4.11, 3.66
10 127.01 126.91  Tertiary carbon 7 7.16  7.18, 3.66
11 120.27 120.15  Tertiary carbon 3 715 411
12 11641 116.31 Tertiary carbon 8 7.09  —
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TABLE 9-continued

Analysis of NMR C spectrum data of sample

Chemical Chemical shift

shit  (ppm)
Chemical shift (ppm) Remotely
ppm Correlated correlated
No. Sample Standard Carbon type Assignment proton  proton
13 27.19 27.14  Tertiary carbon 15 3.66 7.18,7.16
14 43.94 43.88  Secondary carbon 10 4.11 7.16, 1.36
15 18.54 18.44  Primary carbon 17 136  3.66

Analysis:

[0417] The molecule of pranoprofen contains 15 carbon
atoms, including 1 primary carbon, 1 secondary carbon, 7
tertiary carbons, and 6 quaternary carbons; and contains 13
hydrogen atoms, and the analysis was as follows:

[0418] 1. The carbon at 8175.39 ppm was quaternary
carbon atom, which was related to the hydrogen atoms
on the 15- and 17-position carbons in the HMBC
spectrum, and could be determined as the 16-position
carboxyl carbon.

[0419] 2. The carbon at 8157.83 ppm was quaternary
carbon atom, which was related to the pyridine ring
hydrogen atoms on the 2-position and 4-position and
the hydrogen atoms on the 10-position methylene in the
HMBC spectrum, and could be determined as the
11-position oxygen-linked pyridine ring carbon.

[0420] 3. The carbon at 8150.03 ppm was quaternary
carbon atom, which was related to the benzene ring
hydrogen atoms on the 5-position, 7-position, 8-posi-
tion and the hydrogen atoms on the 10-position meth-
ylene carbon in the HMBC spectrum, and could be
determined as the 14-position oxygen-linked benzene
ring carbon.

[0421] 4. The carbon at 8136.71 ppm was quaternary
carbon atom, which was related to the hydrogen on the
7-position benzene ring carbon, the hydrogen on the
15-position isopropyl carbon, and the hydrogen on the
17-position methyl in the HMBC spectrum, and could
be determined as the 6-position benzene ring carbon.

[0422] 5. The carbon at 8120.00 ppm was quaternary
carbon atom, which was related to the hydrogen on the
8-position benzene ring carbon and the hydrogen on the
10-position methylene carbon in the HMBC spectrum,
and could be determined as the 14-position benzene
ring carbon.

[0423] 6. The carbon at 8115.62 ppm was quaternary
carbon atom, which was related to the hydrogen on the
4-position pyridine ring carbon and the hydrogen on the
10-position methylene carbon in the HMBC spectrum,
and could be determined as the 12-position pyridine
ring carbon.

[0424] 7. The carbon at 8146.26 ppm was tertiary
carbon atom, which was related to the hydrogen on the
2-position pyridine ring carbon in the HSQC spectrum,
and related to the hydrogen atoms on the 3-position and
4-position pyridine ring carbon atoms in the HMBC
spectrum, and could be determined as the 2-position
pyridine ring carbon.

[0425] 8. The carbon at 0138.89 ppm was tertiary
carbon atom, which was related to the hydrogen on the

4-position pyridine ring carbon in the HSQC spectrum,
and related to the hydrogen on the 2-position pyridine
ring carbon and the hydrogen on the 10-position meth-
ylene carbon in the HMBC spectrum, and could be
determined as the 4-position pyridine ring carbon.

[0426] 9. The carbon at 8127.79 ppm was tertiary
carbon atom, which was related to the hydrogen on the
5-position benzene ring carbon in the HSQC spectrum,
and related to the 10-position methylene hydrogen and
the 15-position isopropyl hydrogen in the HMBC spec-
trum, and could be determined as the 5-position ben-
zene ring carbon.

[0427] 10. The carbon at 8127.01 ppm was tertiary
carbon atom, which was related to the hydrogen on the
7-position benzene ring carbon in the HSQC spectrum,
and related to the hydrogen on the 5-position benzene
ring carbon and the 15-position isopropyl hydrogen in
the HMBC spectrum, and could be determined as the
7-position benzene ring carbon.

[0428] 11. The carbon at 8120.27 ppm was tertiary
carbon atom, which was related to the hydrogen on the
3-position pyridine ring carbon in the HSQC spectrum,
and related to the 10-position methylene hydrogen in
the HMBC spectrum, and could be determined as the
3-position pyridine ring carbon.

[0429] 12. The carbon at 8116.41 ppm was tertiary
carbon atom, which was related to the hydrogen on the
8-position benzene ring carbon in the HSQC spectrum,
and related to no hydrogen in the HMBC spectrum, and
could be determined as the 8-position benzene ring
carbon.

[0430] 13. The carbon at 827.19 ppm was tertiary
carbon atom, which was related to the hydrogen on the
15-position isopropyl carbon in the HSQC spectrum,
and related to the hydrogen atoms on the S-position and
7-position benzene ring carbons in the HMBC spec-
trum, and could be determined as the 15-position
isopropyl carbon.

[0431] 14. The carbon at 843.94 ppm was secondary
carbon atom, which was related to the 10-position
methylene hydrogen in the HSQC spectrum, and could
be determined as the 10-position methylene carbon.

[0432] 15. The carbon at 818.54 ppm was primary
carbon atom, which was related to the hydrogen on the
17-position methyl carbon in the HSQC spectrum, and
related to the 15-position isopropyl hydrogen in the
HMBC spectrum, and could be determined as the
17-position methyl carbon.
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[0433] Conclusion: The **C-NMR spectrum data of the
sample was consistent with the structure of pranoprofen, and
the spectrum of the sample was consistent with that of the
reference substance.

Summary:

[0434] (1) The measurement results of IR, UV, NMR,
and MS of this sample were consistent with those of the
reference substance, and thus they were compounds of
the same structure and the same crystal form, that was,
this sample was pranoprofen.

[0435] (2) The sample m/z 295201619 measured by
high-resolution mass spectrometry was the [M-H]|~
peak, and the corresponding element composition was
C,sH,,NO;, so the element composition of the sample
was C,sH,;NO;, which was consistent with the struc-
ture of the organic base moiety in the molecule.

[0436] (3) The UV spectrum showed strong absorption
peaks at 260 to 270 nm, the IR spectrum showed
absorption peaks at 1591.9 cm™, 1521.1 cm™, 804.0
cm™" and 767.8 cm™, the "H-NMR spectrum showed
absorption peaks at 87.30 ppm, 67.25 ppm, 66.87 ppm,
and the >*C-NMR spectrum showed absorption peaks
at 118.14 ppm, 8113.35 ppm and 6109.91 ppm, indi-
cating that there was a three-substituted benzene ring
structural fragment.

[0437] (4) The absorption peak at 1706.7 cm™" in the IR
spectrum and the absorption peak at 8175.39 ppm in the
13C-NMR spectrum indicated the presence of carbonyl
structural fragment.

[0438] In summary, the molecular structure of the sample
was consistent with that of pranoprofen.

Experimental Example 2: Study on Stability

1. Experimental Samples

[0439] According to the process of the present invention,
three scale-up batches in kilogram-scale were prepared
under optimal experimental conditions, and named as
20190101, 20190201, and 20190202, respectively. The three
batches were products prepared in independent batches, the
synthesis process was carried out according to the prepara-
tion conditions of la, 2c, 3c, 4b, and 5a, and they were
obtained by refining and purifying with methanol (i.e.,
methanol recrystallization). The products of the three
batches had purity of 99.91%, 99.90% and 99.95%, respec-
tively.

2. Experimental Method

[0440] In accordance with the relevant regulations in the
“Technical Guidelines for Stability Research of Chemical
Drugs”, the samples of the above three batches were taken
and tested for 6 months under the conditions of 40° C.x2° C.
and RH 75%=5%. And at the end of the 07, 1%, 2% 3" and
6” months of the experiment, the samples were taken for the
detection of indicators.

Chromatographic Conditions:

[0441] The experiment was carried out according to the
high performance liquid chromatography (the General Rule
0512 of the Chinese Pharmacopoeia, 2015 edition), in which
octadecylsilane bonded silica gel was used as filler (5 pm,
250 mmx4.6 mm); 0.05 mol/LL sodium perchlorate aqueous
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solution-methanol (90:10, adjusted to pH 3.2 by adding
perchloric acid) was used as mobile phase A, methanol was
used as mobile phase B, and gradient elution was carried out
according to the table below, flow rate was 1.0 ml/min,
column temperature was 40° C., and detection wavelength
was 275 nm. The elution procedure was shown in Table 10
below.

TABLE 10

Elution procedure

Time Mobile phase A Mobile phase B
0 80 20
40 55 45
60 45 55

[0442] 10 pl of the test solution was precisely taken and
injected into the liquid chromatograph. If there were impu-
rity peaks in the chromatogram of the test solution, a single
impurity must not exceed 0.1%, and the sum of impurities
must not exceed 0.5%.

[0443] The impurity objects to be detected were total
impurity, impurity A, impurity C, impurity D, impurity L
and maximum single impurity; and the detection conditions
were the same as above.

[0444] Preparation method of impurity A: Purified water
(140 ml) and sodium hydroxide (14.8 g) were added to a
1000 ml three-necked flask, stirred for dissolution, then
added with Compound ITT-A (35 g) and anhydrous metha-
nol (20 ml), heated to 45° C. and reacted for 2 hours, then
cooled to 20° C. to 30° C., and added with 70 ml of purified
water for dilution, the reaction solution was extracted with
105 ml of ethyl acetate, and the water phase was collected.
The aqueous phase was adjusted to pH 5-6 with 20%
phosphoric acid aqueous solution to precipitate a white
solid, stirred for 30 minutes, and filtered with suction, and
the filter cake was washed with 105 ml of water, and blow
dried at 50° C. to obtain the target product.

[0445] Preparation method of impurity C: 2-Chloronico-
tinic acid (30 g, 0.19 mol), 4-ethylphenol (69.6 g, 0.57 mol)
and anhydrous potassium carbonate (52.5 g, 0.38 mol),
cuprous iodide (1.8 g, 0.01 mol) and N,N-dimethylformyl
(30 ml) were added to a 500 ml three-necked flask, heated
to 100° C. to 110° C. and reacted for 6 hours, cooled to 30°
C. to 35° C., then added with 120 ml of water for dilution,
transferred into a 2 L plastic beaker, adjusted to pH 3-4 with
30% phosphoric acid, and filtered with suction, and the filter
cake was rinsed with petroleum ether. The filter cake was
added to 100 ml of water, adjusted to pH 7-8 with saturated
aqueous sodium bicarbonate solution, and filtered with
suction, and the filtrate was collected, adjusted to pH 3-4
with 30% phosphoric acid, filtered with suction, and the
filter cake was dried.

[0446] 37 g of solid was taken and added to a 1000 ml
three-necked flask, added with 125 g of polyphosphoric
acid, heated to 120° C. to 130° C. and reacted for 4 hours,
then cooled to 20° C. to 30° C., added with 600 ml of water,
and the filter cake after suction filtration was washed with
200 ml of water, and the obtained filter cake was blow dried
at 30° C. to obtain the target product.

[0447] Preparation method of impurity D: Pranoprofen
(15 g), N,N-dimethylformamide (4.5 ml) and anhydrous
methanol (90 ml) were added into a 250 ml three-necked
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flask, and the system was suspended. A solution of thionyl
chloride (8.4 g) in dichloromethane (20 ml) was added
dropwise, and reacted at 20° C. to 30° C. for 4 hours after
the dropwise reaction. After the reaction was completed, the
system was transferred into a 500 ml single-necked bottle,
concentrated under reduced pressure in a 55° C. water bath
until no obvious distillate was distilled off, the resulting
concentrate was diluted with 150 ml of dichloromethane,
adjusted to pH 7-8 with saturated aqueous sodium bicar-
bonate solution, stirred for 10 minutes, and allowed to stand
for liquid separation. The organic phase was washed with
100 ml of saturated aqueous sodium bicarbonate solution
and 100 ml of saturated brine, respectively. The organic
phase was concentrated under reduced pressure in a water
bath at 45° C. until no obvious distillate was distilled off to
obtain a white solid, which was added with 100 ml of
n-hexane and stirred for 30 minutes, filtered with suction,
and the filter cake was vacuum-dried at 40° C. to obtain the
target product.

[0448] Preparation method of impurity L: THF (150 ml)
and Compound IV-A (25 g) were added to a 500 ml
single-necked bottle, dissolved to clear, and then added with
acetone (30.7 g), and stirred to obtain a colorless solution.
Aluminum trichloride (23.5 g) was added in batches, and
after the addition was completed, a light yellow solution was
obtained, which was subjected to reaction for 4 hours, and
concentrated under pressure at 45° C. until no obvious
distillate was distilled off, then the concentrate was poured
into 100 ml of water, and adjusted to pH 2-3 with saturated
aqueous sodium bicarbonate solution, extracted with 100 ml
of DCM twice, the organic phases were combined and
washed with 50 ml of water, the organic phase was taken and
concentrated under reduced pressure at 45° C. until no
obvious distillate was distilled off, and subjected to column
chromatography to obtain a product. The obtained product
(25 g), methanol (125 ml), water (12.5 ml) and sodium
hydroxide (9.2 g) were stirred and reacted for 1 hour. The
reaction solution was transferred to a 500 ml beaker, added

Oct. 17,2024

with purified water (300 g), then the water phase was
extracted 4 times with ethyl acetate (90 g), respectively, after
the water phase was separated out, it was adjusted to pH
about 5.8 with 20% acetic acid aqueous solution, and
gradually precipitated a white powdery solid. The filter cake
after filtration was rinsed with purified water and cold
methanol in turn, and dried in vacuum at 40° C. to obtain the
target product.

[0449] Preparation of test solution: 50 mg of this product
was taken, dissolved in a solvent (acetonitrile-water=1:1)
and diluted to 50 ml to obtain the test solution.

[0450] Control stock solution of mixed impurities: 10.0
mg of each of impurities A, C, D, and L. were weighed,
respectively, and added to 10.0 ml volumetric flask, respec-
tively, then added with methanol for dissolution and dilution
to the mark, 1.0 ml of each of the above solutions was taken
and added to 100.0 ml volumetric flask, then added with
solvent for dilution to the mark to obtain the control stock
solution of impurities.

[0451] Control solution of mixed impurities: 1.0 ml of the
test solution was accurately taken, and added with solvent
for dilution to 100.0 ml; 1.0 ml of the above solution was
accurately taken, added with 1.0 ml of the control stock
solution of mixed impurities, and added with solvent to 10.0
ml to obtain the control solution of mixed impurities.
[0452] Preparation of system suitability solution: 1.0 ml of
the control stock solution of mixed impurities was accu-
rately taken, and added with the test solution for dilution to
10 ml to obtain the system suitability solution.

[0453] Preparation of control solution: 1.0 ml of the test
solution was taken, and added with solvent for dilution to
10.0 ml; 1.0 ml of the above solution was taken, and added
with solvent for dilution to 100.0 ml to obtain the control
solution.

3. Experimental Results

[0454] The experimental results were shown in Table 11
below.
TABLE 11
20190101 20190201 20190202

0” month

1¥ month after
acceleration

2"¢ month after

acceleration

3¢ month after

acceleration

6" month after

acceleration

Impurity A: 0.05%
Impurity L: 0.02%
Impurity D: 0.02%

Impurity A: 0.07%
Impurity L: 0.01%
Impurity D: 0.02%

Impurity A: 0.02%
Impurity L: 0.01%
Impurity D: 0.02%

Total impurities: 0.09%
Impurity A: 0.03%
Impurity L: 0.01%
Impurity D: 0.02%

Total impurities: 0.10%
Impurity A: 0.07%
Impurity L: 0.01%
Impurity D: 0.03%

Total impurities: 0.05%
Impurity A: 0.05%
Impurity L: 0.02%
Impurity D: 0.01%

Total impurities: 0.06%
Impurity A: 0.04%
Impurity L: 0.01%
Impurity D: 0.02%

Total impurities: 0.11%
Impurity A: 0.07%
Impurity L: 0.01%
Impurity D: 0.02%

Total impurities: 0.06%
Impurity A: 0.04%
Impurity L: 0.01%
Impurity D: 0.02%

Total impurities: 0.07%
Impurity A: 0.06%
Impurity L: 0.02%
Impurity D: 0.01%

Total impurities: 0.10%
Impurity A: 0.07%
Impurity L: 0.02%
Impurity D: 0.02%

Total impurities: 0.07%
Impurity A: 0.04%
Impurity L: 0.01%
Impurity D: 0.02%

Total impurities: 0.08%
Impurity A: 0.06%
Impurity L: 0.02%
Impurity D: 0.02%
Impurity C 0.03%

Total impurities: 0.11%
Impurity A: 0.10%
Impurity L: 0.02%
Impurity D: 0.01%
Impurity C 0.03%

Total impurities: 0.07%
Impurity A: 0.09%
Impurity L: 0.02%
Impurity D: 0.01%
Impurity C 0.01%
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TABLE 11-continued

Oct. 17,2024

20190101 20190201 20190202
Maximum single Maximum single Maximum single
impurity: 0.02% impurity: 0.08% impurity: 0.02%

Total impurities: 0.17%  Total impurities: 0.24%  Total impurities: 0.15%

Notes:

The maximum single impurity usually referred to the maximum unknown single impurity, and the known impurities

were directly expressed by the impurity codes.

[0455] The results showed that the quality of the products
of the three batches prepared by the present invention was
stable and reliable.

[0456] Although specific embodiments of the present
invention have been described in detail, those skilled in the
art will understand that based on all the teachings that have
been disclosed, various modifications and substitutions can
be made to those details, and these changes are all within the
scope of the present invention. The full scope of the present
invention is given by the appended claims and any equiva-
lents thereof.

1. A method for preparing pranoprofen or a pharmaceu-
tically acceptable salt or ester of pranoprofen, comprising a
step of preparing:

a compound represented by Formula 1 or pharmaceuti-

cally acceptable salt or ester thereof,

a compound represented by Formula II or pharmaceuti-

cally acceptable salt or ester thereof,

a compound represented by Formula III or pharmaceuti-

cally acceptable salt or ester thereof, and

a compound represented by Formula IV or pharmaceuti-

cally acceptable salt or ester thereof,

Formula I
(¢]

COOH
[\/[ R
P
N O
wherein, R is C,-C,, straight chain or branched chain
alkyl, preferably, R is C,-C4 straight chain or branched
chain alkyl, more preferably, R is C,-C, straight chain

or branched chain alkyl, such as ethyl, propyl, isopro-
pyl or n-butyl;

COoOH o
N ~g,
_ o}
N o)

wherein, R, is C,-C,, straight chain or branched chain
alkyl, preferably, R, is C,-Cj straight chain or branched
chain alkyl, more preferably, R, is C,-C; straight chain
or branched chain alkyl, such as methyl, ethyl, propyl
or isopropyl;

Formula IT

Formula ITT

wherein, R, is C,-C,, straight chain or branched chain
alkyl, preferably, R, is C,-C; straight chain or branched
chain alkyl, more preferably, R, is C,-C; straight chain
or branched chain alkyl, such as methyl, ethyl, propyl
or isopropyl;

Formula IV

wherein, R, is C,-C,, straight chain or branched chain
alkyl, preferably, R, is C,-Cj straight chain or branched
chain alkyl, more preferably, R, is C,-C; straight chain
or branched chain alkyl, such as methyl, ethyl, propyl
or isopropyl.

2. The preparation method according to claim 1, com-
prises the following steps:

@ using a compound represented by Formula A and a
compound represented by Formula B as starting mate-
rials, and performing Ullmann condensation reaction in
the presence of cuprous iodide to prepare the com-
pound represented by Formula I;

@ under the action of acid and iodobenzene diacetate,
performing a rearrangement reaction in trimethyl
orthoformate to obtain the compound represented by
Formula II;

@ undergoing halogenation to form an acyl chloride,
then performing intramolecular ring closure under the
action of a Lewis acid to obtain the compound repre-
sented by Formula III;

@ undergoing borohydride reduction to obtain the com-
pound represented by Formula IV;

@ finally, undergoing isopropanol hydrogen chloride
reduction, alkali hydrolysis, and post-treatment acidi-
fication through the “one-pot method” to obtain pra-
noprofen;
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wherein, the structural formulas of the formula A com-
pound and the formula B compound are as follows:

Formula A
COOH

wherein,
X is halogen, such as fluorine, chlorine, bromine or
iodine, preferably chlorine or bromine;

Formula B
(¢]

HO

wherein, R is C,-C,, straight chain or branched chain alkyl,
preferably, R is C,-Cg straight chain or branched chain alkyl,
more preferably, R is C,-C, straight chain or branched chain
alkyl, such as ethyl, propyl, isopropyl or n-butyl.

3. The preparation method according to claim 1, com-
prising a step of preparing pranoprofen from a compound
represented by Formula IV:

Formula IV

OH

=
N O

Formula O (pranoprofen)

wherein, R, is C,-C,, straight chain or branched chain
alkyl, preferably, R, is C,-Cj straight chain or branched
chain alkyl, more preferably, R, is C,-C, straight chain
or branched chain alkyl, such as methyl, ethyl, propyl
or isopropyl.

4. The preparation method according to claim 3, com-

prising the following steps:

(1) preparing a compound represented by Formula V from
the compound represented by Formula IV;

(2) preparing pranoprofen from the compound repre-
sented by Formula V;

Formula V
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wherein, R, is C,-C,, straight chain or branched chain
alkyl, preferably, R, is C,-Cj straight chain or branched
chain alkyl, more preferably, R, is C,-C; straight chain
or branched chain alkyl, such as methyl, ethyl, propyl
or isopropyl.

5. The preparation method according to claim 4, wherein
the compound represented by Formula IV is methyl 2-(10-
hydroxyl-9-oxa-1-azaanthracen-6-yl)propionate, ethyl
2-(10-hydroxy-9-oxa-1-azaanthracen-6-yl)propionate or
propyl 2-(10-hydroxy-9-oxa-1-azaanthracen-6-yl)propi-
onate.

6. The preparation method according to claim 4, wherein,
in step (1), the compound represented by Formula IV is
reacted with a reducing agent to obtain the compound
represented by Formula V;

preferably, the reducing agent is one or more selected

from the group consisting of isopropanol hydrogen
chloride and isopropanol hydrochloride;

preferably, the molar ratio of the compound represented

by Formula IV to the reducing agent is 1:(1.5-3.5),
preferably 1:(2.5-3.5), such as 1:2.5, 1:3 or 1:3.5.

7. The preparation method according to claim 4, wherein,
in step (1), the reaction is carried out in an organic solvent
as a reaction solvent, preferably, the organic solvent is
isopropanol.

8. The preparation method according to claim 4, wherein,
in step (1), the reaction temperature is 50° C. to 90° C.,
preferably 60° C. to 80° C., 60° C. to 70° C., 70° C. to 80°
C. or 65° C. to 75° C.

9. The preparation method according to claim 4, wherein,
in step (1), the reaction time is at least 0.5 hours, at least 1
hour, at least 1.5 hours, at least 2 hours, 1 to 10 hours, 2 to
8 hours, 2 to 6 hours, 2 to 4 hours, 2 to 3 hours.

10. The preparation method according to claim 4,
wherein, in step (2), the compound represented by Formula
V is reacted with a base to prepare pranoprofen;

preferably, the base is one or more selected from the

group consisting of sodium hydroxide, potassium
hydroxide, lithium hydroxide, sodium carbonate and
potassium carbonate.

11. The preparation method according to claim 4,
wherein, in step (2), the reaction temperature is 40° C. to 75°
C., preferably 40° C. to 55° C., 40° C. 1o 50° C., 45° C. to
55° C., 40° C. to 45° C., 45° C. to 50° C., or 50° C. to 55°
C.

12. The preparation method according to claim 4,
wherein, in step (2), the reaction time is at least 0.5 hours,
at least 1 hour, at least 1.5 hours, 0.5 to 10 hours, 1 to 8
hours, 1.5 to 6 hours, 1.5 to 4 hours, 1.5 to 3 hours or 1.5 to
2.5 hours.

13. The preparation method according to claim 4, which
further comprises the following steps:

(3) separating pranoprofen (compound represented by

Formula 0) from the reaction system;

preferably, step (3) comprises:

purified water is added to the reaction system, and then

the aqueous phase is extracted with ethyl acetate;

the aqueous phase is collected and adjusted to pH 2-7 with

an acid (preferably, adjusted with 20% dilute acid
solution), and gradually precipitates a solid;

after filtration, the filter cake is washed with purified

water and methanol in turn, and dried in vacuum to
obtain crude pranoprofen; and
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refined pranoprofen is obtained by recrystallization from
methanol (preferably, 8 to 12 times volume, such as 10
times volume, of methanol is used to perform the
recrystallization under refluxing).
14. The preparation method according to claim 13,
wherein, in step (3), the pH is preferably 5 to 7, more
preferably 5.5 to 6.5, particularly preferably 5.8 to 6.2.
15. The preparation method according to claim 13,
wherein, in step (3), the acid is one or more selected from the
group consisting of acetic acid, phosphoric acid, hydrochlo-
ric acid and sulfuric acid, preferably acetic acid and/or
hydrochloric acid.
16. The preparation method according to claim 4, which
does not comprise a step of isolating the compound repre-
sented by Formula V.
17. The preparation method according to claim 4, com-
prising the following steps:
the compound represented by Formula IV, the reducing
agent and isopropanol are added into a reaction vessel,
stirred and heated to 50° C. to 90° C., reacted by
keeping the temperature for 2 to 4 h, concentrated
under reduced pressure at 55° C. to dryness, cooled to
room temperature and added with methanol (methanol
is used as a solvent), then added with an alkaline water
(or added with an alkaline water, then cooled to room
temperature and added with methanol), and reacted at
40° C. to 75° C. for 2 h;

the reaction solution is added with purified water, then the
aqueous phase is extracted with ethyl acetate, the
aqueous phase is collected and adjusted to pH 2-7 with
20% diluted acid solution, and gradually precipitate a
solid;

after filtration, the filter cake is washed with purified

water and methanol in turn;

vacuum drying is performed to obtain a crude product,

which is refined by methanol recrystallization to obtain
pranoprofen.

18.-89. (canceled)

90. The preparation method according to claim 1, com-
prising a step of reacting a compound represented by For-
mula A with a compound represented by Formula B to
generate the compound represented by Formula I:

O
COOH
x
| + R —
P
N X 1o

Formula A
Formula B
(¢]
COOH
AN R
Z
N O
Formula I
wherein,

X is halogen, such as fluorine, chlorine, bromine or
iodine, preferably chlorine or bromine;

R is C,-C,, straight chain or branched chain alkyl, pret-
erably, R is C,-Cq straight chain or branched chain
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alkyl, more preferably, R is C,-C, straight chain or
branched chain alkyl, such as ethyl, propyl, isopropyl
or n-butyl.

91. The preparation method according to claim 90,
wherein the compound represented by Formula A is selected
from the group consisting of 2-chloronicotinic acid, 2-bro-
monicotinic acid and 2-iodonicotinic acid; and

the compound represented by Formula B is selected from

the group consisting of 4-hydroxypropiophenone,
4-hydroxybutyrophenone and 4-hydroxyvalerophe-
none.

92. The preparation method according to claim 1, com-
prising a step of reacting a compound represented by For-
mula I with a compound represented by Formula C and a
compound represented by Formula D to generate the com-
pound represented by Formula II:

(¢]
COOH
® o
P
N O
Formula I
>:O
OCH.
(o) 3
\ /
I N HC\— OCH;
; O/ OCH;
[e) Formula D
Formula C
COOH o
| I ~ R, s
Z (0]
N O
Formula IT
Q I + AcOH +  AcOCH;3 +  HCOOCH;

wherein,

R is C,-C,, straight chain or branched chain alkyl, pref-
erably, R is C,-Cq straight chain or branched chain
alkyl, more preferably, R is C,-C, straight chain or
branched chain alkyl, such as ethyl, propyl, isopropyl
or n-butyl;

R, is C,-C,, straight chain or branched chain alkyl,
preferably, R, is C,-C; straight chain or branched chain
alkyl, more preferably, R, is C,-C; straight chain or
branched chain alkyl, such as methyl, ethyl, propyl or
isopropyl;

and R has one more carbon atom than R;.

93. The preparation method according to claim 92,
wherein the compound represented by Formula I is 2-[4-(1-
oxopropyl)phenoxy|-3-pyridinecarboxylic acid, 2-[4-(1-
oxobutyl)phenoxy|-3-pyridinecarboxylic acid or 2-[4-(1-
oxopentyl)phenoxy|-3-pyridinecarboxylic acid.

#* #* #* #* #*



