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Description

Technical field

[0001] The present invention relates to the field of pharmaceuticals, and in particular to phosphorus-containing
compound, preparation method thereof, and use for treating dry eye.

Technical background

[0002] Tears provide long-lasting moisturization and lubrication to the eyes, which is the key to maintaining vision and
eye comfort. Tears are composed of water, lipids, mucus, antibodies, and specific proteins with anti-infective properties.
These components are secreted by specific glands located around the eyes. When there is an imbalance in the tear
system, people will feel dry eyes.
[0003] Dry eye syndrome is a common ocular surface inflammatory disease. People with dry eye may experience eye
pain, photosensitivity, itching, redness and blurred vision. Dry eye syndrome is caused by multiple inducing factors,
including age, gender, environment, medicine, surgery, and systemic diseases such as autoimmune diseases, diabetes,
thyroid disease, and lymphoma. If dry eye disease is not diagnosed and treated properly, it may lead to further
complications such as infection, keratinization of the ocular surface, corneal ulceration and conjunctiva squamatization.
[0004] Therefore, dry eye syndrome is a very serious disease that affects 5‑10%of the population, especially thosewho
work long hours in front of computer and those after the middle age. More than 30% patients in today’s ophthalmologist
clinicsaredry eyepatients.Despite the largenumberof patientswithdry eyesyndrome inChina, there is nodrugapproved
for the treatment of dry eyesyndrome.Thepatient canonly have temporary relief fromartificial tears. Therefore, there is an
urgent need for drugs for treating dry eye syndrome.
[0005] The incidenceof dry eye syndrome is directly proportional to the age, about 20%of peopleover 50 years old have
different degreesof dryeyesyndrome; gender alsoaffectsdry eyesyndrome, andwomen, especially olderwomen, havea
much higher percentage of dry eye syndrome than men, which may be related to the secretion of sex hormones; white-
collar workers stay for a long time in the air-conditioned environment, and the long-term use of the screen also causes a
high incidence of dry eye syndrome in this population. Dry eye syndrome is a continuous pathological process inwhich the
condition progresses from light to severe, and there is no obvious boundary between light, medium and severe. Despite
the complex etiology of dry eye syndrome, studies find that the pathology of dry eye caused by various causes is similar:
immune cells invade the surface tissue of the eyes and trigger chronic inflammation, causing ocular surface damage.
Currently, two drugs are approved in theEuropean andAmericanmarkets: (1) cyclosporin A suspension. Thismedicine is
a very powerful immune system inhibitor, so it may cause damage to the immune system. At the same time, because it is a
suspension, there are problems concerning long-term storage stability, and the eye irritation in the patients using the drug;
(2) Lifitigrast, the drug was approved by the US FDA in December 2016, which is an immune cell migration inhibitor, and
achieves the therapeutic effect by blocking the immune cells from entering into the site of inflammation; however, the drug
is highly lipophilic and has no clinical effect on >50% of patients.
[0006] US 2014/256684A1 discloses the compound ethyl hydrogen ({[(2S)‑4-methyl‑2‑({[4‑(trifluoromethyl)phenyl]
carbamoyl}amino)pentanoyl]amino}methyl)p hosphonate used for the treatment of dry eyes. The compound, among
others, is considered in the application as FPR2 agonist to exhibit ocular anti-inflammatory activity with chemical stability
andsuitable for ocular delivery. It is said thatFPR2 representsan importantnovel pro-resolutionarymolecular target for the
development of new therapeutic agents in ocular diseases with excessive inflammatory responses.

Summary of the Invention

[0007] The invention is related to a new immune cell migration inhibitor. It has good hydrophilicity and can be developed
into eye drops. It has a strong inhibitory effect on immune cell migration and can alleviate the symptoms of most dry eye
patients.
[0008] The inventionprovidesaseriesof phosphorus-containingcompounds, theparticular featuresare representedby
the following structure:
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R1 is selected from alkyl, aryl, benzyl, aryl derivatives and benzyl derivatives;
R2 is selected from hydroxyl, alkyl, hydrogen, alkoxy;n is selected from 0 or 1;
X is selected from carbon, oxygen, and nitrogen;wherein whenX is carbon, it is ‑CH2 ‑, or ‑C(R1R2)‑, wherein R1, and
R2are thesameordifferent substituents independently selected fromanalkyl group, benzyl group, anaromaticgroup,
a hydroxyl group, an alkoxy group, and a halogen;wherein when X is nitrogen, it is ‑NH‑, or ‑N(RN)‑, wherein RN is
selected from an alkyl group, a benzyl group and an aromatic group;
Z is selected from carbonyl, alkylenyl, sulfonyl, nitrogen, oxygen and sulfur;wherein when Z is nitrogen, it is ‑NH‑, or
‑N(RN)‑, wherein RN is selected from an alkyl group, a benzyl group and an aromatic group;R3 is one or more
substituents on the benzene ring independently selected from hydrogen and halogen;
Y is selected fromcarbon, oxygen, and nitrogen;whereinwhenY is carbon, it is ‑CH2 ‑, or ‑C(R1R2 )‑, whereinR1 , and
R2 are the same or different substituents independently selected from an alkyl group, a benzyl group, an aromatic
group, and a halogen;wherein when Y is nitrogen, it may be ‑NH‑, or - N(RN)‑, wherein RN is selected from an alkyl
group, a benzyl group and an aromatic group;R4 is selected from alkyl, aryl, benzyl, aryl derivatives and benzyl
derivatives;R5 is hydrogen;the substituent groups represented by G1 and G2 are disposed on the benzene ring in
meta, para or ortho position,wherein, the above derivatives refer to the aromatic ring having one or more indepen-
dently substituted hydrogen, alkyl, alkoxy, halogen, amino, cyano, hydroxy, nitro, aryl, alkylsulfonyl or phenylsulfonyl
thereon.

[0009] In the preferred embodiments, the invention provides a phosphorus-containing compound which is further
characterized in that the above aryl group is selected from phenyl group and derivatives thereof, naphthyl group and
derivatives thereof, N or O containing heteroaryl group and derivatives thereof, N or O containing heterocyclic naphthyl
group and derivatives thereof;
wherein, the above derivatives refer to the aromatic ring having one or more independently substituted hydrogen, alkyl,
alkoxy, halogen, amino, cyano, hydroxyl, nitro, aryl, alkylsulfonyl or phenylsulfonyl thereon.
[0010] Further, the invention provides a phosphorus-containing compound which is further characterized in that X is
selected from imino (-NH‑) and amine (-N(R3)‑);
the above Y is selected from (-NH‑), amine (-N(RN)‑), and ammonium (-N+(R4R5)‑, wherein RN may be any substituent
group, such as: alkyl such asmethyl, ethyl and the like, aromatic group such as phenyl, benzyl and the like, R4 andR5 can
be the same or different arbitrary substituent groups, e.g. alkyl group such as methyl, ethyl and the like, aromatic group
such as phenyl, benzyl and the like, the anion coordinated to N+ may be selected from halogen. Further, the invention
provides a phosphorus-containing compound characterized in that:

the above R4 is selected from the group consisting of the following structures:
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n is selected from an integer from 0 to 5;
the above A is selected from sulfur, CH2 NH and oxygen;
the above R42 is selected from aryl, alkyl, alkylamino, alkylsulfonylamino, cycloalkyl, substituted cycloalkyl, hetero-
cycloalkyl, substituted heterocycloalkyl;
wherein the above aryl group is selected from 6‑12 membered aromatic groups and derivatives thereof, heteroaryl
with one or more carbon atoms on the 5‑12 membered aromatic ring substituted by oxygen, nitrogen or sulfur;
wherein, the abovederivatives refer to the aromatic ring grouphavingoneormore substituted hydrogen, alkyl, alkoxy,
halogen, amino, cyano, hydroxyl, nitro, sulfonyl, alkylsulfonyl or phenylsulfonyl thereon.

[0011] The above heteroaryl group may further have a structure of ‑N-R422 on it;

the above R422 is sulfonyl, alkylsulfonyl, alkyl, or hydroxyl;
the above cycloalkyl group is a 3‑12 membered cycloalkyl group;
the substituted cycloalkyl group refers to the ring group having one or more independently substituted sulfonyl,
alkylsulfonyl, alkyl, alkoxy, hydroxyl, amino, nitro;
the heterocycloalkyl group is a 3‑12membered heterocycloalkyl group having one ormore carbon atoms substituted
by oxygen, nitrogen and sulfur;
the carbon atoms on the heterocycloalkyl can also be substituted by C=O and/or SO and/or SO2;
thesubstitutedheterocycloalkyl group isaza‑, oxa‑or thiacycloalkyl havinga four, five, sixor sevenmembered ring, by
which the ring is independently substituted by one or more substituted sulfonyl, alkylsulfonyl, alkyl, alkoxy, hydroxyl,
amino, nitro and carbonyl;
the substituted heterocycloalkyl group may further have a structure of ‑N-R422 on it;
the above R422 is sulfonyl, alkylsulfonyl, alkyl, or hydroxyl;
the above R42 may also be selected from the groups of the following structures:

the above R43 and R44 are the same or different alkyl, hydroxyl or hydroxyl substituted alkyl having not more than 5
carbon atoms;
G3 is a 3‑12 membered ring;
the carbon atom on the ring of G3 may also be partially replaced by oxygen, sulfur, nitrogen, C=O or SO2;
the above R45 is one or more substituents on G3 ring selected from alkyl, hydroxyl, alkoxy and amino;

[0012] In the preferred embodiments, the invention provides a phosphorus-containing compound characterized in that
the compound represented by the following structure:
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wherein, the aboveC1 andC2 are both carbon atoms, and the bond in-between is single bond, double bond or triple bond.
[0013] In themorepreferredembodiments, the inventionprovidesaphosphorus-containing compoundcharacterized in
that the compound represented by the following structure:

R11 is one or more substituents on the benzene ring independently selected from hydrogen, alkyl, alkoxy, halogen,
amino, cyano, hydroxy, and nitro;
R2 is selected from hydroxy, alkyl, and alkoxy;
Y1 is selected from hydrogen and alkyl;
R41 is one or more substituents on the benzene ring independently selected from hydrogen, alkyl, alkoxy, alkylsulfo-
nyl, arylsulfonyl, halogen, amino, cyano, hydroxy, and nitro;
R5 is hydrogen

[0014] In the even more preferred embodiments" the invention provides a phosphorus-containing compound char-
acterized in that the compound represented by the following structure:
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wherein X1, X2, X3, and X4 are selected from hydrogen, alkyl, halogen, and hydroxyl.
[0015] Further, the invention provides a phosphorus-containing compound characterized in that the phosphorus-
containing compound selected from the following:

(2s)‑2‑(2,6-dichloro‑4‑(2‑(hydroxy(phenyl)phosphoryl)ethyl)benzamido)‑3‑(3‑(methylsulfonyl)phenyl)propionic
acid;
(2s)‑2‑(2,6-dichloro‑4‑((hydroxy(3-hydroxyphenyl)phosphoryl)ethynyl)benzamido)‑3‑(3‑(methylsulfonyl)phenyl)
propionic acid;
(2s)‑2‑(2,6-dichloro‑4‑(2‑(hydroxy(m-hydroxyphenyl)phosphoryl)ethyl)benzamido)‑3‑(3‑(methylsulfonyl)phenyl)
propionic acid
(2s)‑2‑(2,6-dichloro‑4‑(2‑(methoxy(phenyl)phosphoryl)ethyl)benzamido)‑3‑(3‑(methylsulfonyl)phenyl)propionic
acid
(2s)‑2‑(2,6-dichloro‑4‑(methoxy(phenyl)phosphoryl)ethynyl)benzamido)‑3‑(3‑(methylsulfonyl)phenyl)propinoic
acid ;
(2s)‑2‑(2,6-dichloro‑4‑(2‑(ethoxy(m-hydroxyphenyl)phosphoryl)ethyl)benzamido)‑3‑(3‑(methylsulfonyl)phenyl)pro-
pionic acid;
(2s)‑2‑(2,6-dichloro‑4‑((methoxy(3-hydroxyphenyl)phosphoryl)ethynyl)benzamido)‑3‑(3‑(methylsulfonyl)phenyl)
propionic acid;
(2s)‑2‑(2,6-dichloro‑4‑(2‑(methoxy(3-hydroxyphenyl)phosphoryl)ethyl)benzamido)‑3‑(3‑(methylsulfonyl)phenyl)
propionic acid;
(2s)‑2‑(2,6-dichloro‑4‑(methyl(phenyl)phosphoryl)ethynyl)benzamido)‑3‑(3‑(methylsulfonyl)phenyl)propanoic acid;
(2s)‑2‑(2,6-dichloro‑4‑(2‑(methyl(phenyl)phosphoryl)ethyl)benzamido)‑3‑(3‑(methylsulfonyl)phenyl)propionic acid;
(2s)‑2‑(2,6-dichloro‑4‑((methyl(3-hydroxyphenyl)phosphoryl)ethynyl)benzamido)‑3‑(3‑(methylsulfonyl)phenyl)pro-
pionic acid;
(2s)‑2‑(2,6-dichloro‑4‑((methoxy(3-methoxyphenyl)phosphoryl)ethynyl)benzamido)‑3‑(3‑(methylsulfonyl)phenyl)
propionic acid;
(2s)‑2‑(2,6-dichloro‑4‑((hydroxy(3-methoxyphenyl)phosphoryl)ethynyl)benzamido)‑3‑(3‑(methylsulfonyl)phenyl)
propionic acid.

[0016] In addition, the present invention also provides a method for preparing the above phosphorus-containing
compound, which is characterized in that:

it is obtained by reacting Compound A and Compound C with the active sites on Compound B in sequence;
wherein the above compound A is a compound represented by the following structure:
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the above compound C is a compound represented by the following structure:

the above compound B is a compound represented by the following structure:

wherein, L1andL1 ’ aswell asL2andL2’ are respectivelyapair of activegroupswhichcan reactwitheachother, during
the reaction, the target product was obtained through the reaction between L1 and L1’, and the reaction between L2
and L2 ’,wherein the reaction between L1 and L1’, and the reaction between L2 and L2 ’ are substitution reactions;said
L1 is halogen;said L1 ’ is alkynyl;said L2 is amino;said L2’ is hydroxy.

[0017] Further, the method for preparing a phosphorus-containing compound provided by the invention has the
characteristics that the substitution reaction, the addition reaction, the elimination reaction or the replacement reaction,
canbe carriedout between theaboveL1andL1’ aswell as betweenL2andL2’, and connection bondsbetweenL1andL1’
as well as between L2 and L2’ are formed.
[0018] Further, the method for preparing a phosphorus-containing compound provided by the invention further has the
characteristic that the above L1 is selected from halogen, amino, cyano, thio, hydroxyl and alkoxyl;

the above L1’ is selected from halogen, alkynyl, carboxyl, amino, cyano, ester, alkoxyl, sulfonamide, alkoxysulfonyl;
the above L2 is selected from halogen, carboxyl, amino, cyano, ester, alkoxyl, sulfonamide, alkoxysulfonyl;
the above L2’ is selected from halogen, amino, thio, hydroxyl and alkoxyl.

[0019] Further, themethod for preparing aphosphorus-containing compoundprovidedby the invention is characterized
in that the molar ratio of the above compound A to the compound C is 1:0.1‑10;
the molar ratio of the above compound C to the compound B is 1:0.1‑10.
[0020] Further, the method for preparing a phosphorus-containing compound provided by the invention is further
characterized in that, the specific process steps are as follows:

Step 1, adding the halogenating reagent to the phosphodiester derivative, reacting at a temperature of 50‑100°C for
1‑5 hours, and evaporated to dryness to obtain the substrate 1;
in this step, it is intended to prepare a substrate having an active reactive group fromaphosphodiester derivative, and
if the compound A having a reactive group L1 is directly selected, the first step can be omitted.

[0021] In the present invention, the phosphodiester derivative is a compound represented by the following structure:
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R111, R112, and R113 are selected from aryl (for example, aromatic group such as phenyl, naphthyl, and quinolyl), and
alkyl (for example, alkyl such as methyl, ethyl, propyl, isopropyl, cyclohexyl, and cyclopentyl);
the halogenating reagent is generally selected from reagents for providing halogen, such as, thionyl chloride,
phosgene or bromine;
the reaction is preferably carried out under the protection of a shielding gas such as nitrogen, argon or helium.

[0022] In the reaction, the amount of the added halogenating agent is 0.5 to 4 ml per 100 mg of the phosphodiester
derivative.
[0023] Step 2: Sequentially adding Grignard reagent and substrate 1 to the derivative of methyl ethynylbenzoate at a
temperature below 0°C, reacting for 0.1‑2 hours, quenching the reaction with an acidic solution, extracting the organic
phase and evaparoate to obtain the intermediate product 1;

in the invention, the derivative of methyl ethynylbenzoate is a compound represented by the following structure:

wherein R311 is one or more substituents independently selected from halogen, nitro, aryl (for example, aromatic
group such as phenyl, naphthyl and quinolyl and the like), alkyl (for example, alkyl group such asmethyl, ethyl, propyl,
isopropyl, cyclohexyl and cyclopentyl) and the like;
the ethynyl and methyl formate groups may be in the para, ortho or meta position;
the mass ratio of the derivative of methyl ethynylbenzoate to Grignard reagent and substrate 1 is 1:0.01‑10:1:‑10;
the reaction is preferably carried out under the protection of a shielding gas such as nitrogen, argon or helium;
the reaction is preferably carried out in the ether solvent;
theacidused forquenching the reaction ispreferablyamineral acid, theconcentrationof theacid ispreferably from0.5
to 1.5 mol/L, and the amount of the acid is preferably from 0.01 to 10 times the total amount of the reactant;
the reagent for extraction is preferably an ester solvent.

[0024] Step 3, the intermediate product 1 and the de-esterification reagent, react at a temperature of 100‑150°C for 2‑5
hours, quenchedwith theacidic solution, theorganicphase fromextractionevaporated todryness, togive the intermediate
product 2;

the mass ratio of the intermediate product 1 and the deesterification reagent is 1:0.5‑3; the reaction is preferably
carried out under the atmosphrer of a protective gas such as nitrogen, argon and helium;
theacidused for thequenching reaction ispreferablyamineral acid, theconcentrationof theacid ispreferably from0.5
to 1.5 mol/L, and the amount of the acid is preferably from 0.01 to 10 times the total amount of the reactant;
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the reagent for extraction is preferably the ester solvent.

[0025] Step 4, in the intermediate product 2, sequentially adding compound C in which L2 is amino, and the basic
catalyst, reacting at a temperature of 20‑50°C for 1‑10 hours, quenching the reaction with an acid solution, and the
extracted organic phasewasevaporated to dryness to give aphosphorus-containing compound containing alkynyl group.
[0026] The molar ratio of the intermediate product 2, the compound C and the basic catalyst is 1:1‑5:5‑20;

theacidused forquenching the reaction ispreferablyamineral acid, theconcentrationof theacid ispreferably from0.5
to 1.5 mol/L, and the amount of the acid is preferably from 0.01 to 10 times the total amount of the reactant;
the reagent for extraction is preferably the ester solvent.

[0027] The above reaction procedures are all applicable to the scheme in which the next step is carried out without
purification, and the yield in each step is about 50 to 95%, and the total yield is about 50 to 80%.
[0028] The specific equations for the above process are as follows:

[0029] Further, the method for preparing a phosphorus-containing compound provided by the invention is further
characterized in that, the above alkynyl-containing phosphorus-containing compound undergoes a reduction reaction,
and the corresponding phosphorus-containing product can be obtained. Further, the invention provides the application of
the above phosphorus-containing compound, in particular, that it can be used as an immune cell migration inhibitor.
[0030] Further, the invention provides the application of the above phosphorus-containing compound, in particular, that
the eye drops containing the above phosphorus-containing compound can be used for alleviating and treating dry eye
syndrome.
[0031] The method for preparing the eye drop preparation can be any conventional preparation method.
[0032] For example, the above compound is added to 10‑200 times by weight of the sterile physiological saline, 0.01‑1
times of alkali solution is added, stirringto a transparent solution; and the buffer solution is added to the above obtained
solution until the pH of the solution is between 6.5‑7.5; and then the sterile physiological saline is added into the obtained
aqueous solution until the total volume reaches 1.5‑20 times of the original volume. The above solution is then purgedwith
nitrogen, bubbling for 0.5‑10 hours, and the resulting solution is sealed and stored at 5°C under exclusion of light. The
solution is dispensed into a disposable eye drop vessel for use. Among them, the above saturated aqueous solution of
sodium hydroxide and NaH2PO4 can be replaced by other buffer solutions.
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Action and effect of the invention:

[0033] In the invention, a new class of phosphorus-containing compounds is synthesized, which is a novel immune cell
migration inhibitor. It hasgoodhydrophilicity, is easy todevelop intoeyedrops, hasastrong inhibitory effect on immunecell
migration, and it may alleviate the symptoms of most dry eye patients.

Detailed description of the invention

Example 1

[0034]

(2s)‑2‑(2,6-dichloro‑4‑(2‑(hydroxy(phenyl)phosphoryl)ethyl)benzamido)‑3‑(3‑(methylsulfon yl)phenyl)propionic acid

[0035] The specific reaction equation is as follows:

Step A: methoxyphenylphosphoryl chloride (Compound 1.1)

[0036] 150mg of dimethyl phenyl phosphate was weighed, 4 ml of thionyl chloride was added, protected with nitrogen,
they react at 75°C for 2 hours, and were directly spun-dried.

Step B: Methyl 2,6-dichloro‑4‑((phenyl(methoxy)phosphoryl)ethynyl)benzoate (Compound 1.2)

[0037] 50 mg of methyl 2,6-dichloro‑4-ethynylbenzoate was dissolved in 1 ml of tetrahydrofuran, protected with
nitrogen, and 0.2 ml of isopropylmagnesium chloride (2 mol/L) was added at 0°C, and stirred for 20 minutes; Compound
1.1 was dissolved in 0.5 ml of tetrahydrofuran and added, reacted for 20 minutes. The reaction was quenched by 1 mol/L
dilute HCl solution, and was extracted three times with 30 mL ethyl acetate, the organic phases were combined, spun-
dried, and purified to obtain the product (50 mg, 60%).
[0038] LCMS ESI(+) m/z: 382.6 (M+1).

Step C: 2,6-dichloro‑4‑((hydroxy(phenyl)phosphoryl)ethynyl)benzoic acid (Compound 1.3)

[0039] Compound 1.2 (50 mg) and lithium iodide (50 mg) were dissolved in 1 ml of pyridine, protected with nitrogen,
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stirred at 120°C for 3 hours, cooled and spun-dried, and 10 ml of 1 mol/L dilute HCl solution was added. Extraction was
carried out three times with 30ml of ethyl acetate, and the organic phases were combined and spun-dried without further
purification.
[0040] LCMS ESI(+) m/z: 354.6 (M+1).

Step D:

(2s)‑2‑(2,6-dichloro‑4‑((hydroxy(phenyl)phosphoryl)ethynyl)benzamido)‑3‑(3‑(methylsulfon yl)phenyl)benzyl propio-
nate (Compound 1.4)

[0041] Compound 1.3 was dissolved in DMF, benzyl (2s)‑2-amino‑3‑(3‑(methylsulfonyl)phenyl)propionate hydrochlor-
ide (2 eq) was added, then followed by DIPEA (10 eq), HATU (2.5 eq). After stirring at normal temperature for 4 h, 10ml of
dilute HCl solution was added, extracted three times with EA, the organic phases were combined and spun-dried.
Purificationwaspreparedwith the reverse phase, spun-dried at 45°Cunder reducedpressure to obtain 40mgof the target
product.
[0042] LCMS ESI(+) m/z: 669.5 (M+1).

Step E:

(2s)‑2‑(2,6-dichloro‑4‑(2‑(hydroxy(phenyl)phosphoryl)ethyl)benzamido)‑3‑(3‑(methylsulfon yl)phenyl)propionic acid
(Compound 1)

[0043] Compound 1.4 was dissolved in 1ml ofmethanol, Pd/C (10%, 0.1 eq) was added, and then hydrogenated under
normal pressure for 1 h, filtered, spun-dried, prepared by reverse phase, and 10 mg of lyophilized product was obtained.
LCMS ESI(+)m/z:583.6(M+1); 1H-NMR (400MHz,DMSO) δ 9.02 (d,J=8Hz,1H), 7.86 (s,1H), 7.77 (m,3H), 7.66 (m,1H),
7.55 (m,2H), 7.51 (m,2H), 7.29 (s,2H), 4.75 (m, 1H), 3.29 (dd, J=15Hz, J=4.4Hz, 1H), 3.15 (s,3H), 3.03 (dd, J=15.5Hz,
J=10.4Hz, 1H), 2.70 (m,2H), 2.11 (m,2H).

Example 2

[0044]

(2s)‑2‑(2,6-dichloro‑4‑((hydroxy(3-hydroxyphenyl)phosphoryl)ethynyl)benzylamino)‑3‑(3‑( methylsulfonyl)phenyl)pro-
pionic acid

[0045] The specific reaction equation is as follows:
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Step A: (m-methoxyphenyl)ethoxyphosphoryl chloride (Compound 2.1)

[0046] 200 mg of diethyl m-methoxyphenyl phosphate was weighed, and 4ml of thionyl chloride was added, protected
with nitrogen, and reacted at 75°C for 12 hours, and then directly spun-dried.

Step B: methyl 2,6-dichloro‑4‑(((m-methoxyphenyl)(ethoxy)phosphoryl)ethynyl)benzoate

(Compound 2.2)

[0047] 100 mg of methyl 2,6-dichloro‑4-ethynylbenzoate was dissolved in 1.5 ml of tetrahydrofuran, protected with
nitrogen, and 0.7ml of 2mol/L of isopropyl magnesium chloride was added at 0°C, and stirred for 20minutes; Compound
2.1 was dissolved in 0.5 ml of tetrahydrofuran and reacted for 20 minutes. The reaction was quenched with 1 mol/L dilute
HCl solution, and extracted three times with 30 mL ethyl acetate, the organic phases are combined, spun-dried, and
purified to obtain the product (100 mg, 60%).
[0048] LCMS ESI(+) m/z: 426.6 (M+1).

Step C: 2,6-dichloro‑4‑((hydroxy(m-methoxyphenyl)phosphoryl)ethynyl)benzoic acid

(Compound 2.3)

[0049] Compound 2.2 (100 mg) and lithium iodide (100 mg) were dissolved in 2 ml of pyridine, protected with nitrogen,
stirred at 120°C for 3 hours, cooled and spun-dried, and 10 ml of 1 mol/L dilute HCl solution was added. Extraction was
carried out three times with 30 ml of ethyl acetate, the organic phases were combined and spun-dried without further
purification.
[0050] LCMS ESI(+) m/z: 384.6 (M+1).

Step D: benzyl

(2s)‑2‑(2,6-dichloro‑4‑((hydroxy(m-methoxyphenyl)phosphoryl)ethynyl)benzamido)‑3‑(3‑(m ethylsulfonyl)phenyl)pro-
pionate (Compound 2.4)

[0051] Compound 2.3 was dissolved in DMF, and benzyl (2s)‑2-amino‑3‑(3‑(methylsulfonyl)phenyl)propionate hydro-
chloride (2 eq)was added, then followed byDIPEA (10 eq), andHATU ( 2.5eq). After stirring at normal temperature for 4 h,
10 ml of dilute HCl solution was added. Extraction was carried out three times with EA, and the organic phases were
combinedandspun-dried.Purificationwaspreparedby reversephase, spun-driedat45°Cunder reducedpressure togive
the target product, 80 mg.
[0052] LCMS ESI (+) m/z: 699.5 (M+1).

Step E:
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(2s)‑2‑(2,6-dichloro‑4‑((hydroxy(3-hydroxyphenyl)phosphoryl)ethynyl)benzylamino)‑3‑(3‑( methylsulfonyl)phenyl)pro-
pionic acid (Compound 2)

[0053] Compound 2.4 (40 mg) was dissolved in 1 ml of DCM, protected with nitrogen, and 0.2 ml of boron tribromide (1
mol/L) was added at ‑40°C, and then stirred at 0°C for 30 minutes. The reaction was quenched by adding water at ‑40°,
extracted with 30 mL of EA, dried over anhydrous sodium sulfate, spun-dried and purified to obtain 15 mg of product.
[0054] LCMS ESI(+) m/z:595.5(M+1).
[0055] 1H-NMR(400MHz,DMSO), δ9.16(d,J=8.4Hz,1H), 7.86(s,1H), 7.76(d,J=7.6Hz,1H), 7.67(d,J=7.6Hz,1H),
7.56(dd,J=8Hz,J=7.6Hz,1H), 7.44(s,2H),7.28(m,1H), 7.16(m,2H), 6.77(m,1H), 4.78(m,1H),3.29(m,1H), 3.14(s,3H),
3.01(dd,J=14,J=10.4,1H).

Example 3

[0056]

(2s)‑2‑(2,6-dichloro‑4‑(2‑(hydroxy(m-hydroxyphenyl)phosphoryl)ethyl)benzamido)‑3‑(3‑(me thylsulfonyl)phenyl)pro-
pionic acid

[0057] The specific reaction equation is as follows:

[0058] Compound2.5 (10mg)wasdissolved in 1mlofmethanol, and1mgofPd/C (10%)wasadded, andhydrogenated
at normal pressure for 1.5 h, then filtered. The product was spun-dried and purified to give 3 mg of product.
[0059] LCMS ESI(+)m/z:599.6(M+1). 1H-NMR(400MHz,DMSO), δ9.72(s,1H), 9.04(d,J=8.4Hz,1H),

7.86(s,1H), 7.77(d,J=8Hz,1H), 7.67(d,J=7.6Hz,1H), 7.56(t,J=7.6Hz,1H), 7.33(m,1H),
7.28(s,2H), 7.15(m,2H), 6.93(m,1H), 4.75(m,1H), 3.30(m,1H), 3.15(s,3H),
3.01(dd,J=10.8Hz,J=9.6Hz,1H), 2.69(m,2H),2.04(m,2H).

Example 4

[0060]
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(2s)‑2‑(2,6-dichloro‑4‑(2‑(methoxy(phenyl)phosphoryl)ethyl)benzamido)‑3‑(3‑(methylsulfon yl)phenyl)propionic acid

[0061] The specific reaction equation is as follows:

Step A: benzyl

(2s)‑2‑(2,6-dichloro‑4‑((methoxy(phenyl)phosphoryl)ethynyl)benzamido)‑3‑(3‑(methylsulfon yl)phenyl)propionate
(Compound 4.1)

[0062] Compound 1.4 (20 mg) was dissolved in 0.5 ml of methanol, trimethylsilyldiazomethane (3 eq) was added, and
stirred at room temperature for 30 minutes. The reaction was quenched with an appropriate amount of acetic acid, spun-
dried, and5mlof diluteHCl solutionwasadded.Theextractionwascarriedout three timeswithEA,and theorganicphases
were combined, and spun-dried. LCMS ESI (+) m/z: 683.6 (M+1).

Step B:

(2s)‑2‑(2,6-dichloro‑4‑(2‑(methoxy(phenyl)phosphoryl)ethyl)benzamido)‑3‑(3‑(methylsulfon yl)phenyl)propionic acid
(compound 4)

[0063] Compound4.1wasdissolved inmethanol (1ml), and1mgofPd/C (10%)wasadded thereto, and themixturewas
hydrogenated at normal pressure for 1 hour, filtered, spun-dried and purified to obtain the target product.
[0064] LCMS ESI(+) m/z: 597.6(M+1).
[0065] 1H-NMR(400MHz,DMSO)
[0066]
δ9.03(d,J=8.4Hz,1H),7.86(s,1H),7.75(m,3H),7.66(m,2H),7.56(m,3H),7.32(s,2H),4.75(m,1H ),3.51(d,J=11.2Hz,3-
H),3.28(dd,J=14.4Hz,J=3.6Hz,1H),3.15(s,3H),3.01(dd,J=14.4Hz,J=10. 8Hz,1H),2.72(m,2H),2.34(m,2H).

Example 5

[0067]

(2s)‑2‑(2,6-dichloro‑4‑(methoxy(phenyl)phosphoryl)ethynyl)benzamido)‑3‑(3‑(methylsulfon yl)phenyl)propanoic acid

[0068] The specific reaction equation is as follows:
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[0069] Compound 4.1was dissolved inDCM, and 1mol/L of boron tribromide (10 eq)was added at ‑40°C, stirred at 0°C
for 30minutes and then the reaction was quenched with water at ‑40 °C. The reaction was extracted 3 times with EA, and
the organic phases were combined, spun-dried and purified to give the target product. LCMS ESI (+) m/z: 593.6 (M+1).
[0070] 1H-NMR(400MHz,DMSO)δ9.21(d,J=8.4Hz,1H),7.88(m,5H),7.77(m,1H),
7.72(m,1H),7.67(m,1H),7.63(m,2H),7.57(m,1H),3.83(d,J=12.4Hz,3H),3.30(m,1H),3.15(s,3
H),3.03(dd,J=13.6Hz,J=10.4Hz,1H).

Example 6

[0071]

(2s)‑2‑(2,6-dichloro‑4‑(2‑(ethoxy(m-hydroxyphenyl)phosphoryl)ethyl)benzamido)‑3‑(3‑(met hylsulfonyl)phenyl)propio-
nic acid

[0072] The specific reaction equation is as follows:

Step A: 2,6-dichloro‑4‑(((m-hydroxyphenyl)(ethoxy)phosphoryl)ethynyl)benzoic acid

(Compound 6.1)

[0073] Compound2.2wasdissolved inDCM,and1mol/Lof boron tribromide (10eq)wasaddedat low temperature, and
stirred at 0°C for 30 minutes, then the reaction was quenched at ‑40°C, extracted with EA three times, and the organic
phases were combined, and spun-dried.
[0074] LCMS ESI (+) m/z: 398.6 (M+1).

Step B: benzyl

(2s)‑2‑(2,6-dichloro‑4‑((ethoxy(m-hydroxyphenyl)phosphoryl)ethynyl)benzamido)‑3‑(3‑(met hylsulfonyl)phenyl)propio-
nate (Compound 6.2)

[0075] Compound 6.1 was dissolved in DMF, and benzyl (2s)‑2-amino‑3‑(3‑(methylsulfonyl)phenyl)propionate hydro-
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chloride (2 eq) was added, followed byDIPEA (10 eq), andHATU ( 2.5eq). After stirring at normal temperature for 4 h, and
10 ml of dilute HCl solution was added, extracted with EA three times, and the organic phases were combined and spun-
dried. Purification was prepared by reverse phase, spun-dried at 45°C under reduced pressure to give the target product.
[0076] LCMS ESI (+) m/z: 713.5 (M+1).

Step C:

(2s)‑2‑(2,6-dichloro‑4‑(2‑(ethoxy(m-hydroxyphenyl)phosphoryl)ethyl)benzamido)‑3‑(3‑(met hylsulfonyl)phenyl)propio-
nic acid (Compound 6)

[0077] Compound 6.2 was dissolved in 1 ml of methanol, and Pd/C (10%, 0.1 eq) was added, and the mixture was
hydrogenated under normal pressure for 1 h, filtered, spun-dried and purified to give the product.
[0078] LCMS ESI (+) m/z: 627.5 (M+1).
[0079] 1H-NMR(400MHz,DMSO)δ9.85(s,1H),9.05(d,J=5.6Hz,1H),7.86(s,1H),

7.76(d,J=4.8Hz,1H),7.66(d,J=4.8Hz,1H),7.57(dd,J=5.2Hz,J=5.2Hz,1H),7.35(m,1H),
7.33(s,2H),7.16(m,2H),6.98(m,1H),4.75(m,1H),3.91(m,1H),3.78(m,1H),3.30(m,1H),
3.15(s,3H),3.01(m,1H),2.70(m,2H),2.25(m,2H,)1.19(t,J=4.8Hz,3H).

Example 7

[0080]

(2s)‑2‑(2,6-dichloro‑4‑((methoxy(3-hydroxyphenyl)phosphoryl)ethynyl)benzylamino)‑3‑(3‑( methylsulfonyl)phenyl)pro-
pionic acid

[0081] The specific reaction equation is as follows:

Step A: benzyl

(2s)‑2‑(2,6-dichloro‑4‑((methoxy(3-hydroxyphenyl)phosphoryl)ethynyl)benzylamino)‑3‑(3‑( methylsulfonyl)phenyl)pro-
panoate (Compound 7.1)

[0082] Compound2.4 (40mg)wasdissolved in 1ml ofmethanol, and trimethylsilyldiazomethane (3eq)wasadded, and
the mixture was stirred at room temperature for 30 minutes. The reaction was quenched with an appropriate amount of
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acetic acid, spun-dried, and5ml of diluteHCl solutionwasadded. It was extracted3 timeswithEA, and theorganic phases
were combined and spun-dried.
[0083] LCMS ESI (+) m/z: 713.5 (M+1).

Step B:

(2s)‑2‑(2,6-dichloro‑4‑((methoxy(3-hydroxyphenyl)phosphoryl)ethynyl)benzylamino)‑3‑(3‑( methylsulfonyl)phenyl)pro-
pionic acid (Compound 7)

[0084] Compound7.1 (30mg)wasdissolved inDCM,and1mol/Lof boron tribromide (10eq)wasaddedat ‑40°C,stirred
at 0°C for 30 minutes and then the reaction was quenched with water at ‑40 °C. It was extracted 3 times with EA, and the
organic phases were combined, dried and spun-dried to give 15 mg of the target product.
[0085] LCMS ESI(+) m/z: 609.5 (M+1).
[0086] 1H-NMR(400MHz,DMSO) δ 10.05(s,1H), 7.85(s,3H), 7.76(d,J=8Hz,1H), 7.67(d,J=7.6Hz,1H),
7.56(dd,J=8Hz,J=7.6Hz,1H), 7.42(m,1H), 7.29(m,1H), 7.25(m,1H), 7.07(m,1H), 4.75(m,1H), 3.80(d,J=12.4Hz,3H),
3.30(m,1H), 3.15(s,3H), 3.04(m,1H).

Example 8

[0087]

(2s)‑2‑(2,6-dichloro‑4‑(2‑(methoxy(3-hydroxyphenyl)phosphoryl)ethyl)benzylamido)‑3‑(3‑( methylsulfonyl)phenyl)pro-
pionic acid

[0088] The specific reaction equation is as follows:

[0089] Compound 7.2 (10 mg) was dissolved in methanol (1 ml), 1 mg of Pd/C (10%) was added, the mixture was
hydrogenated under normal pressure for 1 hour, filtered and spun-dried, purified to give 4 mg of target product.
[0090] LCMS ESI (+) m/z: 613.6 (M+1).
[0091] 1H-NMR(400MHz,DMSO) δ 9.87(s,1H), 9.04(d,J=8.4Hz,1H), 7.86(s,1H), 7.77(d,J=8Hz,1H),
7.67(d,J=7.6Hz,1H), 7.56(dd,J=8Hz,J=7.6Hz,1H), 7.37(m,1H), 7.34(s,2H), 7.15(m,2H), 7.00(m,1H), 4.75(m,1H),
3.50(d,J=11.6Hz,3H), 3.27(m,1H), 3.15(s,3H), 3.01(m,1H), 2.72(m,2H), 2.30(m,2H).

Example 9

[0092]
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(2s)‑2‑(2,6-dichloro‑4‑(methyl(phenyl)phosphoryl)ethynyl)benzamido)‑3‑(3‑(methylsulfonyl) phenyl)propanoic acid

[0093] The specific reaction equation is as follows:

Step A: methylphenylphosphoryl chloride (Compound 9.1)

[0094] 500mgofmethylmethylphenyl phosphatewasweighed, and 10ml of thionyl chloridewas added, protectedwith
nitrogen. The reaction was performed at 75°C for 2 hours, and then spun-dried directly.

Step B: methyl 2,6-dichloro‑4‑((phenyl(methyl)phosphoryl)ethynyl)benzoate (Compound 9.2)

[0095] 200 mg of methyl 2,6-dichloro‑4-ethynylbenzoate was dissolved in 2 ml of tetrahydrofuran, protected with
nitrogen, and 0.66 ml of 2 mol/L isopropyl magnesium chloride was added at 0°C, and stirred for 20 minutes; Compound
9.1 was dissolved in 0.5 ml of tetrahydrofuran and added, the reaction was performed for 20 minutes. The reaction was
quenched with 1 mol/L dilute HCl solution, extracted three times with 30 mL ethyl acetate, the organic phases were
combined, spun-dried and purified to obtain the product (200 mg, 60%).
[0096] LCMS ESI(+) m/z: 366.6 (M+1).

Step C: 2,6-dichloro‑4‑((methyl(phenyl)phosphoryl)ethynyl)benzoic acid (Compound 9.3)

[0097] Compound 9.2 (200 mg) and lithium iodide (200 mg) were dissolved in 2 ml of pyridine, protected with nitrogen,
stirred at 120°C for 3 hours, cooled and spun-dried, and 10 ml of 1 mol/L dilute HCl solution was added. It was extracted
three times with 40mL of ethyl acetate, and the organic phases were combined, spun-dried without purification (150mg).
LCMS ESI(+) m/z: 352.6 (M+1).

Step D: benzyl

(2s)‑2‑(2,6-dichloro‑4‑((methyl(phenyl)phosphoryl)ethynyl)benzamido)‑3‑(3‑(methylsulfonyl )phenyl)propionate (Com-
pound 9.4)

[0098] Compound 9.3 was dissolved in DMF, and benzyl (2s)‑2-amino‑3‑(3‑(methylsulfonyl)phenyl)propanoic acid
hydrochloride (2eq)wasadded, followedbyDIPEA (10eq), andHATU(2.5eq).After stirringat normal temperature for 4 h,
10 ml of dilute hydrochloric acid solution was added. It was extracted three times with EA, and the organic phases were
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combined, spun-dried, and purified to give 150 mg of the target product. LCMS ESI (+) m/z: 667.5 (M+1).

Step E:

(2s)‑2‑(2,6-dichloro‑4‑((methyl(phenyl)phosphoryl)ethynyl)benzamido)‑3‑(3‑(methylsulfonyl )propionic acid (Com-
pound 9)

[0099] Compound 9.4 (20 mg) was dissolved in DCM and 1 mol/L boron tribromide (10 eq) was added at low
temperature, stirred at 0°C for 30 minutes, then the reaction was quenched at ‑40°C, extracted three times with EA,
and the organic phases were combined, spun-dried, and purified to give 10 mg of the target product. LCMS ESI(+) m/z:
577.6 (M+1).
[0100] 1H-NMR(400MHz,DMSO) δ 9.21(d,J=8.4Hz,1H), 7.91(m,2H),7.86(s,1H), 7.80(s,2H),

7.77(d,J=4.4Hz,1H), 7.67(m,2H), 7.62(m,2H), 7.57(m,1H), 4.80(m,1H), 3.29(m,1H),
3.15(s,3H), 3.03(m,1H), 2.02(d,J=14.8Hz,3H), 2.11(m,2H).

Example 10

[0101]

(2s)‑2‑(2,6-dichloro‑4‑(2‑(methyl(phenyl)phosphoryl)ethyl)benzamide)‑3‑(3‑(methylsulfonyl )phenyl)propionic acid

[0102] The specific reaction equation is as follows:

[0103] Compound 9.4 (10 mg) was dissolved in methanol (1 ml), and 1 mg of Pd/C (10%) was added, the mixture was
hydrogenated under normal pressure for 1 hour, filtered and spun-dried, purified to give 3mg of the target product. LCMS
ESI(+)m/z: 581.6 (M+1). 1H-NMR(400MHz,DMSO) δ 9.04(d,J=8.4Hz,1H), 7.86(s,1H), 7.78(m,3H), 7.67(d,J=7.6Hz,1H),
7.56(m,4H), 7.31(s,2H), 4.75(m,1H), 3.27(m,1H), 3.15(s,3H), 3.01(dd,J=14Hz, 10.4Hz, 1H), 2.79(m,2H), 2.29(m,2H),
1.67(d,J=13.4Hz,3H.).

Example 11

[0104]
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(2s)‑2‑(2,6-dichloro‑4‑((methyl(3-hydroxyphenyl)phosphoryl)ethynyl)benzylamino)‑3‑(3‑(m ethylsulfonyl)phenyl)pro-
pionic acid

[0105] The specific reaction equation is as follows:

Step A: ethyl (m-methoxyphenyl)methyl phosphate (Compound 11.1)

[0106] Thionyl chloride (10 ml) was added to the compound diethyl m-methoxy phosphate (2 g), and the mixture was
stirred at 75°C overnight. After spinning dry, 3 mol/L methyl magnesium chloride (5 ml) was added at 0°C, stirred for 30
minutes, then the reactionwas quenchedwith dilute HCl solution, extractedwith EA, dried and spun-dried, purified to give
the target product (1.2 g, 68%). LCMS ESI(+) m/z: 214.6 (M+1).

Step B: (m-methoxyphenyl)methylphosphoryl chloride (Compound 11.2)

[0107] To Compound 11.1 (150mg), thionyl chloride was added, the mixture was stirred at 70°C for 3 hours, and spun-
dried to give the target product.

Step C: methyl 2,6-dichloro‑4‑(((m-methoxyphenyl)(methyl)phosphoryl)ethynyl)benzoate

(Compound 11.3)

[0108] 100 mg of methyl 2,6-dichloro‑4-ethynylbenzoate was dissolved in 1.5 ml of tetrahydrofuran, protected with
nitrogen, 0.7ml of 2mol/L of isopropyl magnesium chloride was added at 0°C, and stirred for 20minutes; Compound 11.2
wasdissolved in0.5ml of tetrahydrofuranandadded, the reaction lasted for 20minutes. The reactionwasquenchedwith1
mol/L diluteHCl solution and extracted three timeswith 30mLof ethyl acetate. The organic phaseswere combined, spun-
dried, and purified to give the target product (90 mg, 60%). LCMS ESI (+) m/z: 396.6 (M+1).

Step D: 2,6-dichloro‑4‑((methyl(m-hydroxyphenyl)phosphoryl)ethynyl)benzoic acid

(Compound 11.4)

[0109] Compound 11.3 (90mg) was dissolved in 2ml of DCM, protectedwith nitrogen, and 0.4ml of boron tribromide (1
mol/L) was added at ‑40°C, and then stirred at 0°C for 30 minutes. The reaction was quenched at ‑40°C, extracted three
times with 30 mL of ethyl acetate, dried over anhydrous sodium sulfate and spun-dried. 80 mg of the target product was
obtained. ESI(+) m/z: 368.6 (M+1).

Step E: benzyl

21

EP 3 647 315 B9

5

10

15

20

25

30

35

40

45

50

55



(2s)‑2‑(2,6-dichloro‑4‑((methyl(3-hydroxyphenyl)phosphoryl)ethynyl)benzylamino)‑3‑(3‑(m ethylsulfonyl)phenyl)pro-
pionate (Compound 11.5)

[0110] Compound 11.4 was dissolved in DMF and benzyl (2s)‑2-amino‑3‑(3‑(methylsulfonyl)phenyl)propanoic acid
hydrochloride (2 eq) was added, then followed by DIPEA (10 eq) and HATU (2.5 Eq). After stirring at normal temperature
for 4 h, 10 ml of dilute HCl solution was added, extracted three times with EA, and the organic phases were combined,
spun-dried.Purificationwaspreparedwith the reversephase,andspun-driedatunder reducedpressureat 45°C togive70
mg of the target product. LCMS ESI(+) m/z: 683.5 (M+1).

Step F:

(2s)‑2‑(2,6-dichloro‑4‑((methyl(3-hydroxyphenyl)phosphoryl)ethynyl)benzylamino)‑3‑(3‑(m ethylsulfonyl)phenyl)pro-
pionic acid (Compound 11)

[0111] Compound 11.5 (20mg) was dissolved in 1ml of DCM, protected with nitrogen, and 0.5ml of boron tribromide (1
mol/L) was added at ‑40°C, and then stirred at 0°C for 30 minutes. The reaction was quenched by adding water at ‑40°C,
extracted with 30 mL EA, dried over anhydrous sodium sulfate, spun-dried, and purified to give 8 mg of product.
[0112] LCMS ESI (+) m/z: 593.5 (M+1).
[0113] 1H-NMR(400MHz,DMSO), δ 9.98(s,1H), 9.22(d,J=8.4Hz,1H), 7.86(s,1H), 7.79(s,2H),

7.77(m,1H), 7.67(d,J=8Hz,1H), 7.58(dd,J=8Hz,J=7.6Hz,1H), 7.40(m,1H), 7.31(m,1H),
7.26(m,1H), 7.02(m,1H), 4.80(m,1H), 3.32(m,1H), 3.15(s,3H), 3.03(dd,J=14,J=10.8,1H),
1.97(d,J=14.8Hz,3H).

Example 12

[0114]

(2s)‑2‑(2,6-dichloro‑4‑((methoxy(3-methoxyphenyl)phosphoryl)ethynyl)benzylamino)‑3‑(3‑( methylsulfonyl)phenyl)pro-
pionic acid

[0115] The specific reaction equation is as follows:

[0116] Compound 7.1 (10 mg) was dissolved in 1 ml of DCM, protected with nitrogen, and 0.5 ml of boron tribromide (1
mol/L) was added at ‑40°C, stirred for 30 minutes, then quenched with water, extracted with 30 ml of EA, dried over
anhydrous sodium sulfate, spun-dried and purified to give 3 mg of the product.
[0117] LCMS ESI(+) m/z: 623.5(M+1).
[0118] 1H-NMR(400MHz,DMSO) δ 9.20(d,J=7.6Hz,1H) ,7.87(s,2H), 7.86(s,1H), 7.77(d,J=8Hz,1H),
7.67(d,J=7.6Hz,1H), 7.55(m,2H), 7.44(m,1H), 7.30(m,2H), 4.80(m,1H), 3.84(d,J=12.4Hz,3H), 3.83(s,3H), 3.30(m,1H),
3.15(s,3H), 3.03(dd,J=14,J=9.4,1H).
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Example 13

[0119]

(2s)‑2‑(2,6-dichloro‑4‑((hydroxy(3-methoxyphenyl)phosphoryl)ethynyl)benzylamino)‑3‑(3‑( methylsulfonyl)phenyl)pro-
pionic acid

[0120] The specific reaction equation is as follows:

[0121] Compound7.1 (10mg)wasdissolved in1mlofTHF,and lithiumhydroxide (20mg)was takenanddissolved in0.5
ml of water, stirred at room temperature for 5 minutes. PH = 1 was adjusted with concentrated hydrochloric acid, spun-
dried, and purified to give 4 mg of product.
[0122] LCMS ESI (+) m/z: 609.6 (M+1).
[0123] 1H-NMR(400MHz,DMSO) δ 9.20(d,J=8.4Hz,1H), 7.85(s,1H), 7.77(d,J=8Hz,1H), 7.66(d,J=9.4Hz,1H),
7.65(s,2H), 7.57(dd,J=8Hz,J=7.6Hz,1H), 7.43(m,1H),7.38(m,1H), 7.28(m,1H), 7.14(m,1H), 4.79(m,1H),
3.30(dd,J=14.8Hz,J=4.8Hz,1H), 3.15(s,3H), 3.03(dd,J=14.4,J=10.8,1H).

Example 14

[0124]

(2s)‑2‑(2,6-dichloro‑4‑(2‑(methyl(3-hydroxyphenyl)phosphoryl)ethyl)benzylamino)‑3‑(3‑(me thylsulfonyl)phenyl)propio-
nic acid

[0125]
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[0126] Compound 11.5 (10mg) was dissolved in methanol (1 ml), and 1mg of Pd/C (10%) was added, themixture was
hydrogenated at normal pressure for 1 hour, filtered and spun-dried, purified to give 3mg of the target product. LCMSESI
(+) m/z: 597.6(M+1).
[0127] 1H-NMR(400MHz,DMSO) δ 9.79(s,1H), 9.05(d,J=8Hz,1H), 7.86(s,1H), 7.77(d,J=8Hz,1H), 7.67(d,J=8Hz,1H),
7.56(t,J=7.6Hz,1H), 7.34(s,2H), 7.33(m,1H), 7.17(m,2H), 6.93(d,J=7.6Hz,1H), 4.75(m,1H),
3.29(dd,J=14Hz,J=4.4Hz,1H), 3.15(s,3H), 3.00(dd,J=14Hz,10.4Hz,1H), 2.78(m,2H), 2.23(m,2H), 1.97(d,J=13.2Hz,3H).

Example 15

[0128]

(2s)‑2‑(2,6-dichloro‑4‑((methyl(4-hydroxyphenyl)phosphoryl)ethynyl)benzylamino)‑3‑(3‑(m ethylsulfonyl)phenyl)pro-
pionic acid

[0129] the same procedure as in Example 11 was carried out except that "diethyl m-methoxy phosphate" was replaced
with "diethyl p-methoxy phosphate". LCMS ESI (+) m/z: 594.1 (M+1).
[0130] 1H-NMR(400MHz,DMSO) δ 10.39(s,1H), 9.21(d,J=8Hz,1H), 7.86(s,1H), 7.77(s,2H), 7.71‑7.66 (m, 3H),
7.57(t,J=8Hz,1H), 6.94(d,J=7.6Hz,2H), 4.79(m,1H), 3.29(dd,J=14Hz,J=4.4Hz,1H), 3.15(s,3H),
3.02(dd,J=14Hz,10.4Hz,1H), 1.94(d,J=13.2Hz,3H).

Example 16

[0131]

benzyl

(2s)‑2‑(2,6-dichloro‑4‑((hydroxy(phenyl)phosphoryl)ethynyl)benzamide)‑3‑(3‑(methylsulfon yl)phenyl)propionate

[0132] the same procedure as in Example 13 was carried out except that "Compound 7.1" was replaced with
"Compound 1.4".
[0133] LCMS ESI (+) m/z: 580.1 (M+1).
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[0134] 1H-NMR(400MHz,DMSO)δ9.16(d,J=8Hz,1H),7.84(s,1H),7.81‑7.76 (m, 3H),7.66(d,J=8Hz,1H), 7.59(s,2H),
7.57‑7.47 (m, 5H), 4.80(m,1H), 3.29(dd,J=14Hz,J=4.4Hz,1H), 3.14(s,3H), 3.02(dd,J=14Hz,10.4Hz,1H).

Example 17

[0135]

(2s)‑2‑(2,6-dichloro‑4‑(2‑(methyl(3-hydroxyphenyl)phosphoryl)ethyl)benzamido)‑3‑(2-theno ylamide)propyl acid

[0136] The specific reaction equation is as follows:

Step A: methyl 3‑(2‑ thenoylamide)‑N‑[(1,1-dimethylethoxy)carbonyl]‑L-alanine (Compound 17.1)

[0137] Methyl ((S)‑3-amino‑2‑((1,1-dimethylethoxy)amide)propanoate, HCl salt (2.55 g, 10 mmol) were dissolved in
water (30 mL), placed on the ice bath and stirred. THF (20 mL), NaOH (1.0 M aqueous solution, 25 mL) and 2-
Thiophenecarbonyl chloride (11 mmol) were added to the resulting solution. After the reaction was stirred for 10 min.,
EtOAc (100 mL) was added therein, and the aqueous layer was separated and discarded. The organic layer was rinsed
withwater (25mL)andsaturatedNaClsolution, and thendriedoveranhydrousMgSO4, filtered, spun-dried togive thepure
Compound 17.1 (3.3g, 100%). LCMS ESI(+) m/z: 329(M+1).

Step B: methyl (S)‑2-amino‑3‑(2-thenoylamide)propionic acid (Compound 17.2)

[0138] Compound 17.1 (1.0 g)was dissolved inDCM (20mL), HCl-dioxane solution (4.0M, 5mL)was added, stirred for
2 h, spun-dried, and the obtained product (hydrochloride) was directly used for the next reaction. LCMS ESI (+) m/z: 229
(M+1).

Step C: methyl 2,6-dichloro‑4‑(((m-methoxyphenyl)(ethoxy)phosphoryl)ethyl)benzoate (Compound 17.3)

[0139] Compound 2.2 (2.0 g) was dissolved in methanol (20 ml), and 100 mg of Pd/C (5%) was added, hydrogenated
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under normal pressure for 2 hours, filtered and spun-dried to give 2.0 g of the target product.
[0140] LCMS ESI (+) m/z: 401.1 (M+1)

Step D: methyl 2,6-dichloro‑4‑(((m-hydroxyphenyl)(ethoxy)phosphoryl)ethyl)benzoate

(Compound 17.4)

[0141] Compound 11.3 (500mg) was dissolved in 10ml of DCM, protectedwith nitrogen, and 3.0ml of boron tribromide
(1mol/L)wasaddedat ‑40°C, and then stirredat 0°C for 30minutes. The reactionwasquenchedbyaddingwater at ‑40°C,
extracted three times with 30mL of EA, dried over anhydrous sodium sulfate, and spun-dried, to give 450mg of the target
product. ESI(+) m/z: 373 (M+1).

Step E: methyl

(2s)‑2‑(2,6-dichloro‑4‑(2‑(methyl(3-hydroxyphenyl)phosphoryl)ethyl)benzamido)‑3‑(2-theno ylamide)propionate (Com-
pound 17.5)

[0142] Compound 17.4 (100 mg) was dissolved in DMF (3 mL). Compound 17.4 (2 eq) was then added, followed by
DIPEA (10 eq) and HATU (2.5 eq). After stirring at normal temperature for 4 h, 10 ml of dilute HCl solution was added,
extracted three times with EA, and the organic phases were combined, spun-dried. Purification was prepared with the
reverse phase, and spun-dried under reduced pressure at 45°C to yield 70 mg of the target product.
[0143] LCMS ESI (+) m/z: 583 (M+1).

Step F:

(2s)‑2‑(2,6-dichloro‑4‑(2‑(methyl(3-hydroxyphenyl)phosphoryl)ethyl)benzamido)‑3‑(2-thenoylamide)propionic acid
(compound 17)

[0144] Compound 17.5 (10 mg) was dissolved in 1 ml of THF, and lithium hydroxide (20 mg) was dissolved in 0.5 ml of
water, mixed, and stirred at room temperature for 5 minutes. PH = 1 was adjusted with concentrated hydrochloric acid,
spun-dried, and purified by high pressure liquid phases to give 5.2 mg of product.

LCMS ESI(+) m/z: 569 (M+1)

[0145] 1H NMR (400 MHz, CD3OD): δ 7.69‑7.67 (m, 2H), 7.42‑7.37 (m, 1H), 7.26 (s, 2H), 7.23‑7.12 (m, 3H), 7.03 (m,
J=8.4 Hz, 1H), 4.98 (m, 1H), 3.88‑3.84 (m, 2H), 2.93‑2.86(m, 1H), 2.77‑2.73 (m, 1H), 2.42‑2.32 (m, 2H), 1.78 (m, J=13.2
Hz, 3H).

Example 18

[0146]

(2s)‑2‑(2,6-dichloro‑4‑(2‑(methyl(3-hydroxyphenyl)phosphoryl)ethyl)benzamido)‑3‑(1‑(meth ylsulfonamide)‑1,2,5,6-
tetrahydropyridin‑3-yl)propionic acid

[0147] The specific reaction equation is as follows:
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Step A: methyl

(S)‑2‑((tert-butyloxycarbonyl)amino)‑3‑(1-methyl‑1,2,5,6-tetrahydropyridin‑3-yl)propionate)

(Compound 18.1)

[0148] Compound: methyl Boc‑3‑(3-pyridyl)‑L-alaninate (2.8 g, 10mmol) was dissolved in ethanol (40mL), andmethyl
iodide (2mL)wasadded to the solution, and the reactionwasstirredat 40°Cuntil the reactionwascompleted. The reaction
temperaturewas lowered to0°C,andsodiumborohydride (2g)wasadded to thesolution inportions.After the reactionwas
stirred for 1hour, 5ml of acetonewasadded to the reaction, andEtOAc (100mL)wasadded.The resultingorganic solution
was washed with saturated NH4Cl solution (20 mL), water (30 mL) and saturated salt solution, dried over anhydrous
MgSO4, filteredandspun-dried. Thecrudeproduct obtainedwaspurifiedbysilicagel column (0‑10%MeOH/DCM) to yield
Compound 18.1.

Step B: methyl

(S)‑2‑((tertbutyloxycarbonyl)amino)‑3‑(1‑(methylsulfonylamide)‑1,2,5,6-tetrahydropyridin‑3-yl)propionate (Compound
18.2)

[0149] Compound 18.1 (1.5 g, 5 mmol) was dissolved in DCE (20 mL). 1-chloroethyl chloroformate (7.5 mmol) was
added, and the reaction was heated to 40°C, kept for 2 hours and spun-dried. Dry methanol (20 mL) was added, and the
mixture was refluxed for 1 hour and then spun-dried. DCM (20 ml) and TEA (15 mmol) were added to the obtained
intermediate product, and the mixture was cooled to 0°C, and methanesulfonyl chloride (7.5 mmol) was added to the
reaction. After stirring for 1 hour, the reaction was diluted with EtOA (80 ml), washed twice with water, dried, filtered and
spun-dried to yield Compound 18.2.

Step C: methyl

(S)‑2-amino‑3‑(1‑(methylsulfonylamide)‑1,2,5,6-tetrahydropyridin‑3-yl)propionate

(Compound 18.3)

[0150] Compound 18.2 (100 mg) was dissolved in DCM (5 mL). HCl-dioxane solution (4.0 M, 1 mL) was added, the
reaction was stirred for 2 hours and spun-dried, the obtained product (hydrochloride) is ready for direct use in the further
reaction. LCMS ESI (+) m/z: 229 (M+1).

Step D:

(2s)‑2‑(2,6-dichloro‑4‑(2‑(methyl(3-hydroxyphenyl)phosphoryl)ethyl)benzamido)‑3‑(1‑(meth ylsulfonylamide)‑1,2,5,6-
tetrahydropyridin‑3-yl)propionic acid (Compound 18)

[0151] The sameprocedure for preparingCompound 17 fromCompound 17.4was used to prepareCompound 18 from
17.4, wherein Compound 17.3 was replaced by Compound 18.2.

Example 19

[0152]
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(2s)‑3‑((R)‑N’-cyano‑3-hydroxytetrahydropyrrol‑1-formamidino)‑2‑(2,6-dichloro‑4‑(2‑(methy l(3-hydroxyphenyl)phos-
phoryl)ethyl)benzamido)propionic acid

[0153] The specific reaction equation is as follows:

Step A: methyl

1-cyano‑9,9-dimethyl‑2‑(methylthio)‑7-carbonyl‑8-oxy‑1,3,6-triazadecane‑1-ene‑5-carboxyl ate (Compound 19.1)

[0154] methyl 3-amino-N-tert-butoxycarbonyl-L-alaninate,HCl salt (2.55g, 10mmol)weredissolved inethanol (30mL),
and dimethyl N-cyanoimido-S,S-dithiocarbonate (10mmol) and DIPEA (3mL) were added. The reaction was stirred for 6
hours, and EtOAc (100mL) was added thereto. Themixture waswashedwith water (25mL) and saturatedNaCl solution,
then dried over anhydrousMgSO4, filtered, and spun-dried to yield the pure Compound 18.1, which is ready for direct use
in the further reaction.

Step B: methyl

1-cyano‑2‑((R)‑3-hydroxytetrahydropyrrol‑1-yl)‑9,9-dimethyl‑7-carbonyl‑8-oxy‑1,3,6-triazad odecane‑1-ene‑5-carbox-
ylate.

[0155] The obtained Compound 19.1 was dissolved in acetonitrile (20 ml), and (R)‑pyrrolidin‑3-ol (20 mmol) and silver
nitrate (20 mmol) were added. The reaction was refluxed for 8 hours, filtered over silica gel and spun-dried. The crude
product was separated on a silica gel column, and separated with 100/5/1 DCM/MeOH/EtOAc to yield the product.

Step C:

(2s)‑2-amino‑3‑((R)‑N’-cyano‑3-hydroxytetrahydropyrrol‑1-formamidino)benzamido)propan oic acid (Compound 19.3)

[0156] Compound 19.2 (100mg) was dissolved in DCM (5mL), HCl-dioxane solution (4.0M, 1mL) was added, and the
reaction was stirred for 2 hours, and spun-dried. The obtained product (hydrochloride) is ready for direct use in the further
reaction.

Step D:
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(2s)‑3‑((R)‑N’-cyano‑3-hydroxytetrahydropyrrol‑1-formamidino)‑2‑(2,6-dichloro‑4‑(2‑(methy l(3-hydroxyphenyl)phos-
phoryl)ethyl)benzamido)propionic acid (Compound 19)

[0157] The sameprocedure for preparingCompound 17 fromCompound 17.4was used to prepareCompound 19 from
17.4, wherein Compound 17.3 was replaced by Compound 19.3. LC-MS: m/z 595.7 (M+H)+.
[0158] 1H NMR (400 MHz, CD3OD): δ 7.40‑7.35 (m, 1H), 7.28‑7.27 (m, 2H), 7.21‑7.12 (m, 2H), 7.05‑7.02 (m, 1H),
4.80‑4.86 (m, 1H), 4.60‑4.29 (m, 4H), 3.45‑3.41 (m, 1H), 3.27‑3.24 (m, 1H), 3.15‑2.71 (m, 3H), 2.44‑2.32 (m, 2H),
2.05‑1.74 (m, 5H).

Example 20

[0159]

(2s)‑2‑(2,6-dichloro‑4‑(ethyl(3-hydroxyphenyl)phosphoryl)ethynyl)benzamido)‑3‑(3‑(methyl sulfonylamide)phenyl)pro-
pionic acid

[0160] The specific reaction equation is as follows:

Step A: methyl ethyl(3-methoxyphenyl)phosphate (Compound 20.1)

[0161] dimethyl (3-methoxyphenyl)phosphate (2.16 g, 10mmol)was dissolved in anhydrous THF (30mL). The solution
was cooled to ‑78°C, and EtMgBr (1.0 M, 10.5 ml) was added. The reaction was gradually warmed to room temperature
(temperature rising process lasted for about 2 hours), the reactionwas quenchedwith saturated aqueousNH4Cl solution,
and EtOAc (100 mL) was added. The reaction was washed with water, dried over anhydrous MgSO4, filtered and spun-
dried. The crude product was isolated on a silica gel column to give the target product.

Step B: Ethyl(3-methoxyphenyl)phosphoryl chloride (Compound 20.2)

[0162] Compound 20.1 was dissolved in DCE (10mL), oxalyl chloride (5 ml) was added, and the resulting solution was
refluxed for 5 hours, and the reaction solution was spun-dried to give the target product ready for direct use in the further
step.

Step C:
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(2s)‑2‑(2,6-dichloro‑4‑(ethyl(3-hydroxyphenyl)phosphoryl)ethynyl)benzamido)‑3‑(3‑(methyl sulfonyl)phenyl)propionic
acid (Compound 20)

[0163] The exact same procedure for preparing Compound 2 was carried out for preparing Compound 20, wherein
Compound 20.2 was used to replace Compound 2.1.

Example 21

[0164]

(2s)‑2‑(2,6-dichloro‑4‑(ethyl(3-hydroxyphenyl)phosphoryl)ethyl)benzamido)‑3‑(3‑(methylsul fonyl)phenyl)propionic
acid

[0165] The exact same procedure for preparing Example 3 was carried out for preparing Example 21, wherein
Compound 2 was replaced by Compound 20. LCMS ESI(+) m/z: 612.1. (M+1). 1H-NMR(400MHz,DMSO)
δ9.75(s,1H),9.03(d,J=8Hz,1H),7.85(s,1H),7.78(d,J=8Hz,1H),7.67 (d,J=8Hz,1H),7.56(t,J=7.6Hz,1H),
7.43(m,1H),7.41(s,2H), 7.16‑7.12(m,2H),

6.93(d,J=7.6Hz,1H), 4.75(m,1H), 3.29(dd,J=14Hz,J=4.4Hz,1H), 3.15(s,3H),
3.00(dd,J=14Hz,10.4Hz,1H), 2.78‑2.50(m,2H), 2.26(m,2H), 1.86(m,2H),
0.93(dt,J=13.0Hz,7.2Hz,3H).

Example 22

[0166]

(2s)‑2‑(2,6-dichloro‑4‑(cyclopropyl(3-hydroxyphenyl)phosphoryl)ethyl)benzamido)‑3‑(3‑(me thylsulfonyl)phenyl)pro-
pionic acid

[0167] The exact same procedure for preparing Example 21 was used for preparing Example 22, wherein the ethyl
Grignard reagent was replaced by the cyclopropyl Grignard reagent. LCMS ESI(+) m/z: 624.1 (M+1).
[0168] 1H-NMR(400MHz,DMSO) δ 9.80 (s,1H), 9.03(d,J=8Hz,1H), 7.85(s,1H),

7.78(d,J=8Hz,1H), 7.67(d,J=8Hz,1H), 7.56(t,J=7.6Hz,1H), 7.41(s,2H), 7.40(m,1H),
7.18‑7.23(m,2H), 6.93(d,J=7.6Hz,1H), 4.75(m,1H), 3.29(dd,J=14Hz,J=4.4Hz,1H),
3.15(s,3H), 3.02(dd,J=14Hz,10.4Hz,1H), 2.80(m,1H), 2.60(m,1H), 2.26(m,2H), 1.22(m,1H),
0.82(m,2H), 0.71(m,1H), 0.52(m,1H).
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Example 23

[0169]

(2s)‑2‑(2,6-dichloro‑4‑(butyl(3-hydroxyphenyl)phosphoryl)ethyl)benzamido)‑3‑(3‑(methylsul fonyl)phenyl)propionic
acid

[0170] The exact same procedure for preparing Example 21 was used to prepare Example 23, wherein the ethyl
Grignard reagent was replaced by the butyl Grignard reagent. LCMS ESI(+) m/z: 630.1 (M+1).
[0171] 1H-NMR(400MHz,DMSO) δ 9.75 (s,1H), 9.03(d,J=8Hz,1H), 7.85(s,1H), 7.78(d,J=8Hz,1H), 7.67(d,J=8Hz,1H),
7.56(t,J=7.6Hz,1H), 7.42(m,1H), 7.41(s,2H), 7.18‑7.12(m,2H), 6.93(d,J=7.6Hz,1H), 4.75(m,1H),
3.29(dd,J=14Hz,J=4.4Hz,1H), 3.15(s,3H), 3.00(dd,J=14Hz,10.4Hz,1H), 2.78 (m,1H), 2.52 (m,1H), 2.26(m,2H),
1.83(m,2H), 1.45(m,2H), 1.24‑1.20(m,3H), 0.80(t,J= 7.2Hz,3H).

Example 24

[0172]

(2s)‑2‑(2,6-dichloro‑4‑((methyl(benzofuran‑6-yl)phosphoryl)ethynyl)benzylamino)‑3‑(3‑(met hylsulfonyl)phenyl)propio-
nic acid

[0173] The specific reaction equation is as follows:

Step A: Diethyl benzofuran‑6-yl phosphonate (Compound 24.1)

[0174] Compound 6-bromobenzofuran (2.0 g, 10mmol) was dissolved in diethyl phosphite (6 mL). Pd(OAc)2 (200mg)
and TEA (1ml) were added. The reactionwas heated to 200°C on amicrowave reactor for 30minutes. EtOAc (80ml) was
added, washed twice with water, dried, filtered and spun-dried. The crude product was separated on a silica gel column,
0‑10% MeOH/DCM was mobile phase, and the target product 24.1 was obtained.
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Step B: methyl(benzofuran‑6-yl) phosphonoacetate (Compound 24.2)

[0175] Compound 24.1 (1.27 g) was dissolved in THF (20 mL). The solution was cooled to ‑78°C, and MeMgBr (1.0 M,
5ml) was added. The reaction was gradually warmed to room temperature (the temperature rising process lasted for 2
hours), and quenchedwith saturated aqueousNH4Cl solution. EtOAc (100mL) was added, and the reactionwaswashed
once with water, dried over anhydrous MgSO4, filtered and spun-dried. The crude product was isolated on a silica gel
column to give the target product.

Step C: methyl(benzofuran‑6-yl)phosphoryl chloride (Compound 24.3)

[0176] Compound 24.2 was dissolved in thionyl chloride (5 ml), and the resulting solution was refluxed for 5 hours, and
the reaction solution was spun-dried to give the target product for direct use in the further step.

Step D:

(2s)‑2‑(2,6-dichloro‑4‑((methyl(benzofuran‑6-yl)phosphoryl)ethynyl)benzylamino)‑3‑(3‑(sulf onyl)phenyl)propionic acid
(Compound 24)

[0177] The exact same procedure for preparing Compound 2 was used to prepare Compound 24, wherein Compound
24.3 was used to replace Compound 2.1.
[0178] LCMS ESI(+) m/z: 619.4 (M+1).
[0179] 1H-NMR(400MHz,DMSO)δ9.20(d,J=8.4Hz,1H),7.85‑7.74(m,5H),7.70‑7.63 (m, 2H),7.59‑7.44(m,2H),
7.40‑7.33(m,1H), 7.57‑7.47 (m, 5H), 4.80(m,1H), 3.30(dd,J=19Hz,J=4.8Hz,1H), 3.14(d, J=3.2Hz ,3H),
3.02(m,1H),2.16(d, J=16Hz,3H).

Example 25

[0180]

(2s)‑2‑(2,6-dichloro‑4‑((methyl(benzofuran‑6-yl)phosphoryl)ethyl)benzylamino)‑3‑(3‑(methy lsulfonyl)phenyl)propionic
acid

[0181] Theexact sameprocedure for preparingExample 3was used to prepareExample 2,whereinCompound24was
used to replace Compound 2.
[0182] LCMS ESI(+) m/z: 622.1 (M+1).
[0183] 1H-NMR(400MHz,DMSO)δ9.04(d,J=8Hz,1H),8.16(s,1H),8.03(d,J=11Hz,1H)7.87(s,1H),7.8 3(d,J=8Hz,1H),
7.78(d,J=8Hz,1H), 7.67(d,J=8Hz,1H), 7.57(t,J=7.6Hz,1H), 7.42(s,1H),7.32(s,2H), 7.07(s,1H), 4.75(m,1H),
3.29(dd,J=14Hz,J=4.4Hz,1H), 3.16(s,3H), 3.02(dd,J=14Hz,10.4Hz,1H), 2.88 (m,1H), 2.68(m,1H), 2.34 (m,2H),
1.71(d, J=13.2Hz,3H).

Example 26

[0184]
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(2s)‑2‑(2,6-dichloro‑4‑((methyl(benzofuran‑2-yl)phosphoryl)ethyl)benzamido)‑3‑(3‑(methyls ulfonyl))phenyl)propionic
acid

[0185] The exact same procedure for preparing compound 25 was used to prepare compound 26, wherein 2-
benzofuran was used to replace 6-benzofuran.
[0186] LCMS ESI(+) m/z: 623.6 (M+1).
[0187] 1H-NMR(400MHz,DMSO)δ9.03(d,J=8Hz,1H),7.86(s,1H),7.76(d, J=8Hz,2H), 7.67(t,2H),

7.60(s,1H), 7.56(t,1H), 7.45 (t, 1H), 7.38(s,2H), 7.34(t,1H), 4.75(m,1H),
3.29(dd,J=18.4Hz,J=4.4Hz,1H), 3.01(dd,J=20.4Hz, J=10.4Hz 1H), 2.85(m2H), 2.39(m, 2H),
1.84(d, J=14Hz,3H).

Example 27

[0188]

(2s)‑2‑(2,6-dichloro‑4‑((methyl(1H-indol‑5-yl)phosphoryl)ethyl)benzylamino)‑3‑(3‑(methylsu lfonyl)phenyl)propionic
acid

[0189] The exact same procedure for preparingCompound 25was used to prepareCompound 26, wherein 1-Ms‑5-Br-
indole was used to replace 6-benzofuran.

Example 28

[0190]

(2S)‑2‑(2,6-dichloro‑4‑(((methyl(phenyl)phosphoryl)oxy)methyl)benzamido)‑3‑(3‑(methylsul fonyl)phenyl)propionic
acid

[0191] The specific reaction equation is as follows:
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Step A: methyl 2,6-dichloro‑(4-hydroxymethyl)benzoate (Compound 28.1)

[0192] Dimethyl 2,6-dichloroterephthalate (2.63 g, 10 mmol) was dissolved in THF (50 mL), lithium borohydride (12
mmml)was slowly added, and the reactionwas stirred for 1 hour, then acetone (1ml) andEtOAc (100ml)wereadded. The
resulting solutionwaswashed twicewithwater, dried over anhydrousNa2SO4, filtered and spun-dried. The crudeproduct
was ready for direct use in the further step.

Step B: 2,6-dichloro‑(4-hydroxymethyl)benzoic acid (Compound 28.2)

[0193] Compound 28.1 was dissolved in pyridine (20 ml), lithium iodide (15 mmml) was added, and the reaction was
stirred under reflux for 5 hours, then spun-dried, and the crude productwas purified using silica gel column, and separated
with the mobile phase 95/5/0.5 (v/v/v) DCM/MeOH/AcOH.

Step C: methyl

(S)‑2‑(2,6-dichloro‑4‑(hydroxymethyl)benzamido)‑3‑(3‑(3‑(3‑(methylsulfonyl)phenyl)propio nate (Compound 28.3)

[0194] Compound28.2wasdissolved inDMF, andmethyl (2s)‑2-amino‑3‑(3‑(methylsulfonyl)phenyl)propionate hydro-
chloride (2 eq), followed by DIPEA (10 eq) and HATU (2.5 Eq). After stirring at normal temperature for 4 hours, 10 ml of
dilute hydrochloric acid solution was added, and extracted with EA three times, and the organic phases were combined
and spun-dried. Purification wasmade by reverse phase, spun-dried under reduced pressure at 45°C to obtain the target
product.

Step D:

(S)‑2‑(2,6-dichloro‑4‑(hydroxymethyl)benzamido)‑3‑(3‑(3‑(3‑(methylsulfonyl)phenyl)propan oic acid (Compound 28.4)

[0195] Compound28.3wasdissolved in THFandLiOH (2 eq)was added. The reactionwas stirred at room temperature
for 4 hours, and thedilute hydrochloric acid solutionwasadded toadjust pHvalue to about 2‑3. It wasextracted three times
with EA, and the organic phases were combined, spun-dried to give the target product. The product was not purified and
ready for direct use in the further step.

Step E:

(2S)‑2‑(2,6-dichloro‑4‑(((methyl(phenyl)phosphoryl)oxy)methyl)benzamido)‑3‑(3‑(methylsul fonyl)phenyl)propionic
acid (Compound 28).

[0196] Compound 28.4 was dissolved in DCM, cooled to 0°C, TEA (10 eq) was added, followed by methylphenylpho-
sphinic chloride (5 eq). The reaction was stirred at room temperature for 5 h, quenchedwith water (20 eq) and spun-dried.
The crude product was purified by reverse phase preparative HPLC to give the target product.

Example 29

[0197]
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(2S)‑2‑(2,6-dichloro‑4‑(((3-hydroxyphenyl))(methyl)phosphoryl)methyl)amino) benzamido)‑3‑(3‑(methylsulfonyl)phe-
nyl)propionic acid

[0198] The specific reaction equation is as follows:

Step A: (chloromethyl)(3-methoxyphenyl)(methyl)phosphorus oxide (Compound 29.1)

[0199] Chloromethyl (methyl)phosphinyl chloride (10mmol) was dissolved in anhydrous THF (30mL), cooled to ‑78°C,
and (3-methoxy)phenyl lithium (1.01 eq) was added. After the reaction was stirred for 1 hour, it was quenched with dilute
hydrochloric acid at ‑78°C. After the reaction was returned to room temperature, EtOAc (80 ml) was added. The reaction
mixture waswashedwith water, dried, filtered, and spun-dried. The crude product was purified on a silica gel column, and
the mobile phase was 0‑10% MeOH/DCM (v/v).

Step B: methyl

2,6-dichloro‑4‑((((3-methoxyphenyl)(methyl)phosphoryl)methyl)amino)benzoate

(Compound 29.2)

[0200] Compound29.1 (1eq),methyl 4-amino‑2,6-dichlorobenzoate (1.5 eq)wasdissolved in anhydrousDMF (30mL),
sodium iodide (0.1 eq) was added and cooled to 0°C and sodium hydrogen (3 eq) was added. The reaction was stirred at
room temperature until Compound29.1 disappearedandwasquenchedwith saturatedaqueousNH4Cl solution at ‑78°C.
After the reaction was returned to room temperature, EtOAc (80 ml) was added, washed with water three times, dried,
filtered and spun-dried. The crude product was purified on a silica gel column, and the mobile phase was 0‑10%
MeOH/DCM (v/v).

Step C: 2,6-dichloro‑4‑((((3-methoxyphenyl)(methyl)phosphoryl)methyl)amino)benzoic acid

(Compound 29.3)

[0201] Compound 29.2 was dissolved in DCM and 1 mol/L of boron tribromide (10 eq) was added at 0°C. The reaction
was stirred at 25°C for 30minutes, then quenched at ‑40°C, extractedwith EA3 times, the organic phaseswere combined
and spun-dried. The obtained crude product was ready for direct use in the further step.

Step D: methyl
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(2S)‑2‑(2,6-dichloro‑4‑((((3-hydroxyphenyl)(methyl)phosphoryl)methyl)amino)benzamido)‑3‑(3‑(methylsulfonyl)phe-
nyl)propanoate (Compound 29.4)

[0202] Compound 11.4 was dissolved in DMF andmethyl (2s)‑2-amino‑3‑(3‑(methylsulfonyl)phenyl)propionate hydro-
chloride (2 eq) was added, followed by DIPEA (10 eq) and HATU (2.5 eq). After stirring at normal temperature for 4 hours,
10 ml of dilute hydrochloric acid solution was added, and extracted with EA three times, and the organic phases were
combined and spun-dried. Purification was made by reverse phase, and spun-dried under reduced pressure at 45°C to
obtain the target product.

Step E:

(2S)‑2‑(2,6-dichloro‑4‑(((3-hydroxyphenyl)(methyl)phosphoryl)methyl)amino)benzamido)‑3 ‑(3‑(methylsulfonyl)phenyl)
propionic acid (Compound 29)

[0203] Compound 29.4 was dissolved in THF and LiOH (3 eq) was added. After stirring at normal temperature for 4
hours, the dilute hydrochloric acid solution was added until pH was about 2‑3, and extracted with EA 3 times, the organic
phases were combined, and spun-dried. The crude product was purified by reverse phase HPLC to yield the pure target
product.

Example 30 and Example 31

[0204]

[0205] Chiral preparative HPLC was used to resolve the compound obtained in Example 14. The chiral column was
Chiralcel OZ-H model, the mobile phase was Hexane/EtOH/TFA, and the ratio was 60/40/0.1 (V/V/V). The two isomers
were well separated. LCMS and 1HNMR data were the same as compound 14.

Example 32

(S,E)‑2‑(4‑(2‑(3-hydroxyphenyl)phosphonovinyl)‑2,6-dichlorobenzamide)‑3‑(3‑(methylsulfo nyl)phenyl)propionic acid

[0206] The specific reaction equation is as follows:
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Step A: methyl (E)‑2,6-dichloro‑4‑(2‑(diethoxyphosphono)vinyl)benzoate (Compound 32.1)

[0207] 1 g ofmethyl 2,6-dichloro‑4-aldehyde benzoate and 2.1 g of tetraethyl methylene diphosphate were dissolved in
20ml of DMF, 2 g of K2CO3 solid was added, stirred for 2 h, the solvent was removed, and the product was obtained after
purification.

Step B: methyl (E)‑2,6-dichloro‑4‑(2‑(chloroethoxyphosphonyl)vinyl)benzoate (Compound 32.2)

[0208] 1gCompound32.1wasdissolved in 10ml ofSOCl2, heated to 70°C for 4h, and the solventwas removed to yield
the product.

Step C: methyl (E)‑4‑(2‑(3-methoxyphenyl)phosphonovinyl)‑2,6-dichlorobenzoate

(Compound 32.3)

[0209] 1 g Compound 32.2 was dissolved in 20 ml of THF, cooled to 0°C, and m-methoxyphenylmagnesium bromide
was added, stirred at room temperature for 4 hours, THF was removed and the product was obtained after purification.

Step D: (E)‑4‑(2‑(3-hydroxyphenyl)ethoxyphosphonovinyl)‑2,6-dichlorobenzoate

(Compound 32.4)

[0210] 200 mg of Compound 32.3 was dissolved in 20 ml CH2Cl2, cooled to 0°C, and BBr3 was added, after 2 h of
reaction, water was added, extracted with EA, and spun-dried to give the product.

Step E: benzyl

(S, E)‑2‑(4‑(2‑(3-hydroxyphenyl)ethoxyphosphonylvinyl)‑2,6-dichlorobenzamido)‑3‑(3‑(meth ylsulfonyl)phenyl)propio-
nate (Compound 32.5)

[0211] 50mg of Compound 32.4 and 40 mg of benzyl (2s)‑2-amino‑3‑(3‑(methylsulfonyl)phenyl)propionate hydro-
chloride and 40 mg of DIPEA were dissolved in 5 ml DMF, 60 mg HATU was added, stirred overnight, and DMF was
removed, and the product was obtained after purification.

Step F:
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(S,E)‑2‑(4‑(2‑(3-hydroxyphenyl)ethoxyphosphonylvinyl)‑2,6-dichlorobenzamido)‑3‑(3‑(meth ylsulfonyl)phenyl)propio-
nic acid (Compound 32)

[0212] 15mg of Compound 32.5 was dissolved in 1ml of THF, and 0.2ml of aqueous LiOH solution was added thereto,
and the mixture was stirred for 5 minutes. The solvent was removed and the product was obtained after purification.
[0213] LCMS ESI(+) m/z:629.5(M+1).
[0214] 1H-NMR(400MHz,DMSO) δ9.18(d,J=8.4Hz,1H), 7.85(s,1H), 7.82(s,2H), 7.78(d,J=7.6Hz,1H),
7.68(d,J=7.2Hz,1H), 7.58(t,1H), 7.37(m,2H), 7.18(m,3H) 7.01(d,J=6Hz,1H), 4.80(m,1H), 3.92(m,2H), 3.3(m,2H),
3.14(s,1H), 1.24(t,J=7.8Hz , 3H).

Example 33

[0215]

(2s)‑2‑(2,6-dichloro‑4‑(2‑(hydroxy(4-hydroxyphenyl)phosphoryl)ethyl)benzamido)‑3‑(3‑(met hylsulfonyl)phenyl)propio-
nic acid

[0216] "Example 16" was converted to Example 33 using the exact same procedure as in Example 14.

LCMS ESI(+) m/z: 597.6(M+1).

[0217] 1H-NMR(400MHz,DMSO)δ10.05(s,1H), 9.04(d,J=8Hz,1H), 7.86(s,1H), 7.77(d,J=8Hz,1H), 7.67(d,J=8Hz,1H),
7.56(m,3H), 7.31(s,2H), 6.88(d,J=7.6Hz,1H), 4.75(m,1H), 3.29(dd,J=14Hz,J=4.4Hz,1H), 3.15(s,3H),
3.02(dd,J=14Hz,10.4Hz, 1H), 2.78(m,1H), 2.60(m,1H), 2.18(m,2H), 1.59(d,J=13.2Hz,3H).

Example 34

[0218]

(2s)‑2‑(2,6-dichloro‑4‑(2‑(methyl(3-hydroxyphenyl)phosphoryl)ethyl)benzamido)‑3‑(3-hydro xybenzamido)propionic
acid

[0219] Example 34 was prepared by replacing 2-thiophenecarboxylic acid in Example 17 with 3-hydroxybenzoic acid.
[0220] LC-MS: m/z 579.2 (M+H)+
[0221] 1HNMR(400MHz,CD3OD): δ7.40‑7.30 (m, 1H), 7.26‑7.20 (m, 5H), 7.19‑7.16 (m, 1H), 7.30 (d, J =8.8, 1H), 7.00
(d, J = 4.8Hz, 1H), 6.95‑6.92 (m, 1H), 4.95 (t, J=4.0 Hz, 1H), 3.84 (d, J=4.4, 2H), 2.92‑2.87 (m, 1H), 2.74‑2.71 (m, 1H),
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2.38‑2.30 (m, 2H), 1.75 (d, J = 8.4, 3H).

Example 35

[0222]

(2s)‑2‑(2,6-dichloro‑4‑(2‑(methyl(3-hydroxyphenyl)phosphoryl)ethyl)benzamido)‑3‑(3,5-dih ydroxybenzamido)propio-
nic acid

[0223] Example 35 was prepared by replacing 2-thiophenecarboxylic acid in Example 17 with 3,5-dihydroxybenzoic
acid.
[0224] LC-MS: m/z 595.2 (M+H)+
[0225] 1H NMR (400MHz, CD3OD): δ 7.41‑7.37 (m, 1H), 7.27 (s, 2H), 7.22‑7.14 (m, 2H), 7.04 ‑7.01 (m, J = 5.2Hz, 1H),
6.73 (d, J=1.6 Hz, 2H), 6.45 (t, J = 1.6 Hz, 1H), 4.97 (m, 1H), 3.80‑3.87 (m, 2H), 2.95‑2.88 (m, 1H), 2.78‑2.71 (m, 1H),
2.43‑2.29 (m, 2H) 1.78 (d, J = 8.8 Hz, 3H).

Example 36

[0226]

2‑(2,6-dichloro‑4‑(2‑(methyl(3-hydroxyphenyl)phosphoryl)ethyl)benzylamino)‑3‑(3,5‑(dimet hylsulfonyl)phenyl)propio-
nic acid

[0227] Benzyl (2s)‑2-amino‑3‑(3‑(methylsulfonyl)phenyl)propionate hydrochloride in Examples 14 and 11 was re-
placed by benzyl 2-amino‑3‑(3,5‑(dimethylsulfonyl)phenyl)propionate hydrochloride to give Example 36. LCMS ESI(+)
m/z:583.6(M+1).
[0228] 1H-NMR (400MHz,DMSO) δ 9.78 (d,J=8Hz,1H), 8.25 (d,J=7.6Hz,2H), 7.34 (s,2H), 7.18 (m,2H) , 6.95 (m,2H) ,
4.89 (m,1H), 3.45 (dd, J=15Hz, J=4.4Hz, 1H), 3.29 (s,6H), 3.22 (dd, J=15.5Hz, J=10.4Hz, 1H), 2.70 (m,2H), 2.11 (m,2H) ,
1.65 (d, J=13.2, 3H).

Example 37

[0229]
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(2s)‑2‑(2,6-dichloro‑4‑(2‑(methyl(3-hydroxyphenyl)phosphoryl)ethyl)benzylamino)‑6‑(methy Isulfonylamide)hexanoic
acid

[0230] Benzyl (2s)‑2-amino‑3‑(3‑(methylsulfonyl)phenyl)propanoate hydrochloride in Examples 14 and 11 was re-
placed by methyl (2s)‑2-amino‑6‑(methylsulfonamide)hexanoate hydrochloride to give Example 37. LC-MS: m/z 578.1
(M+H)+1HNMR (400MHz, CD3OD): δ 7.40 (m, 1H), 7.29 (s, 2H), 7.21‑7.17 (s, 2H), 7.22 (m, 1H), 7.17 (m, J = 8.8 Hz, 1H),
7.02 (d, J = 5.2 Hz, 1H), 4.02 (m, 1H), 3.41 (t, J = 4.4 Hz, 2H), 3.96‑3.91 (m, 1H), 2.97(s, 3H), 2.95‑2.90 (m, 1H), 2.82‑2.72
(m, 1H), 2.47‑2.32 (m, 2H), 1.92‑1.90 (m,1H), 1.79 (d, J = 8.8, 3H), 1.79 (m, 5H).

Example 38

[0231]

(2s)‑2‑(2,6-dichloro‑4‑(2‑(methyl(3-hydroxyphenyl)phosphoryl)ethyl)benzylamino)‑3‑(5‑(me thylsulfonyl)pyridine ‑3-yl)
propionic acid

[0232] Benzyl (2s)‑2-amino‑3‑(3‑(methylsulfonyl)phenyl)propionate hydrochloride in Examples 14 and 11 was re-
placed by (2s)‑2-amino‑3‑(5 ‑(methanesulfonyl)pyridin‑3-yl)propionic acid hydrochloride to give Example 38. LCMS
ESI(+) m/z: 600.4 (M+1).
[0233] 1H-NMR(400MHz,MeOD) δ 8.96(s,1H), 8.83(s,1H), 8.39(s,1H), 7.38(m,H), 7.24(s,2H), 7.17(m,2H),
7.02(d,J=7.6Hz,1H), 5.08(m,1H), 3.52(m,1H), 3.20(s,1H), 2.88(m, 1H), 2.74(m,1H), 2.33(m, 2H), 1.79(d, J=13.2Hz,3H).

Example 39

[0234]
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(2s)‑2‑(2,6-dichloro‑4‑(2‑(methyl(3-hydroxyphenyl)phosphoryl)ethyl)benzylamino)‑3‑(1‑(me thylsulfonyl)‑1H-pyrrol‑3-
yl)propionic acid

[0235] Benzyl (2s)‑2-amino‑3‑(3‑(methylsulfonyl)phenyl)propionate hydrochloride in Examples 14 and 11 was re-
placed by (2s)‑2-amino‑3‑(1‑(methanesulfonyl)‑1H-pyrrol‑3-yl)propionic acid hydrochloride to give Example 39.

Example 40

[0236]

(2s)‑2‑(2,6-dichloro‑4‑(2‑(methyl(3-hydroxyphenyl)phosphoryl)ethyl)benzylamino)‑3‑(1‑(me thylsulfonyl)‑1H-pyrazol‑3-
yl)propionic acid

[0237] Benzyl (2s)‑2-amino‑3‑(3‑(methylsulfonyl)phenyl)propionate hydrochloride in Examples 14 and 11 was re-
placed by (2s)‑2-amino‑3‑(1‑(methanesulfonyl)‑1H-pyrazol‑3-yl)propionic acid hydrochloride to give Example 40.

Example 41

[0238]

(2s)‑2‑(2,6-dichloro‑4‑(2‑(methyl(3-hydroxyphenyl)phosphoryl)ethyl)benzylamino)‑3‑(1‑(me thylsulfonyl)‑1H-pyrazol‑4-
yl)propionic acid

[0239] Benzyl (2s)‑2-amino‑3‑(3‑(methylsulfonyl)phenyl)propionate hydrochloride in Examples 14 and 11 was re-
placed by (2s)‑2-amino‑3‑(1‑(methanesulfonyl)‑1H-pyrazol‑4-yl)propionic acid hydrochloride to give Example 41.

Example 42

[0240]
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(2s)‑2‑(2,6-dichloro‑4‑(2‑(methyl(3-hydroxyphenyl)phosphoryl)ethyl)benzylamino)‑3‑(1‑(me thylsulfonyl)pyrrolidin‑3-yl)
propionic acid

[0241] Benzyl (2s)‑2-amino‑3‑(3‑(methylsulfonyl)phenyl)propionate hydrochloride in Examples 14 and 11 was re-
placed by (2s)‑2-amino‑3‑(1‑(methanesulfonyl)pyrrolidin‑3-yl)propionic acid hydrochloride to give Example 42. LC-
MS: m/z 591.1 (M+H)+.
[0242] 1H NMR (400 MHz, CD3OD): δ 7.43‑7.37 (m, 1H), 7.30(s, 2H), 7.25‑7.20 (m, 2H), 7.04‑7.01 (m, 1H), 4.71‑4.63
(m, 1H),3.68‑3.55 (m, 1H), 3.50‑3.44 (m, 1H), 3.30‑3.28 (m, 1H), 3.05‑2.90 (m, 2H), 2.89 (d, J=2.0 Hz, 3H), 2.88‑2.75 (m,
1H), 2.52‑2.50 (m, 1H), 2.50‑2.10 (m, 3H), 2.09‑1.82 (m, 2H), 1.79 (d, J=9.2 Hz, 3H), 1.69 (m, 1H).

Example 43

[0243]

(2s)‑2‑(2,6-dichloro‑4‑(2‑(methyl(3-hydroxyphenyl)phosphoryl)ethyl)benzamido)‑3‑((S)‑3-h ydroxylpyrrolidine‑1-car-
boxamide)propionic acid

[0244] Example 43 was prepared by replacing 2-thiophenecarboxylic acid in Example 17 with (s)‑3-hydroxypyrroli-
dine‑1-carbonyl chloride.
[0245] LC-MS: m/z 595.7 (M+H)+.
[0246] 1HNMR (400MHz, CD3OD): δ 7.39‑7.35 (m, 1H), 7.26 (s, 2H), 7.19‑7.12 (m, 2H), 7.01 (d, J = 8.4, 1H), 4.78‑4.74
(m, 1H), 4.36‑4.40 (m, 1H), 3.66‑3.64 (m, 2H), 3.45‑3.41 (m, 3H), 3.27‑3.25 (m, 1H), 2.95‑2.85 (m, 1H), 2.79‑2.69 (m, 1H),
2.39‑2.27 (m, 2H), 2.05‑1.92 (m, 2H), 1.77 (d, J = 12.4, 1H).

Example 44

[0247]

(2s)‑2‑(2,6-dichloro‑4‑(2‑(methyl(3-hydroxyphenyl)phosphoryl)ethyl)benzylamino)‑5(methyl sulfonamide)pentanoic
acid

[0248] Benzyl (2s)‑2-amino‑3‑(3‑(methylsulfonyl)phenyl)propionate hydrochloride in Examples 14 and 11 was re-
placed by methyl (2s)‑2-amino‑5 (methylsulfonamide)valerate hydrochloride to give Example 44.
[0249] LC-MS: m/z 565.1 (M+H)+.
[0250] 1HNMR(400MHz,CD3OD):δ7.39‑7.36 (m,1H), 7.27 (s, 2H), 7.21‑7.17 (m,1H), 7.14(d, J=8.4Hz, 1H)7.00 (d, J
= 5.6 Hz, 1H), 4.05 (m, 1H), 3.42‑3.40 (m , 2H), 2.95 (s, 3H), 2.91‑2.87 (m, 1H), 2.74‑2.72 (m, 1H), 2.39‑2.28 (m, 2H),
2.04‑2.02 (m, 1H), 1.81‑1.74 (m, 6H).
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Example 45

[0251]

(2s)‑3‑((trans)‑N’-cyano‑3,4-dihydroxypyrrolidine‑1-formamidino)‑2‑(2,6-dichloro‑4‑(2‑(met hyl(3-hydroxyphenyl)phos-
phoryl)ethyl)benzamido)propionic acid

[0252] Example 45 was prepared by replacing (R)‑3-pyrrolidinol in Example 19 with (trans)‑3,4-pyrrolidine diol.
[0253] LC-MS: m/z 611.7 (M+H)+.
[0254] 1H NMR (400MHz, CD3OD): δ 7.41‑7.39 (m, 1H), 7.30‑7.28 (m, 2H), 7.24‑7.20 (m, 2H), 7.05‑7.03 (m, 1H), 5.11
(dd, J = 10.4, 4.4, 1H), 4.11‑4.18 (m, 1H), 4.04‑4.01 (m, 1H), 3.79‑3.72 (m, 1H), 3.51‑3.56 (m, 1H), 3.26‑3.25 (m, 1H),
3.23‑3.22 (m, 1H), 3.17‑3.13 (m, 1H), 3.07‑3.03 (m, 1H), 3.00‑2.96 (m, 1H), 2.94‑2.86 (m, 1H), 2.77‑2.66 (m, 1H),
2.45‑2.33 (m, 2H), 1.79‑1.75 (m, 3H).

Example 46

[0255]

(2s)‑3‑(2-cyano‑3,3-bis(2-hydroxyethyl)guanidino)‑2‑(2,6-dichloro‑4‑(2‑(methyl(3-hydroxyp henyl)phosphoryl)ethyl)
benzamido)propionic acid

[0256] Example 46 was prepared by replacing (R)‑3-pyrrolidinol in Example 19 with diethanolamine.
[0257] LC-MS: m/z 595.6 (M-OH)+.
[0258] 1H NMR (400MHz, CD3OD): δ 7.38‑7.37 (m, 1H), 7.30‑7.27 (m, 2H), 7.21‑7.17 (m, 2H), 7.01‑6.99 (m, 1H), 5.71
(dd, J = 10.0, 4.0, 1H), 4.07‑4.04 (m, 1H), 3.96‑3.91 (m, 1H), 3.79‑3.43 (m, 8H), 2.99‑2.90 (m, 1H), 2.82‑2.72 (m, 1H),
2.47‑2.36 (m, 2H), 1.75 (d, J = 12.8, 3H).

Example 47

[0259]
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(2s)‑2‑(2,6-dichloro‑4‑((methoxy(2-hydroxyphenyl)phosphoryl)ethynyl)benzylamino)‑3‑(3‑( methylsulfonyl)phenyl)pro-
pionic acid

[0260] The specific reaction equation is as follows:

Step A: methyl 2,6-dichloro‑4‑(((o-methoxyphenyl)(ethoxy)phosphoryl)ethynyl)benzoate

(Compound 47.2)

[0261] 100 mg of methyl 2,6-dichloro‑4-ethynylbenzoate was dissolved in 1.5 ml of tetrahydrofuran, protected with
nitrogen, and 0.7 ml of 2 mol/L of isopropylmagnesium chloride was added at 0°C, and stirred for 20 minutes; Compound
47.1was dissolved in 0.5ml of tetrahydrofuran and reacted for 20minutes. The reactionwas quenchedwith 1mol/L dilute
hydrochloric acid solution, and extracted three times with 30mL ethyl acetate, the organic phases were combined, spun-
dried, and purified to yield the product (100 mg, 60%). LCMS ESI(+) m/z: 426.6 (M+1).

Step B: 2,6-dichloro‑4‑((hydroxy(o-methoxyphenyl)phosphoryl)ethynyl)benzoic acid

(Compound 47.3)

[0262] Compound 47.3 (100mg) and lithium iodide (100mg) were dissolved in 2ml of pyridine, protectedwith nitrogen,
stirred at 120°C for 3 hours, cooled and spun-dried, and10ml of 1mol/L dilute hydrochloric acid solutionwasadded. It was
extracted three times with 30 mL of ethyl acetate, and the organic phases were combined, and spun-dried without
purification.
[0263] LCMS ESI(+) m/z: 384.6 (M+1).

Step C: benzyl
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(2s)‑2‑(2,6-dichloro‑4‑((hydroxy(o-methoxyphenyl)phosphoryl)ethynyl)benzamido)‑3‑(3‑(m ethylsulfonyl)phenyl)pro-
pionate (Compound 47.4)

[0264] Compound 47.3 was dissolved in DMF and benzyl (2s)‑2-amino‑3‑(3‑(methylsulfonyl)phenyl)propionate hydro-
chloride (2 eq) was added, then followed byDIPEA (10 eq) andHATU (2.5 eq). After stirring at normal temperature for 4 h,
10 ml of dilute hydrochloric acid solution was added, and extracted with EA three times, and the organic phases were
combined and spun-dried. Purification was made by reverse phase, and spun-dried at 45°C under reduced pressure to
give the target product, 85 mg.
[0265] LCMS ESI (+) m/z: 699.5 (M+1).

Step D: benzyl

(2s)‑2‑(2,6-dichloro‑4‑((methoxy(2-methoxyphenyl)phosphoryl)ethynyl)benzylamino)‑3‑(3‑( methylsulphonyl)phenyl)
propionate (Compound 47.5)

[0266] Compound47.4 (40mg)wasdissolved in1mlofmethanol, and trimethylsilyldiazomethane (3eq)wasaddedand
stirred at room temperature for 30minutes. Appropriate amount of acetic acidwas added for quenching, spun-dried, and 5
ml dilute hydrochloric acid solution was added. It was extracted 3 times with EA, and the organic phases were combined
and spun-dried. LCMS ESI (+) m/z: 713.5 (M+1).

Step E:

(2s)‑2‑(2,6-dichloro‑4‑((methoxy(2-hydroxyphenyl)phosphoryl)ethynyl)benzylamino)‑3‑(3‑( methylsulfonyl)phenyl)pro-
pionic acid (Compound 47)

[0267] Compound 47.5 (30 mg) was dissolved in DCM, and 1 mol/L of boron tribromide (10 eq) was added at ‑40°C,
stirred at 0°C for 30 minutes and then quenched with water at ‑40 °C. It was extracted 3 times with EA, and the organic
phases were combined, dried and spun-dried to give 15 mg of the target product. LCMS ESI (+) m/z: 609.5 (M+1).
[0268] 1H-NMR(400MHz,DMSO), δ 10.57(s,1H), 9.21(d,J=8.4Hz,1H), 7.88(s,1H), 7.78(s,2H), 7.67(m,2H),
7.57(t,J=7.6Hz,1H), 5.96(m,2H), 4.80(m,1H), 3.77(d,J=12.4Hz,3H), 3.30(m,1H), 3.15(s,3H), 3.03(dd,J=14,J=9.4,1H).

Example 48

[0269]

(2s)‑2‑(2,6-dichloro‑4‑((methyl(4-hydroxy‑3-chlorophenyl)phosphoryl)ethynyl)benzylamino) ‑3‑(3‑(methylsulfonyl)phe-
nyl)propionic acid

[0270] Example 48 was prepared by the same procedure as in Example 11 except that "diethyl m-methoxyphosphate"
was replaced with "diethyl 4-methoxy‑3-chlorophosphate". LCMS ESI (+) m/z: 628.1 (M+1).
[0271] 1H-NMR(400MHz,DMSO)δ11.15(s,1H),9.21(d,J=8Hz,1H),7.86(s,1H),7.79‑7.82(m,4H),7.68 (m, 2H),
7.57(t,J=8Hz,1H), 7.15(dd,J=7.6Hz,4.0Hz,1H), 4.79(m,1H), 3.30(dd,J=14Hz,J=4.4Hz,1H), 3.15(s,3H),
3.03(dd,J=14Hz,10.4Hz,1H), 1.99(d,J=13.2Hz,3H).

Example 49

[0272]
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(2s)‑2‑(2,6-dichloro‑4‑((hydroxy(benzofuran‑6-yl)phosphoryl)ethynyl)benzylamino)‑3‑(3‑(m ethylsulfonyl)phenyl)pro-
pionic acid

[0273]

Step A: methyl 2,6-dichloro‑4‑(((benzofuran‑6-yl)(ethoxy)phosphoryl)ethynyl)benzoate(Compound 49.1)

[0274] 100 mg of methyl 2,6-dichloro‑4-ethynylbenzoate was dissolved in 1.5 ml of tetrahydrofuran, protected with
nitrogen, and 0.7 ml of 2 mol/L of isopropylmagnesium chloride was added at 0°C, and stirred for 20 minutes; Compound
24.3was dissolved in 0.5ml of tetrahydrofuran and reacted for 20minutes. The reactionwas quenchedwith 1mol/L dilute
hydrochloric acid solution, extracted three timeswith30mLofethyl acetate, and theorganicphaseswerecombined, spun-
dried, and purified to give the target product (100mg, 60%). LCMS ESI(+) m/z: 437.1 (M+1).

Step B: 2,6-dichloro‑4‑((hydroxy(benzofuran‑6-yl)phosphoryl)ethynyl)benzoic acid

(Compound 49.2)

[0275] Compound 49.1 (100 mg) and lithium iodide (100 mg) were dissolved in 2 ml of pyridine, protected under
nitrogen, stirred at 120°C for 3 hours, cooled and spun-dried, and 10 ml of 1 mol/L dilute hydrochloric acid solution was
added. Itwasextracted three timeswith30mlethyl acetate, and theorganicphaseswerecombinedandspun-driedwithout
further purification.

Step C: benzyl

(2s)‑2‑(2,6-dichloro‑4‑((hydroxy(benzofuran‑6-yl)phosphoryl)ethynyl)benzamido)‑3‑(3‑(met hylsulfonyl)phenyl)propio-
nate (Compound 49.3)

[0276] Compound 49.2 was dissolved in DMF, and benzyl (2s)‑2-amino‑3‑(3‑(methylsulfonyl)phenyl)propionic acid
hydrochloride (2 eq) was added, followed by DIPEA (10 eq) and HATU (2.5eq). After stirring at normal temperature for 4
hours, 10 ml of dilute hydrochloric acid solution was added, and extracted with EA three times, and the organic phases
were combined and spun-dried. Purificationwasmadeby reverse phase, and spun-dried at 45°Cunder reduced pressure
to give the target product, 85 mg. LCMS ESI(+) m/z: 710.1 (M+1).
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Step D:

(2s)‑2‑(2,6-dichloro‑4‑((hydroxy(benzofuran‑6-yl)phosphoryl)ethynyl)benzylamino)‑3‑(3‑(m ethylsulfonyl)phenyl)pro-
pionic acid (Compound 49)

[0277] Compound 49.3 (30 mg) was dissolved in DCM, and 1 mol/L of boron tribromide (10 eq) was added at ‑40°C,
stirred at 0°C for 30 minutes and then quenched with water at ‑40 °C. It was extracted 3 times with EA, and the organic
phases were combined, dried and spun-dried to give 15 mg of the target product. LCMS ESI (+) m/z: 620.0 (M+1).
[0278] 1H-NMR (400MHz, DMSO) δ 9.19(d,J=8Hz,1H), 8.17(s,1H), 7.98(d,J=248Hz,1H),
7.86(s,1H), 7.79‑7.76(m,2H), 7.55‑7.66(m, 3H), 7.57(t,J=8Hz,1H), 7.07(s,1H), 4.79(m,1H),
3.30(dd,J=14Hz,J=4.4Hz,1H), 3.15(s,3H), 3.02(dd,J=14Hz,10.4Hz,1H).

Example 50

[0279]

(2s)‑2‑(2,6-dichloro‑4‑(1-hydroxy

2‑(hydroxy(3-hydroxyphenyl)phosphoryl)ethyl)benzamido)‑3‑(3‑(methylsulfonyl)phenyl)pro pionic acid

[0280] The specific reaction equation is as follows:

Step A: methyl 2,6-dichloro‑4‑(1-hydroxy

2‑(methoxy(3-methoxyphenyl)phosphoryl)ethyl)benzoate (Compound 50.1)

[0281] 300 mg of ethyl methyl(3-methoxyphenyl)phosphonate was weighed and dissolved in 10 ml of dry tetrahy-
drofuranunderprotectionof nitrogen, and1.1mL (2M)of LDAwasadded thereto, stirred for 1hour inan icebath, 419mgof
methyl 2,6-dichloro‑4-formylbenzoate was added, stirred at room temperature for 2 hours, quenched with the saturated
NH4Cl in an ice bath. It was extracted three times with 30 mL of ethyl acetate, and the organic phases were combined,
spun-dried, and purified with columns to give the product (100mg, 23%). LCMS ESI(+) m/z: 432.8.
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Step B: 2,6-dichloro‑4‑(1-hydroxy 2‑(hydroxy(3-hydroxyphenyl)phosphoryl)ethyl)benzoic acid (Compound 50.2)

[0282] Compound 50.1 (100 mg) was dissolved in 8 ml of dichloromethane under protection with nitrogen. At ‑40°C, 1
mL of boron tribromide was added, stirred at ‑40°C for 4 hours, quenched with 10ml of water. It was extracted three times
with 20 mL of ethyl acetate, and the organic phases were combined, spun-dried without purification to give 70 mg of the
crude product. LCMS ESI(+) m/z: 390.8 (M+1).

Step C: benzyl (2s)‑2‑(2,6-dichloro‑4‑(1-hydroxy

2‑(hydroxy(3-hydroxyphenyl)phosphoryl)ethyl)benzamido)‑3‑(3‑(methanesulfonyl)phenyl)p ropanoic acid (Compound
50.3)

[0283] Compound50.2wasdissolved inDMF,andbenzyl (2s)‑2-amino‑3‑(3,5‑(dimethylsulfonyl)phenyl)propanoicacid
hydrochloride (2 eq) was added, followed by DIPEA (10 eq) and HATU (2.5 eq). After stirring at normal temperature for 4
hours, 10 ml of dilute hydrochloric acid solution was added, and extracted with EA three times, and the organic phases
were combined and spun-dried. Purificationwasmadeby reverse phase, and spun-dried at 45°Cunder reduced pressure
to yield 40 mg of the target product. LCMS ESI(+) m/z: 705.7 (M+1).

Step D:

(2s)‑2‑(2,6-dichloro‑4‑(1-hydroxy2‑(hydroxy(3-hydroxyphenyl)phosphoryl)ethyl)benzamido) ‑3‑(3‑(methanesulfonyl)
phenyl)propionic acid (Compound 50)

[0284] Compound1.3wasdissolved in 2ml ofmethanol and0.3mLofwater, 2 eqof lithiumhydroxidemonohydratewas
added under ice bath, stirred at room temperature for 1 h, and pHwas adjusted with 1N hydrochloric acid to pH=6, and 20
mLof ethyl acetate for extracting three times,washedwithwater, dried, rotaryevaporatedandpreparedby reversedphase
to yield 5 mg of the lyophilized product.
[0285] LCMS ESI(+)m/z: 583.6(M+1);
[0286] 1H-NMR (400MHz,CD3OD-d4) δ 7.95 (s,1H), 7.86 (d,J=5.6 Hz,1H), 7.73 (d,J=4.8 Hz,1H), 7.62 (t,J=5.2 Hz,1H),
7.31 (m,2H), 7.26 (s,2H) , 7.21 (dd,J=5.2 Hz, J=5.2 Hz,1H), 7.08 (d,J=8.4 Hz,1H) ,6.96 (t,J=5.2 Hz,1H) ,5.10 (m,1H), 4.91
(m,1H),3.50(dd, J=3.2Hz, J=3.2Hz, 1H), 3.22 (dd, J=2.8Hz, J=3.2Hz, 1H), 3.29 (s,3H), 2.39 (m,2H).

Example 51

[0287]

(2s)‑2‑(2,6-dichloro‑4‑(2‑(hydroxy(m-hydroxyphenyl)phosphoryl)vinyl)benzamido)‑3‑(3‑(me thylsulfonyl)phenyl)propio-
nic acid

[0288] The specific reaction equation is as follows:

[0289] Compound 32 was dissolved in 5 ml of tetrahydrofuran, and 1 ml of aqueous LiOH solution was added thereto,
stirred at room temperature for 5 hr, spun-dried and purified to obtain the product.
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[0290] LCMS ESI(+) m/z: 599.4 (M+1).
[0291] 1H-NMR(400MHz,DMSO) δ9.73(s,1H), 9.13(d,J=8.8Hz,1H), 7.87(s,1H), 7.77(d,J=8Hz,2H),
7.69(d,J=7.6Hz,1H), 7.58(t, J=7.6Hz,1H),7.31(m,2H), 7.16(m,2H), 7.02(m,2H), 6.98(m,1H), 4.78(m,1H), 3.15(s,3H),
3.03(m,1H).

Example 52

[0292]

(S,E)‑2‑(4‑(2‑(bis(3-hydroxyphenyl)phosphonyl)vinyl)‑2,6-dichlorobenzamido)‑3‑(3‑(methyl sulfonyl)phenyl)propionic
acid

[0293] The specific reaction equation is as follows:

Step A: methyl (E)‑4‑(2‑(bis(3-methoxyphenyl)phosphonyl)vinyl)‑2,6-dichlorobenzoate

(Compound 52.1)

[0294] 1 g Compound 32.2 was dissolved in 20 ml of THF, cooled to 0°C, and 5 equivalents of m-methoxyphenylmag-
nesium bromide solution was added, stirred at room temperature for 4 h, and THF was removed and the product was
obtained after purification.

Step B: (E)‑4‑(2‑(bis(3-hydroxyphenyl)phosphonyl)vinyl)‑2,6-dichlorobenzoic acid

(Compound 52.2)

[0295] 160 mg Compound 52.1, dissolved in 10 ml CH2CI2, cooled to 0°C, and BBr3 was added, after 2 h of reaction,
water was added, extracted with EA, then dried, and spun-dried to give the product.
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Step C: benzyl

(S,E)‑2‑(4‑(2‑(bis(3-hydroxyphenyl)phosphonyl)vinyl)‑2,6-dichlorobenzamido)‑3‑(3‑(methyl sulfonyl)phenyl)propionate
(Compound 52.3)

[0296] 50mgCompound52.2, 40mgof benzyl (2s)‑2-amino‑3‑(3‑(methylsulfonyl)phenyl)propanoic acid hydrochloride
and40mgofDIPEAwasdissolved in5mlDMF,60mgHATUwasadded, stirredovernight, andDMFwas removed, and the
product was obtained after purification.

Step D:

(S,E)‑2‑(4‑(2‑(bis(3-hydroxyphenyl)phosphonyl)vinyl)‑2,6-dichlorobenzamido)‑3‑(3‑(methyl sulfonyl)phenyl)propionic
acid (Compound 52)

[0297] 15 mg Compound 52.3 was dissolved in 1 ml of THF, and 0.2 ml of aqueous LiOH solution was added thereto,
stirred for 0.5 hour, and the solvent was removed to obtain a product.
[0298] LCMS ESI(+) m/z: 675.5 (M+1).
[0299] 1H-NMR(400MHz, DMSO) δ 9.81 (s,2H), 7.87(s,1H), 7.89(s,2H), 7.86(s,1H), 7.58(t,1H), 7.76(d,J=4.6Hz,2H),
7.66(m,2H), 7.51(t,1H), 7.34(m,3H), 7.13(m,4H), 6.94(d,J=4.4Hz,1H), 3.29(dd,J=14Hz,J=4.4Hz,1H), 3.15(s,3H),
3.01(dd,J=14Hz,10.4Hz,1H).

Example 53

[0300]

(S,E)‑2‑(4‑(2‑(bis(3-hydroxyphenyl)phosphonyl)ethyl)‑2,6-dichlorobenzamido)‑3‑(3‑(methyl sulfonyl)phenyl)propionic
acid

[0301] The specific reaction equation is as follows:

[0302] 12mgofCompound 52was dissolved in 0.5ml ofMeOH, 1mgof 10%palladium carbonwas added, andH2was
added thereto, reacted for 3 hours, filtered, and the product was obtained after purification. LCMS ESI (+) m/z: 677.5
(M+1).
[0303] 1H-NMR(400MHz, DMSO) δ 10.63(s,2H), 8.67(s,1H), 8.59(d,J=8.4Hz,1H),
8.50(d,J=8Hz,1H), 8.40(t,1H), 8.18(s,2H), 8.16(m,3H) , 8.01(m,5H), 7.75(dd,J=10Hz, 2Hz,2H),
3.29(dd,J=14Hz,J=4.4Hz,1H), 3.15(s,3H), 3.01(dd,J=14Hz,10.4Hz,1H), 2.81(m,2H), 2.11(m,2H).
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Example 54

[0304]

(S,E)‑2‑(4‑(2‑(4-hydroxyphenyl)phosphonovinyl)‑2,6-dichlorobenzamido)‑3‑(3‑(methylsulfo nyl)phenyl)propionic acid

[0305] The exact same procedure as in Preparation Example 32 was used to prepare Example 54, wherein p-
methoxymagnesium bromide was replaced by m-methoxymagnesium bromide. LCMS ESI (+) m/z: 629.5 (M+1).
[0306] 1H-NMR(400MHz,DMSO) δ 9.15(d,J=8Hz,1H), 7.87(s,1H), 7.73(t,3H), 7.60(d,J=6Hz,1H), 7.58(d,J=7.2Hz,1H),
7.58(t,1H), 7.18(m,3H), 6.91(dd,J=10.4Hz, 2Hz,2H), 4.80(m,1H),3.92(m,2H), 3.3(m,2H), 3.12(s,1H), 1.26(t,J=7.8Hz,
3H).

Example 55

[0307]

(2s)‑2‑(2,6-dichloro‑4‑(1-hydroxy2‑(methyl(benzofuran‑3-yl)phosphoryl)ethyl)benzamido)‑3 ‑(3‑(methylsulphonyl)phe-
nyl)propionic acid

[0308] The specific reaction equation is as follows:

Step A: dimethyl (benzofuran‑3-yl)phosphine oxide (Compound 55.1)

[0309] 100mgofmethyl (benzofuran‑3-yl)phosphonoyl chloridewasdissolved in 2ml of tetrahydrofuran, protectedwith
nitrogen, and 0.7ml of 3mol/Lmethyl magnesiumbromidewas added at 0°C and stirred for 20minutes. The reaction was
quenched with 1 mol/L dilute hydrochloric acid solution. It was extracted three times with 30 mL of ethyl acetate, and the
organic phases were combined, spun-dried, and purified to give the target product. LCMS ESI (+) m/z: 195.1 (M+1).

Step B:

(2s)‑2‑(2,6-dichloro‑4‑(1-hydroxy2‑(methyl(benzofuran‑3-yl)phosphoryl)ethyl)benzamido)‑3 ‑(3‑(methylsulfonyl)phe-
nyl)propionic acid (Compound 55)

[0310] Using the exact same procedure as in Example 50, replacing "methyl (3-methoxyphenyl)phosphonate" with
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"dimethyl(benzofuran‑3-yl)phosphine oxide" to prepare Compound 55 .
[0311] LCMS ESI (+) m/z: 638.1 (M+1).
[0312] 1H-NMR(400MHz,DMSO) δ 9.09(d,J=8Hz,1H), 8.16(s,1H), 8.01(t,J=8Hz,1H) , 7.87(s,1H), 7.77‑7.82(m,2H),
7.68(m,2H), 7.57(t,J=8Hz,1H), 7.38(s,2H), 7.05(dd,J=7.6Hz,4.0Hz,1H), 4.90(m,1H), 4.77(m,1H),
3.30(dd,J=14Hz,J=4.4Hz,1H), 3.15(s,3H), 3.03(dd,J=14Hz,10.4Hz,1H), 2.40(m,2H), 1.80(d,J=13.2Hz,3H).

Example 56

[0313]

(2s)‑2‑(2,6-dichloro‑4‑(isopropyl(3-hydroxyphenyl)phosphoryl)ethyl)benzamido)‑3‑(3‑(meth ylsulfonyl)phenyl)propio-
nic acid

[0314] The exact same procedure as in Preparation Example 21 was used to prepare Example 56, wherein the ethyl
Grignard reagent was replaced by the isopropyl Grignard reagent. LCMS ESI(+) m/z: 626.1 (M+1).
[0315] 1H-NMR(400MHz,DMSO) δ 9.76 (s,1H), 9.03(d,J=8Hz,1H), 7.86(s,1H), 7.77(d,J=8Hz,1H), 7.67(d,J=8Hz,1H),
7.57(t,J=7.6Hz,1H), 7.31‑7.35(m,3H), 7.12‑7.17(m,2H), 6.94(d,J=7.6Hz,1H), 4.75(m,1H),
3.29(dd,J=14Hz,J=4.4Hz,1H), 3.15(s,3H), 3.01(dd,J=14Hz,10.4Hz,1H), 2.74(m,1H), 2.50(m,1H), 2.29(m,2H),
2.07(m,1H), 1.10(dd, J=16Hz,7.0Hz,3H), 0.88(dd, J=16Hz,7.0Hz,3H).

Example 57

[0316]

(2s)‑2‑(2,6-dichloro‑4‑(cyclopropyl(3-hydroxyphenyl)phosphoryl)vinyl)benzamido)‑3‑(3‑(me thylsulfonyl)phenyl)propio-
nic acid

[0317] The specific reaction equation is as follows:
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Step A: methyl (E)‑4‑(2‑(3-methoxyphenyl)chlorophosphonylvinyl)‑2,6-dichlorobenzoate

(Compound 57.1)

[0318] 1gCompound32.3wasdissolved in20mlofSOCl2, heatedat80°C for3hours, concentrated togive theproduct.

Step B: methyl

(E)‑4‑(2‑(3-methoxyphenyl)cyclopropylphosphorylvinyl)‑2,6-dichlorobenzoate (Compound 57.2)

[0319] 10 ml of 1 M cyclopropylmagnesium chloride solution in THF, 0.5 g of cesium chloride was added, and 1 g of
Compound 57.1 was added thereto, and reacted at room temperature for 1 hour, and then quenched with ammonium
chloride solution to obtain a product after extraction and purification.

Step C: (E)‑4‑(2‑((3-hydroxyphenyl)cyclopropylphosphonyl)vinyl)‑2,6-dichlorobenzoic acid

(Compound 57.3)

[0320] 160mg Compound 57.2 was dissolved in 10 ml CH2Cl2, cooled to 0°C, BBr3 was added, after 2 h of reaction,
water was added, extracted with EA, dried, and spun-dried to give the product.

Step D: benzyl

(S,E)‑2‑(4‑(2‑(3-hydroxyphenyl)cyclopropylphosphonyl)vinyl)‑2,6-dichlorobenzamido)‑3‑(3‑(methylsulphonyl)phenyl)
propanoate (Compound 57.4)

[0321] 50mg Compound 57.3, benzyl (2s)‑2-amino‑3‑(3‑(methylsulfonyl)phenyl)propanoic acid hydrochloride and 40
mg of DIPEAwere dissolved in 5ml DMF, 60mgHATUwas added, stirred overnight to removeDMF, and the product was
obtained after purification.

Step E:

(S,E)‑2‑(4‑(2‑(3-hydroxyphenyl)cyclopropylphosphonyl)vinyl)‑2,6-dichlorobenzamido)‑3‑(3‑(methanesulfonyl)phenyl)
propionic acid (Compound 57)

[0322] 15 mg Compound 57.4 was dissolved in 1 ml of THF, and 0.2 ml of aqueous LiOH solution was added thereto,
stirred for 0.5 hour, and the solvent was removed, the product was obtained after purification.
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[0323] LCMS ESI (+) m/z: 6221. (M+1).
[0324] 1H-NMR(400MHz,DMSO) δ 9.80(s,1H), 9.13(d,J=8.8Hz,1H), 7.87(s,1H), 7.82(s,2H), 7.78(d,J=8Hz,2H),
7.69(d,J=7.6Hz,1H), 7.58(t,J=7.6Hz,1H), 7.17‑7.37(m,5H), 6.96(m,1H), 4.79(m,1H), 3.30(dd,J=14Hz,J=4.4Hz,1H),
3.15(s,3H), 3.04(dd,J=14Hz,10.4Hz,1H), 1.25(m,1H), 0.66‑0.89(m,4H).

Example 58

[0325]

(2s)‑2‑(2,6-dichloro‑4‑(methyl(3-hydroxyphenyl)phosphoryl)vinyl)benzamido)‑3‑(3‑(methyls ulfonyl)phenyl)propionic
acid

[0326] The exact same procedure as in Preparation Example 57 was used to prepare Example 58, wherein the
cyclopropyl Grignard reagent was replaced by the methyl Grignard reagent. LCMS ESI(+) m/z: 596.1 (M+1).
[0327] 1H-NMR(400MHz,DMSO) δ 9.80(s,1H), 9.14(d,J=8.8Hz,1H), 7.87(s,1H), 7.78(m,3H), 7.69(d,J=7.6Hz,1H),
7.58(t,J=7.6Hz,1H), 7.38(m,1H), 7.25(d,J=20Hz,2H), 7.15‑7.18(m,2H), 6.96(m,1H), 4.79(m,1H),
3.30(dd,J=14Hz,J=4.4Hz,1H), 3.15(s,3H), 3.04(dd,J=14Hz,10.4Hz,1H), 1.73(d, ,J=13.2Hz 3H).

Cell adhesion inhibition experiments:

[0328] T-cell adhesion assay was performed using human T lymphocyte strain Jurkat (ATCC TIB‑152): goat Anti-
Human IgG (Fcspecific) (Sigma I8885)wasdiluted to10µg/ml inPBS, incubated100µLperwell /96well plateat 4°C for12
hours. Liquid in the well plate was poured off, blocked with 200 µL of 1% BSA at 37°C for 90 minutes, and washed three
timeswith PBS. 50µL of 1µg/mL ICAM‑1 (containing 0.1%BSA, 0.01%Tween 20)was added to eachwell and incubated
at 37°C for 3 hours. The platewaswashed 3 timeswith assay buffer (20mMHEPESpH7.6, 140mMNaCl, 1mMMgCl2, 1
mM MnCl2, 0.2% glucose).
[0329] The Jurkat cytometer was centrifuged at 100-G, and cells were resuspended in an assay buffer (20mMHEPES
pH 7.6, 140 mM NaCl, 1 mM MgCl2, 1 mM MnCl2, 0.2% glucose) at 37°C.
[0330] 2µl of 1mMofBCECF-AMpermLof the cell suspensionwasadded. Incubated at 37°C for 30minutes, stirredup
every 10 minutes during the incubation. After the incubation, the cells were washed with assay buffer at 37°C. The cells
were suspended to a concentration of 6 x 106/mL.
[0331] The inhibitorwasdiluted to a final concentration of 2X in assaybuffer, and 50µLof the compound solution and 60
µLof Jurkat cellsweremixedat room temperature, and incubatedat 37°C for30minutes. 100µL/well of cells and inhibitors
were added to the plate and incubated for 1 hour at room temperature. The total fluorescence was measured by a
fluorometer: ex: 485; em: 530; cutoff: 530 to measure the total fluorescence. The plate was washed once with the assay
buffer and the fluorescence was measured with a fluorometer: ex: 485; em: 530; cutoff:. The results are plotted as
inhibition-concentration plots and EC50 is calculated using standard methods.
[0332] Table 1 shows the EC50 values of selected compounds measured by this method.

Table 1: EC50 of cell adhesion and inhibition

Example EC50 ( nM ) Example EC50 (nM)

1 30 21 7.3

2 9.4 22 22

3 8.5 23 61

4 11 24 10.2

5 22 25 63
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(continued)

Example EC50 ( nM ) Example EC50 (nM)

6 17 26 23

7 7.2 27 NA*

8 6.2 28 NA*

9 11.8 29 NA*

10 78 30 7.2

11 13.5 31 7.1

12 29 32 3.7

13 29 33 10.8

14 8.5 34 12.5

15 1.8 35 3.8

16 7.2 36 30

17 15 37 >1000

18 NA* 38 24

19 230 39 NA*

20 NA* 40 NA*

Table 1 (continued)

Example EC50 ( nM ) Example EC50 (nM)

41 NA 51 4.2

42 150 52 74

43 69 53 22

44 NA* 54 9.6

45 >1000 55 19

46 >1000 56 63

47 340 57 5.3

48 6.8 58 1.9

49 10.8

50 16

*NA: No Data

Example: Formulation Preparation

[0333] 5.0 g compound obtained by Example 11 was added to 90 mL of sterile physiological saline, and 0.7 g of NaOH
was added thereto, then stirred to obtain a transparent solution; and a saturated aqueous solution ofNaH2PO4was added
to the solution obtainedaboveuntil thepHof the solutionwas6.75‑7.25between.Sterile physiological salinewasadded to
the obtained aqueous solution until the total volume reached 100.0mL. The above solutionwas purgedwith nitrogen, and
bubbled for 1 hour. The resulting solution was sealed and stored at 5°C protected from light. The mixture was dispensed
into disposable eye drops bags, each containing 60 mL of formulation solution. The method and specific ratio of the
formulation can also be adjusted as needed, depending on the nature of the particular compound and the requirements of
the application.
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Claims

1. A phosphorus-containing compound characterized in that it is a compound represented by the following structure:

R1 is selected from alkyl, aryl, benzyl, aryl derivatives and benzyl derivatives;
R2 is selected from hydroxyl, alkyl, hydrogen, alkoxy;
n is selected from 0 or 1;
X is selected from carbon, oxygen, and nitrogen;
wherein when X is carbon, it is ‑CH2‑, or ‑C(R1R2)‑, wherein R1, and R2 are the same or different substituents
independently selected froman alkyl group, benzyl group, an aromatic group, a hydroxyl group, an alkoxy group,
and a halogen;
wherein when X is nitrogen, it is ‑NH‑, or ‑N(RN)‑, wherein RN is selected from an alkyl group, a benzyl group and
an aromatic group;
Z is selected from carbonyl, alkylenyl, sulfonyl, nitrogen, oxygen and sulfur;
wherein when Z is nitrogen, it is ‑NH‑, or ‑N(RN)‑, wherein RN is selected from an alkyl group, a benzyl group and
an aromatic group;
R3 is one or more substituents on the benzene ring independently selected from hydrogen and halogen;
Y is selected from carbon, oxygen, and nitrogen;
wherein when Y is carbon, it is ‑CH2‑, or ‑C(R1R2)‑, wherein R1, and R2 are the same or different substituents
independently selected from an alkyl group, a benzyl group, an aromatic group, and a halogen;
whereinwhenY is nitrogen, itmaybe ‑NH‑, or ‑N(RN)‑, whereinRN is selected fromanalkyl group, a benzyl group
and an aromatic group;
R4 is selected from alkyl, aryl, benzyl, aryl derivatives and benzyl derivatives;
R5 is hydrogen;
the substituent groups represented by G1 and G2 are disposed on the benzene ring in meta, para or ortho
position,
wherein, the above derivatives refer to the aromatic ring having oneormore independently substituted hydrogen,
alkyl, alkoxy, halogen, amino, cyano, hydroxy, nitro, aryl, alkylsulfonyl or phenylsulfonyl thereon.

2. The phosphorus-containing compound according to claim 1, wherein the said aryl group and aryl derivatives are
selected from the group consisting of phenyl and derivatives thereof, naphthyl and derivatives thereof, N‑ or O-
heterophenyl and derivatives thereof, N hetero or O heteronaphthyl and derivatives thereof;
wherein the derivatives of said phenyl, the derivatives of said naphthyl; the derivatives of said N‑ or O-heterophenyl
and the derivatives of said N hetero or O heteronaphthyl refer to one or more independently substituted hydrogen,
alkyl, alkoxy, halogen, amino, cyano, hydroxy, nitro, aryl, alkylsulfonyl and phenylsulfonyl on the benzene ring.

56

EP 3 647 315 B9

5

10

15

20

25

30

35

40

45

50

55



3. The phosphorus-containing compound according to claim 1, wherein R4 is selected from the groups represented by
the following structure:

n is selected from an integer of 0 to 5;
said A is selected from sulfur, CH2, NH, and oxygen;
said R42 is selected from aryl, alkyl, alkylamino, alkylsulfonamide, cycloalkyl, substituted cycloalkyl, hetero-
cycloalkyl, and substituted heterocycloalkyl;
wherein, the above aryl group is selected from 6‑12 membered aromatic groups and derivatives thereof,
heteroaryl with one or more carbon atoms on the 5‑12 membered aromatic ring substituted by oxygen, nitrogen
or sulfur;
wherein, the derivatives of said 6‑12 membered aromatic groups refer to the aromatic ring having one or more
substituted hydrogen, alkyl, alkoxy, halogen, amino, cyano, hydroxyl, nitro, sulfonyl, alkylsulfonyl or phenylsul-
fonyl thereon;
wherein the above heteroaryl group may further have a structure of ‑N-R422 on it;
the above R422 is sulfonyl, alkylsulfonyl, alkyl, or hydroxyl;
the above cycloalkyl is a 3‑12 membered cycloalkyl group;
the substituted cycloalkyl refers to the ring group having one or more independently substituted sulfonyl,
alkylsulfonyl, alkyl, alkoxy, hydroxyl, amino or nitro;
the heterocycloalkyl is a 3‑12membered heterocycloalkyl group having oneormore carbonatoms substituted by
oxygen, nitrogen and sulfur;
the carbon atoms on the heterocycloalkyl can also be substituted by C=O and/or SO and/or SO2;
the substituted heterocycloalkyl is aza‑, oxa‑ or thiacycloalkyl having a four, five, six or sevenmembered ring, by
which the ring is independently substituted by one or more sulfonyl, alkylsulfonyl, alkyl, alkoxy, hydroxy, amino,
nitro, or carbonyl ;
the substituted heterocycloalkyl group may further have a structure of ‑N-R422 on it; said R422 is sulfonyl,
alkylsulfonyl, alkyl, or hydroxyl;
said R42 may also be selected from the groups represented by the following structures:

saidR43andR44are thesameordifferent alkyl, hydroxyl, hydroxyl substitutedalkyl havingnotmore than5carbon
atoms;
G3 is a 3‑12 membered ring;
the carbon atom on the ring of G3 may also be partially replaced by oxygen, sulfur, nitrogen, C=O or SO2;
said R45 is one or more substituents on G3 ring selected from alkyl, hydroxyl, alkoxy and amino.

4. The phosphorus-containing compound according to claim 1, wherein the compound is represented by the following
structure:
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wherein X-Z is replaced by C1···C2 and the carbon bond between C1 and C2 isCH2‑CH2, CH=CH or C≡C.

5. The phosphorus-containing compound according to claim 4, wherein the compound is represented by the following
structure:

R11 is one or more substituents on the benzene ring independently selected from hydrogen, alkyl, alkoxy,
halogen, amino, cyano, hydroxy, and nitro;
R2 is selected from hydroxy, alkyl, and alkoxy;
Y1 is selected from hydrogen and alkyl;
R41 is one or more substituents on the benzene ring independently selected from hydrogen, alkyl, alkoxy,
alkylsulfonyl, arylsulfonyl, halogen, amino, cyano, hydroxy, and nitro;
R5 is hydrogen.

6. A phosphorus-containing compound, wherein the compound is represented by the following structure:
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wherein, X1, X2, X3 andX4are selected fromhydrogen, alkyl, halogen, hydroxy andalkoxy, and thedefinitions of other
substituents are the same as in claim 5.

7. Amethod for preparing a phosphorus-containing compound according to any one of claims 1 to 4, characterized in
that:

compoundA and compoundC are sequentially reactedwith an active site on compoundB; wherein compoundA
is a compound represented by the following structure:

compound C is a compound represented by the following structure:

compound B is a compound represented by the following structure:

59

EP 3 647 315 B9

5

10

15

20

25

30

35

40

45

50

55



wherein, L1 and L1’ as well as L2 and L2’ are respectively a pair of active groups which can react with each other,
during the reaction, the target product was obtained through the reaction between L1 and L1’, and the reaction
between L2 and L2’,
wherein the reaction between L1 and L1’, and the reaction between L2 and L2’ are substitution reactions;
said L1 is halogen;
said L1’ is alkynyl;
said L2 is amino;
said L2’ is hydroxy.

8. The method for preparing a phosphorus-containing compound according to claim 7, characterized in that:

the molar ratio of said compound A to compound C is 1 :0.1‑10; and
the molar ratio of said compound C to compound B is 1:0.1‑10.

9. The method for preparing a phosphorus-containing compound according to claim 7, characterized in that, the
specific process steps are as follows:

step 1, adding a halogenating reagent to a phosphodiester derivative, reacting at a temperature of 50‑100°C for
1‑5 hours, and directly spinning dry to obtain a substrate 1;
step 2: sequentially adding aGrignard reagent and the substrate 1 to a derivative of methyl ethynylbenzoate at a
temperature below 0°C, reacting for 0.1‑2 hours, quenching the reaction with an acid solution, extracting the
organic phase and spinning dry to obtain an intermediate product 1;
step 3, reacting the intermediate product 1 with a de-esterification reagent, at a temperature of 100‑150°C for 2‑5
hours, adding an acid solution, extracting the organic phase to spin dry, and obtaining an intermediate product 2;
and
step 4, in the intermediate product 2, sequentially adding compound C in which L2 is amino, and a basic catalyst,
reacting at a temperature of 20‑50°C for 1‑10 hours, quenching the reaction with an acid solution, and extracting
the organic phase to spin dry, and obtaining a phosphorus-containing compound containing alkynyl group.

10. The method for preparing a phosphorus-containing compound according to claim 9, characterized in that:
the corresponding phosphorus-containing product is obtained after said phosphorus-containing compound contain-
ing alkynyl group is subjected to a reduction reaction.

11. The phosphorus-containing compound according to any one of claims 1 to 6 for use as an immune cell migration
inhibitor.

12. Thephosphorus-containing compound for useaccording to claim11,characterized in that the immunecellmigration
inhibitor is an eyedrop containing the phosphorus-containing compound according to any one of claims 1 to 6.

13. The phosphorus-containing compound for use according to claim 12, characterized in that the eyedrop containing
the phosphorus-containing compound is prepared as follows:
adding the phosphorus-containing compound according to any one of claims 1 to 6 to a sterile physiological saline
solution, and thenaddingwith sodiumhydroxide to obtain a transparent solution; addingasaturatedaqueous solution
ofNaH2PO4 to the solution obtained above until pHof the solution is between 6.75 and7.25, and then using the sterile
physiological saline toadjust the final volume, thenbubbling thenitrogengas to theabovesolution for 0.1‑5hours, and
sealing the resulting solution, storing at 5°C to be protected from the light for use.

Patentansprüche

1. Phosphorhaltige Verbindung,dadurch gekennzeichnet, dass diese eineVerbindung ist, welche durch die folgende
Struktur repräsentiert ist:
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worin R1 aus Alkyl, Aryl, Benzyl, Arylderivaten und Benzylderivaten ausgewählt ist;
R2 aus Hydroxyl, Alkyl, Wasserstoff, Alkoxy ausgewählt ist;
n aus 0 oder 1 ausgewählt ist;
X aus Kohlenstoff, Sauerstoff und Stickstoff ausgewählt ist;
worin, wenn X Kohlenstoff ist, diese ‑CH2‑ oder ‑C(R1R2)‑ ist, worin R1 und R2 gleiche oder verschiedene
Substituenten sind, die unabhängig voneinander aus einer Alkylgruppe, Benzylgruppe, einer aromatischen
Gruppe, einer Hydroxylgruppe, einer Alkoxygruppe und einem Halogen ausgewählt sind;
worin, wennXStickstoff ist, diese ‑NH‑ oder ‑N(RN)‑ ist, worin RN aus einer Alkylgruppe, einer Benzylgruppe und
einer aromatischen Gruppe ausgewählt ist;
Z aus Carbonyl, Alkylenyl, Sulfonyl, Stickstoff, Sauerstoff und Schwefel ausgewählt ist;
worin, wenn ZStickstoff ist, diese ‑NH‑ oder ‑N(RN)‑ ist, worin RN aus einer Alkylgruppe, einer Benzylgruppe und
einer aromatischen Gruppe ausgewählt ist;
R3 ein oder mehrere Substituent/en am Benzolring ist/sind, das/die unabhängig voneinander aus Wasserstoff
und Halogen ausgewählt ist/sind;
Y aus Kohlenstoff, Sauerstoff und Stickstoff ausgewählt ist;
worin, wenn Y Kohlenstoff ist, diese ‑CH2‑ oder ‑C(R1R2)‑ ist, worin R1 und R2 gleiche oder verschiedene
Substituenten sind, die unabhängig voneinander auseinerAlkylgruppe, einerBenzylgruppe, einer aromatischen
Gruppe und einem Halogen ausgewählt sind;
worin, wennYStickstoff ist, diese ‑NH‑ oder ‑N(RN)‑ ist, worin RN aus einer Alkylgruppe, einer Benzylgruppe und
einer aromatischen Gruppe ausgewählt ist;
R4 aus Alkyl, Aryl, Benzyl, Arylderivaten und Benzylderivaten ausgewählt ist;
R5 Wasserstoff ist;
die durch G1 und G2 repräsentierten Substituentengruppen am Benzolring in meta‑, para‑ oder ortho-Stellung
angeordnet sind,
worin sich die obigen Derivate auf den aromatischen Ring mit einem oder mehreren unabhängig voneinander
substituierte/n Wasserstoff, Alkyl, Alkoxy, Halogen, Amino, Cyano, Hydroxy, Nitro, Aryl, Alkylsulfonyl oder
Phenylsulfonyl beziehen.

2. PhosphorhaltigeVerbindung nachAnspruch 1,worin die Arylgruppe undArylderivate aus derGruppe bestehend aus
Phenyl undDerivatendavon,Naphthyl undDerivatendavon,N‑oderO-Heterophenyl undDerivatendavon,N-Hetero
oder O-Heteronaphthyl und Derivaten davon ausgewählt sind;
worin die Derivate des Phenyls, die Derivate des Naphthyls; die Derivate des N- oder O-Heterophenyls und die
Derivate des N-Hetero- oder O-Heteronaphthyls sich auf ein/en oder mehrere unabhängig voneinander substituier-
te/n Wasserstoff, Alkyl, Alkoxy, Halogen, Amino, Cyano, Hydroxy, Nitro, Aryl, Alkylsulfonyl und Phenylsulfonyl am
Benzolring beziehen.
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3. Phosphorhaltige Verbindung nach Anspruch 1, worin R4 aus den durch die folgende Struktur dargestellten Gruppen
ausgewählt ist, worin:

n aus einer ganzen Zahl zwischen 0 und 5 ausgewählt ist;
worin A aus Schwefel, CH2, NH und Sauerstoff ausgewählt ist;
dasR42 ausAryl, Alkyl, Alkylamino, Alkylsulfonamid, Cycloalkyl, substituiertemCycloalkyl, Heterocycloalkyl und
substituiertem Heterocycloalkyl ausgewählt ist;
worin die obige Arylgruppe aus 6‑12-gliedrigen aromatischen Gruppen und Derivaten davon, Heteroaryl mit
einem oder mehreren Kohlenstoffatomen an dem 5‑12-gliedrigen aromatischen Ring, die durch Sauerstoff,
Stickstoff oder Schwefel substituiert sind, ausgewählt ist;
worin sich die Derivate der 6‑12-gliedrigen aromatischen Gruppen auf den aromatischen Ring mit einem oder
mehreren von substituierten Wasserstoff, Alkyl, Alkoxy, Halogen, Amino, Cyano, Hydroxyl, Nitro, Sulfonyl,
Alkylsulfonyl oder Phenylsulfonyl beziehen;
worin die obige Heteroarylgruppe weiterhin eine Struktur ‑N-R422 aufweisen kann;
das obige R422 Sulfonyl, Alkylsulfonyl, Alkyl oder Hydroxyl ist;
das obige Cycloalkyl eine 3‑12-gliedrige Cycloalkylgruppe ist;
das substituierte Cycloalkyl sich auf die Ringgruppe mit einem oder mehreren von unabhängig substituierten
Sulfonyl, Alkylsulfonyl, Alkyl, Alkoxy, Hydroxyl, Amino oder Nitro bezieht;
das Heterocycloalkyl eine 3‑12-gliedrige Heterocycloalkylgruppe mit einem oder mehreren Kohlenstoffatomen
ist, die durch Sauerstoff, Stickstoff und Schwefel substituiert sind;
die Kohlenstoffatome des Heterocycloalkyls auch durch C=O und/oder SO und/oder SO2 substituiert sein
können;
das substituierte Heterocycloalkyl ein Aza‑, Oxa‑ oder Thiacycloalkyl mit einem vier‑, fünf‑, sechs‑ oder sieben-
gliedrigenRing ist, worinderRingunabhängigmit einemodermehreren vonSulfonyl, Alkylsulfonyl, Alkyl, Alkoxy,
Hydroxy, Amino, Nitro oder Carbonyl substituiert ist;
die substituierte Heterocycloalkylgruppe ferner eine Struktur - N-R422 aufweisen kann; das R422 Sulfonyl,
Alkylsulfonyl, Alkyl oder Hydroxyl ist;
das R4 aus den durch die folgenden Strukturen dargestellten Gruppen ausgewählt ist, worin:

das R43 undR44 das gleiche oder verschiedenes von Alkyl, Hydroxyl, hydroxylsubstituierten Alkyl mit nicht mehr
als 5 Kohlenstoffatomen sind;
G3 ein 3‑12-gliedriger Ring ist;
dasKohlenstoffatomamRingvonG3auch teilweisedurchSauerstoff,Schwefel, StickstoffC=OoderSO2ersetzt
sein kann;
das R45 ein oder mehrere Substituent/en am G3 ist/sind, das/die aus Alkyl, Hydroxyl, Alkoxy und Amino
ausgewählt ist/sind.

4. Phosphorhaltige Verbindung nach Anspruch 1, worin die Verbindung durch die folgende Struktur dargestellt ist:
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worin X-Z durch C1···C2 ersetzt ist, und die Kohlenstoffbindung zwischenC1 undC2 CH2‑CH2, CH=CH oder C≡C ist.

5. Phosphorhaltige Verbindung nach Anspruch 4, worin die Verbindung durch die folgende Struktur dargestellt ist:

R11 ein oder mehrere Substituent/en am Benzolring ist/sind, der/die unabhängig voneinander aus Wasserstoff,
Alkyl, Alkoxy, Halogen, Amino, Cyano, Hydroxy und Nitro ausgewählt ist/sind;
R2 aus Hydroxy, Alkyl und Alkoxy ausgewählt ist;
Y1 aus Wasserstoff und Alkyl ausgewählt ist;
R41 ein oder mehrere Substituent/en am Benzolring ist/sind, der/die unabhängig voneinander aus Wasserstoff,
Alkyl, Alkoxy, Alkylsulfonyl, Arylsulfonyl, Halogen, Amino, Cyano, Hydroxy und Nitro ausgewählt ist/sind;
R5 Wasserstoff ist.

6. Phosphorhaltige Verbindung, worin die Verbindung durch die folgende Struktur dargestellt ist:
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worin X1, X2, X3 und X4 aus Wasserstoff, Alkyl, Halogen, Hydroxy und Alkoxy ausgewählt sind, und die Definitionen
der anderen Substituenten die gleichen sind wie in Anspruch 5.

7. Verfahren zur Herstellung einer phosphorhaltigen Verbindung nach einem der Ansprüche 1 bis 4, dadurch ge-
kennzeichnet, dass:

Verbindung A und Verbindung C sequentiell mit einer aktiven Stelle auf Verbindung B umgesetzt werden;
worin Verbindung A eine Verbindung ist, welche durch die folgende Struktur dargestellt ist:

worin Verbindung C eine Verbindung ist, welche durch die folgende Struktur dargestellt ist:

Verbindung B eine Verbindung ist, welche durch die folgende Struktur dargestellt ist:

worin L1 und L1’ sowie L2 und L2’ jeweils ein Paar aktiver Gruppen sind, die miteinander umgesetzt werden
können,während derUmsetzung, das Zielprodukt durch dieUmsetzung zwischenL1 undL1’ und dieUmsetzung
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zwischen L2 und L2’ erhalten wurde,
worin die Umsetzung zwischen L1 und L1’ und die Umsetzung zwischen L2 und L2’ Substitutionsumsetzungen
sind;
das L1 Halogen ist;
das L1’ Alkynyl ist;
das L2 Amino ist;
das L2’ Hydroxy ist.

8. Verfahren zur Herstellung einer phosphorhaltigen Verbindung nach Anspruch 1, dadurch gekennzeichnet, dass:

das Molverhältnis der Verbindung A zu Verbindung C 1:0,1 ‑10 beträgt; und
das Molverhältnis der Verbindung C zu Verbindung B 1:0,1 ‑10 beträgt.

9. Verfahren zur Herstellung einer phosphorhaltigen Verbindung nach nach Anspruch 7, dadurch gekennzeichnet,
dass die konkreten Prozessschritte wie folgt sind:

Schritt 1: Zugeben eines Halogenierungsreagens zu einem Phosphodiesterderivat, Umsetzung bei einer
Temperatur von 50‑100°C für 1‑5 Stunden und direktes Trockenspinnen, um ein Substrat 1 zu erhalten;
Schritt 2: Sequentielles Zugeben eines Grignard-Reagens und des Substrats 1 zu einem Derivat von Methy-
lethinylbenzoat bei einer Temperatur unter 0°C, Umsetzung für 0,1‑2 Stunden, Quenchen der Reaktionmit einer
Säurelösung, Extraktion der organischen Phase und Trockenspinnen, um ein Zwischenprodukt 1 zu erhalten;
Schritt 3: Umsetzen des Zwischenprodukts 1 mit einem Entesterungsreagenz bei einer Temperatur von
100‑150°C für 2‑5 Stunden, Zugeben einer Säurelösung, Extraktion der organischen Phase zum Trocken-
spinnen und Erhalten eines Zwischenprodukts 2; und
Schritt 4, in dem Zwischenprodukt 2, sequentielles Zugeben von Verbindung C, in der L2 Amino ist, und eines
basischen Katalysators, Umsetzen bei einer Temperatur von 20‑50°C für 1‑10 Stunden, Quenchen der Um-
setzung mit einer sauren Lösung, und Extraktion der organischen Phase zum Trockenspinnen, und Erhalten
einer phosphorhaltigen Verbindung, die eine Alkinylgruppe enthält.

10. Verfahren zur Herstellung einer phosphorhaltigen Verbindung nach Anspruch 9, dadurch gekennzeichnet, dass:
das entsprechende phosphorhaltige Produkt erhalten wird, nachdem die phosphorhaltige Verbindung, die eine
Alkinylgruppe enthält, einer Reduktionsumsetzung unterzogen wurde.

11. Phosphorhaltige Verbindung nach einem der Ansprüche 1 bis 6 für die Verwendung als Inhibitor für dieMigration von
Immunzellen.

12. PhosphorhaltigeVerbindung fürdieVerwendungnachAnspruch11,dadurchgekennzeichnet,dassder Inhibitor für
dieMigration von Immunzellen ein Augentropfen ist, der die phosphorhaltige Verbindung nach einem der Ansprüche
1 bis 6 enthält.

13. Phosphorhaltige Verbindung zur Verwendung nach Anspruch 12, dadurch gekennzeichnet, dass der Augen-
tropfen, der die phosphorhaltige Verbindung enthält, wie folgt hergestellt wird: Zugeben der phosphorhaltigen
Verbindung nach einemder Ansprüche 1 bis 6 zu einer sterilen physiologischenKochsalzlösung, und dann Zugeben
von Natriumhydroxid, um eine transparente Lösung zu erhalten; Zugeben einer gesättigten wässrigen Lösung von
NaH2PO4 zu der oben erhaltenen Lösung, bis der pH-Wert der Lösung zwischen 6.75 und 7,25 liegt, und dann
Verwenden der sterilen physiologischen Kochsalzlösung, um das Endvolumen einzustellen, dann Einströmen des
Stickstoffgases in die obige Lösung für die Dauer von 0,1‑5 Stunden, und Versiegeln der resultierenden Lösung und
Einlagern bei 5°C, um für den Gebrauch vor Licht geschützt zu sein.

Revendications

1. Composé contenant du phosphore,caractérisé en cequ’il s’agit d’un composé représenté par la structure suivante :
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R1 est choisi parmi alkyle, aryle, benzyle, dérivés d’aryle et dérivés de benzyle ;
R2 est choisi parmi hydroxyle, alkyle, hydrogène, alcoxy ;
n est choisi parmi 0 ou 1 ;
X est choisi parmi du carbone, de l’oxygène et de l’azote ;
dans lequel lorsque X est du carbone, il est ‑CH2‑, ou ‑C(R1R2)‑, dans lequel R1 et R2 sont des substituants
identiques ou différents choisis indépendamment parmi un groupe alkyle, un groupe benzyle, un groupe
aromatique, un groupe hydroxyle, un groupe alcoxy et un halogène ;
dans lequel lorsque X est de l’azote, il est ‑NH‑, ou ‑N(RN)‑, dans lequel RN est choisi parmi un groupe alkyle, un
groupe benzyle et un groupe aromatique ;
Z est choisi parmi carbonyle, alkylényle, sulfonyle, azote, oxygène et soufre ;
dans lequel lorsque Z est de l’azote, il est ‑NH‑, ou ‑N(RN)‑, dans lequel RN est choisi parmi un groupe alkyle, un
groupe benzyle et un groupe aromatique ;
R3 est un ou plusieurs substituants sur le cycle benzénique choisis indépendamment parmi hydrogène et
halogène ;
Y est choisi parmi du carbone, de l’oxygène et de l’azote ;
dans lequel lorsque Y est du carbone, il est ‑CH2‑, ou ‑C(R1R2)‑, dans lequel R1 et R2 sont des substituants
identiques ou différents choisis indépendamment parmi un groupe alkyle, un groupe benzyle, un groupe
aromatique, un groupe hydroxyle, un groupe alcoxy et un halogène ;
dans lequel lorsqueYestde l’azote, il peut être ‑NH‑, ou ‑N(RN)‑, dans lequelRNest choisi parmiungroupealkyle,
un groupe benzyle et un groupe aromatique ;
R4 est choisi parmi alkyle, aryle, benzyle, dérivés d’aryle et dérivés de benzyle ;
R5 est de l’hydrogène ;
les groupes substituants représentés par G1 et G2 sont disposés sur le cycle benzénique en positionméta, para
ou ortho,
dans lequel les dérivés ci-dessus font référence au cycle aromatique portant un ou plusieurs hydrogène, alkyle,
alcoxy, halogène, amino, cyano, hydroxy, nitro, aryle, alkylsulfonyle ou phénylsulfonyle indépendamment
substitués.

2. Composé contenant du phosphore selon la revendication 1, dans lequel ledit groupe aryle et les dérivés d’aryle sont
choisis dans le groupe constitué de phényle et de dérivés de celui-ci, de naphtyle et de dérivés de celui-ci, deN‑ ouO-
hétérophényle et de dérivés de celui-ci, de N-hétéro ou O-hétéronaphtyle et de dérivés de ceux-ci ;
dans lequel les dérivés dudit phényle, les dérivés dudit naphtyle ; les dérivés dudit N- ou O-hétérophényle et les
dérivés dudit N-hétéro ou O-hétéronaphtyle font référence à un ou plusieurs hydrogène, alkyle, alcoxy, halogène,
amino, cyano, hydroxy, nitro, aryle, alkylsulfonyle et phénylsulfonyle indépendamment substitués sur le cycle
benzénique.
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3. Composé contenant du phosphore selon la revendication 1, dans lequel R4 est choisi parmi les groupes représentés
par la structure suivante :

n est choisi parmi un nombre entier de 0 à 5 ;
ledit A est choisi parmi soufre, CH2, NH et oxygène ;
ledit R42 est choisi parmi aryle, alkyle, alkylamino, alkylsulfonamide, cycloalkyle, cycloalkyle substitué, hétéro-
cycloalkyle et hétérocycloalkyle substitué ;
dans lequel, le groupe aryle ci-dessus est choisi parmi des groupes aromatiques de 6 à 12 chaînons et des
dérivés de ceux-ci, hétéroaryle avec un ou plusieurs atomes de carbone sur le cycle aromatique de 5 à 12
chaînons substitué par de l’oxygène, de l’azote ou du soufre ;
dans lequel, les dérivés desdits groupes aromatiques de 6 à 12 chaînons font référence au cycle aromatique
portant un ou plusieurs hydrogène, alkyle, alcoxy, halogène, amino, cyano, hydroxyle, nitro, sulfonyle, alkyl-
sulfonyle ou phénylsulfonyle substitués ;
dans lequel le groupe hétéroaryle ci-dessus peut en outre avoir une structure de ‑N-R422 sur celui-ci ;
le R422 ci-dessus est sulfonyle, alkylsulfonyle, alkyle ou hydroxyle ;
le cycloalkyle ci-dessus est un groupe cycloalkyle de 3 à 12 chaînons ;
le cycloalkyle substitué fait référence au groupe cyclique présentant un ou plusieurs sulfonyle, alkylsulfonyle,
alkyle, alcoxy, hydroxyle, amino ou nitro indépendamment substitués ;
l’hétérocycloalkyle est un groupe hétérocycloalkyle de 3 à 12 chaînons présentant un ou plusieurs atomes de
carbone substitués par de l’oxygène, de l’azote et du soufre ;
les atomes de carbone sur l’hétérocycloalkyle peuvent également être substitués par C=O et/ou SO et/ou SO2 ;
l’hétérocycloalkyle substitué est un aza‑, oxa‑ ou thiacycloalkyle présentant un cycle à quatre, cinq, six ou sept
chaînons, par l’intermédiaire duquel le cycle est indépendamment substitué par un ou plusieurs sulfonyle,
alkylsulfonyle, alkyle, alcoxy, hydroxy, amino, nitro ou carbonyle ;
le groupe hétérocycloalkyle substitué peut en outre avoir une structure de ‑N-R422 sur celui-ci ; ledit R422 est
sulfonyle, alkylsulfonyle, alkyle ou hydroxyle ;
ledit R42 peut également être choisi parmi les groupes représentés par les structures suivantes :

lesdits R43 et R44 sont des groupes alkyle, hydroxyle, alkyle substitué par un groupe hydroxyle, identiques ou
différents, ne présentant pas plus de 5 atomes de carbone ;
G3 est un cycle de 3 à 12 chaînons ;
l’atomedecarbone sur le cycle deG3peut également être partiellement remplacépar de l’oxygène, du soufre, de
l’azote, C=O ou SO2;
ledit R45 est un ou plusieurs substituants sur le cycle G3 choisis parmi alkyle, hydroxyle, alcoxy et amino.

4. Composé contenant du phosphore selon la revendication 1, dans lequel le composé est représenté par la structure
suivante :
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dans lequel X-Z est remplacé par C1···C2 et la liaison carbone entre C1 et C2 est CH2‑CH2, CH=CH ou C≡C.

5. Composé contenant du phosphore selon la revendication 4, dans lequel le composé est représenté par la structure
suivante :

R11 est un ou plusieurs substituants sur le cycle benzénique choisis indépendamment parmi hydrogène, alkyle,
alcoxy, halogène, amino, cyano, hydroxy et nitro ;
R2 est choisi parmi hydroxy, alkyle et alcoxy ;
Y1 est choisi parmi hydrogène et alkyle ;
R41 est un ou plusieurs substituants sur le cycle benzénique choisis indépendamment parmi hydrogène, alkyle,
alcoxy, alkylsulfonyle, arylsulfonyle, halogène, amino, cyano, hydroxy et nitro ;
R5 est de l’hydrogène.

6. Composé contenant du phosphore, dans lequel le composé est représenté par la structure suivante :
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dans lequel X1, X2, X3 et X4 sont choisis parmi hydrogène, alkyle, halogène, hydroxy et alcoxy, et les définitions
d’autres substituants sont les mêmes que dans la revendication 5.

7. Procédé de préparation d’un composé contenant du phosphore selon l’une quelconque des revendications 1 à 4,
caractérisé en ce que :

le composé A et le composé C réagissent séquentiellement avec un site actif sur le composé B ;
dans lequel le composé A est un composé représenté par la structure suivante :

le composé C est un composé représenté par la structure suivante :

le composé B est un composé représenté par la structure suivante :

dans lequel, L1 et L1’ ainsi que L2 et L2’ sont respectivement une paire de groupes actifs qui peuvent réagir l’un
avec l’autre, au cours de la réaction, le produit cible a été obtenu par la réaction entre L1 et L1’, et la réaction entre
L2 et L2’,
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dans lequel la réaction entre L1 et L1’, et la réaction entre L2 et L2’ sont des réactions de substitution ;
ledit L1 est un halogène ;
ledit L1’ est un alcynyle ;
ledit L2 est un amino ;
ledit L2’ est un hydroxy.

8. Procédé de préparation d’un composé contenant du phosphore selon la revendication 7, caractérisé en ce que :

le rapport molaire dudit composé A au composé C est de 1:0,1 à 10 ; et
le rapport molaire dudit composé C au composé B est de 1:0,1 à 10.

9. Procédé de préparation d’un composé contenant du phosphore selon la revendication 7, caractérisé en ce que les
étapes de procédé spécifiques sont les suivantes :

étape 1, ajouter un réactif d’halogénation à un dérivé de phosphodiester, faire réagir à une température de 50 à
100°C pendant 1 à 5 heures, et filer directement à sec pour obtenir un substrat 1 ;
étape 2 : ajouter séquentiellement un réactif de Grignard et du substrat 1 à un dérivé d’éthynylbenzoate de
méthyle à une température inférieure à 0°C, faire réagir pendant 0,1 à 2 heures, tremper la réaction avec une
solution acide, extraire la phase organique et filer à sec pour obtenir un produit intermédiaire 1 ;
étape 3, faire réagir le produit intermédiaire 1 avec un réactif de désestérification, à une température de 100 à
150°Cpendant2à5heures, ajouterunesolutionacide, extraire laphaseorganiquepour filageàsec, et obtenir un
produit intermédiaire 2 ; et
étape 4, dans le produit intermédiaire 2, ajouter séquentiellement le composé C dans lequel L2 est amino, et un
catalyseur basique, faire réagir à une température de 20 à 50°C pendant 1 à 10 heures, tremper la réaction avec
une solution acide, et extraire la phase organique pour filage à sec, et obtenir un composé contenant du
phosphore contenant un groupe alcynyle.

10. Procédé de préparation d’un composé contenant du phosphore selon la revendication 9, caractérisé en ce que :
le produit contenant du phosphore correspondant est obtenu après que ledit composé contenant du phosphore
contenant un groupe alcynyle ait été soumis à une réaction de réduction.

11. Composé contenant du phosphore selon l’une quelconque des revendications 1 à 6, destiné à être utilisé comme
inhibiteur de la migration des cellules immunitaires.

12. Composé contenant du phosphore destiné à être utilisé selon la revendication 11, caractérisé en ce que l’inhibiteur
de la migration des cellules immunitaires est un collyre contenant le composé contenant du phosphore selon l’une
quelconque des revendications 1 à 6.

13. Composé contenant du phosphore à utiliser selon la revendication 12, caractérisé en ce que la goutte oculaire
contenant le composé contenant du phosphore est préparée de la manière suivante : ajouter le composé contenant
duphosphore selon l’unequelconquedes revendications1à6àune solution salinephysiologiquestérile, puis ajouter
de l’hydroxyde de sodiumpour obtenir une solution transparente ; ajouter une solution aqueuse saturée deNaH2PO4
à la solution obtenue ci-dessus jusqu’à ce que le pH de la solution soit compris entre 6,75 et 7,25, puis utiliser la
solution saline physiologique stérile pour ajuster le volume final, puis faire barboter l’azote gazeux dans la solution ci-
dessus pendant 0,1 à 5 heures, et sceller la solution résultante, stocker à 5°C à protéger de la lumière pour utilisation.
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