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CYCLIC QUATERNARY AMMONIUM SALT COMPOUND, AND PREPARATION 

METHOD THEREFOR AND USE THEREOF 

[0001] This application claims the priority of Chinese Patent Application No. 202210551906.7, 

filed with the China National Intellectual Property Administration on May 18, 2022, and titled with 5 

“CYCLIC QUATERNARY AMMONIUM SALT COMPOUND, AND PREPARATION 

METHOD THEREFOR AND USE THEREOF”, which is hereby incorporated by reference in 

entirety. 

FIELD10 

[0002] The present application relates to but is not limited to the thchnical field of pharmaceutical 

chemistry, and in particular to a cyclic quaternary ammonium salt compound and a preparation 

method and use thereof. 

BACKGROUND 15 

[0003] Local anesthetics are a class of drugs applied topically to nerve trunks or nerve endings 

to temporarily, completely and reversibly block the generation and conduction of nerve impulse, 

leading to temporary loss of sense of pain in the localized area. These local anesthetics act by 

binding to specific sites on sodium channels in the nerve cell membrane, which reduces the influx 

of Na⁺ and alters the membrane potential, thereby effectively blocking the conduction of nerve 20 

impulses and producing the anesthetic effect. Local anesthetics are favored in clinical practice to 

treat sense of pain due to their precise action, minimal risk of hyperalgesia, ease of local 

administration, low blood drug concentration, and few systemic side effects. 

[0004] Local anesthetics currently used in clinical practice are primarily compounds formed by 

aromatic and amine groups linked by ester or amide bonds. Examples include procaine, tetracaine, 25 

lidocaine, bupivacaine, and ropivacaine. Although bupivacaine and ropivacaine are classified as 

new long-acting local anesthetics, their analgesic effect typically lasts no longer than 8 hours 

(“Local anesthetics: review of pharmacological considerations,” Becker D. E. et al., Anesth Prog., 
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2012, 59(2): 90-102). This duration is generally sufficient for most surgical and invasive 

procedures but often falls short for managing postoperative pain and chronic pain. 

[0005] Although QX-314, a quaternary ammonium salt derivative of lidocaine, can effectively 

block sodium ion currents after passing through the cell membrane and produce a long-lasting 

anesthetic effect, its permanent positive charge hinders its ability to actively pass through the lipid-5 

soluble cell membrane (“Mechanism of frequency-dependent inhibition of sodium currents in frog 

myelinated nerve by the lidocaine derivative GEA,” Courtney K. R., J Pharmacol Exp Ther., 1975, 

195: 225-236). Studies have shown that when QX-314 is combined with local anesthetics or 

transient receptor potential (TRP) channel agonists, it can traverse the cell membrane and produce 

a prolonged local anesthetic effect. However, this combination can also lead to increased local 10 

neurotoxicity and systemic toxicity (“Anti-nociceptive and desensitizing effects of olvanil on 

capsaicin-induced thermal hyperalgesia in the rat,” Alsalem M. et al., BMC Pharmacol Toxicol., 

2016, 17(1): 31). 

[0006] Currently, no new long-acting local anesthetic has been developed in clinical that 

combines effective local anesthesia, prolonged duration, rapid onset, good safety, and low skin 15 

irritation. Therefore, there is an urgent need to address the demand for long-term and safe 

postoperative analgesia. 

SUMMARY 

[0007] Based on this, the present application provides a novel cyclic quaternary ammonium salt 20 

compound and a preparation method and use of the compound. This compound features a novel 

structure and offers several advantages, including prolonged local anesthesia from a single 

administration, no risk of motor nerve damage, and no neurotoxicity. 

[0008] In a first aspect, the present application provides a compound characterized by the 

structural formula (I), or a stereoisomer or solvate thereof: 25 
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[0009] wherein: 

[0010] R1 is selected from the group consisting of aryl and heteroaryl, alternatively, R1, together 

with X1, form non-condensed or condensed azacycloalkyl;

[0011] R2 is selected from the group consisting of C1-8 alkyl and C3-12 cycloalkyl;5 

[0012] R3 is selected from the group consisting of aryl, heteroaryl, and heterocycloalkyl, 

alternatively, R3, together with X2, form condensed azacycloalkyl;

[0013] X1 is selected from the group consisting of O, S, and NRA 
4 , wherein RA 

4  is selected from 

the group consisting of hydrogen, deuterium, C1-8 alkyl, C3-8 cycloalkyl, and C1-4 alkoxy C1-4 alkyl, 

alternatively, RA 
4  and the N it is attached to, together with R1, form non-condensed or condensed 10 

azacycloalkyl;

[0014] X2 is selected from the group consisting of O, S, and NRB 
4 , wherein RB 

4  is selected from 

the group consisting of hydrogen, deuterium, C1-8 alkyl, C3-8 cycloalkyl, and C1-4 alkoxy C1-4 alkyl, 

alternatively, RB 
4  and the N it is attached to, together with R3, form condensed azacycloalkyl;

[0015] L is selected from C1-8 alkylene;15 

[0016] S1 and S2 are each independently selected from the group consisting of a bond and C1-6

alkylene, with the provision that S1 and S2 are not both bonds; and 

[0017] Y- represents a pharmaceutically acceptable anion. 

[0018] In a second aspect, the present application provides a method for producing the compound 

represented by formula (I) or the stereoisomer or solvate thereof as described in any one of the first 20 

aspect of the present application, comprising the following steps: 
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[0019] reacting the compound represented by formula (II) with the compound represented by 

formula (III) to obtain the compound represented by formula (I);

[0020] wherein, Z in formula (II) is an electron-withdrawing leaving group such as bromine, 

chloride or sulfonate, and the groups in formula (II) and formula (III) are defined as in formula (I). 5 

[0021] In a third aspect, the present application provides a pharmaceutical composition 

comprising the compound represented by formula (I) or the stereoisomer or solvate thereof as 

described in any one of the first aspects of the present application, and a pharmaceutically 

acceptable carrier, excipient or diluent. 

[0022] In a fourth aspect, the present application provides use of the compound represented by 10 

formula (I) or the stereoisomer or solvate thereof as described in any one of the first aspect of the 

present application, or the pharmaceutical composition in the third aspect of the present application 

in the manufacture of a medicament for local anesthesia or analgesia. 

[0023] In a fifth aspect, the present application provides a method of local anesthesia or analgesia, 

comprising administering to a subject in need thereof a therapeutically effective amount of the 15 

compound represented by formula (I) or the stereoisomer or solvate thereof as described in any one 

of the first aspect of the present application, or the pharmaceutical composition in the third aspect 

of the present application, wherein the administration is topical administration via transdermal, 

subcutaneous, intradermal, intramuscular, near nerves, intrapulpal, intraspinal, epidural, 

intravenous, or mucosal routes such as eye drops. 20 

DETAILED DESCRIPTION 

[0024] In a first aspect, the present application provides a compound characterized by the 

structural formula (I), or a stereoisomer or solvate thereof: 
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[0025] wherein: 

[0026] R1 is selected from the group consisting of aryl and heteroaryl, alternatively, R1, together 

with X1, form non-condensed or condensed azacycloalkyl;

[0027] R2 is selected from the group consisting of C1-8 alkyl and C3-12 cycloalkyl;5 

[0028] R3 is selected from the group consisting of aryl, heteroaryl, and heterocycloalkyl, 

alternatively, R3, together with X2, form condensed azacycloalkyl;

[0029] X1 is selected from the group consisting of O, S, and NRA 
4 , wherein RA 

4  is selected from 

the group consisting of hydrogen, deuterium, C1-8 alkyl, C3-8 cycloalkyl, and C1-4 alkoxy C1-4 alkyl, 

alternatively, RA 
4  and the N it is attached to, together with R1, form non-condensed or condensed 10 

azacycloalkyl;

[0030] X2 is selected from the group consisting of O, S, and NRB 
4 , wherein RB 

4  is selected from 

the group consisting of hydrogen, deuterium, C1-8 alkyl, C3-8 cycloalkyl, and C1-4 alkoxy C1-4 alkyl, 

alternatively, RB 
4  and the N it is attached to, together with R3, form condensed azacycloalkyl;

[0031] L is selected from C1-8 alkylene;15 

[0032] S1 and S2 are each independently selected from the group consisting of a bond and C1-6

alkylene, with the provision that S1 and S2 are not both bonds; and 

[0033] Y- represents a pharmaceutically acceptable anion. 

[0034] In an embodiment, in the compound represented by formula (I) or the stereoisomer or 

solvate thereof provided in the present application, L is not C3 alkylene. 20 

[0035] In an embodiment of the first aspect of the present application, the present application 

provides a compound characterized by the structural formula (I), or a stereoisomer or solvate 

thereof: 
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[0036] wherein: 

[0037] R1 is selected from the group consisting of aryl and heteroaryl, alternatively, R1, together 

with X1, form non-condensed or condensed azacycloalkyl; wherein the aryl, the heteroaryl, the 

non-condensed azacycloalkyl or the condensed azacycloalkyl is optionally substituted by a group 5 

selected from the group consisting of C1-6 alkyl, C1-6 alkoxy, cyano, halogen, hydroxyl, amino, 

nitro, ester, mono-C1-6 alkylamino, di-C1-6 alkylamino, C2-4 alkenyl, C2-4 alkynyl, C1-6 haloalkyl, 

C1-6 haloalkoxy, and a combination thereof; the condensed azacycloalkyl is condensed by aryl or 

heteroaryl;

[0038] R2 is selected from the group consisting of C1-8 alkyl and C3-12 cycloalkyl, wherein the 10 

C1-8 alkyl or C3-12 cycloalkyl is optionally substituted by a group selected from the group consisting 

of C1-6 alkyl, C1-6 alkoxy, C1-6 haloalkyl, C3-6 cycloalkyl, halogen, hydroxyl, cyano, amino, and a 

combination thereof;

[0039] R3 is selected from the group consisting of aryl, heteroaryl, and heterocycloalkyl, 

alternatively, R3, together with X2, form condensed azacycloalkyl; wherein the aryl, the heteroaryl, 15 

the heterocycloalkyl, or the condensed azacycloalkyl is optionally substituted by a group selected 

from the group consisting of C1-6 alkyl, C1-6 alkoxy, C1-6 alkoxy C1-4 alkyl, C1-6 haloalkyl, C1-6

haloalkoxy, C3-6 cycloalkyl, halogen, hydroxyl, cyano, amino, ester, nitro, sulfonyl, thiol, mono-

C1-6 alkylamino, di-C1-6 alkylamino, C2-4 alkenyl, C2-4 alkynyl, optionally substituted aryl, 

optionally substituted heteroaryl, optionally substituted heterocycloalkyl, and a combination 20 

thereof; wherein the optionally substituted aryl, the optionally substituted heteroaryl, and the 

optionally substituted heterocycloalkyl refer to unsubstituted aryl, unsubstituted heteroaryl, and 

unsubstituted heterocycloalkyl, or are substituted by a group selected from the group consisting of 

C1-6 alkyl, C1-6 alkoxy, C1-6 haloalkyl, C1-6 haloalkoxy, C3-6 cycloalkyl, halogen, hydroxyl, cyano, 

amino, ester, nitro, mono-C1-6 alkylamino, di-C1-6 alkylamino, C2-4 alkenyl, C2-4 alkynyl, and a 25 

combination thereof; the condensed azacycloalkyl is condensed by aryl or heteroaryl;
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[0040] X1 is selected from the group consisting of O, S, and NRA 
4 , wherein RA 

4  is selected from 

the group consisting of hydrogen, deuterium, C1-8 alkyl, C3-8 cycloalkyl, and C1-4 alkoxy C1-4 alkyl, 

alternatively, RA 
4  and the N it is attached to, together with R1, form non-condensed or condensed 

azacycloalkyl; the condensed azacycloalkyl is condensed by aryl or heteroaryl;

[0041] X2 is selected from the group consisting of O, S, and NRB 
4 , wherein RB 

4  is selected from 5 

the group consisting of hydrogen, deuterium, C1-8 alkyl, C3-8 cycloalkyl, and C1-4 alkoxy C1-4 alkyl, 

alternatively, RB 
4  and the N it is attached to, together with R3, form condensed azacycloalkyl; the 

condensed azacycloalkyl is condensed by aryl or heteroaryl;

[0042] L is selected from C1-8 alkylene; wherein the C1-8 alkylene is optionally substituted by a 

group selected from the group consisting of C1-4 alkyl, C1-4 alkoxy, C1-4 haloalkyl, C1-4 haloalkoxy, 10 

C3-6 cycloalkyl, halogen, hydroxy, cyano, amino, ester, nitro, mono-C1-4 alkylamino, di-C1-4

alkylamino, C2-4 alkenyl, C2-4 alkynyl, and a combination thereof;

[0043] S1 and S2 are each independently selected from the group consisting of a bond and C1-6

alkylene, with the provision that S1 and S2 are not both bonds, wherein the C1-6 alkylene optionally 

contains, on the main chain, one heteroatom selected from the group consisting of O, S, and NR5, 15 

wherein R5 is hydrogen or deuterium;

[0044] Y- represents a pharmaceutically acceptable anion. 

[0045] In an embodiment of the first aspect of the present application, the present application 

provides a compound characterized by the structural formula (I), or a stereoisomer or solvate 

thereof: 20 

(I)

N
S1

S2X1

O

R1

R2

Y
L

X2
R3

[0046] wherein: 

[0047] R1 is selected from the group consisting of aryl and heteroaryl, alternatively, R1, together 

with X1, form non-condensed or condensed azacycloalkyl; wherein the aryl, the heteroaryl, the 

non-condensed azacycloalkyl or the condensed azacycloalkyl is optionally substituted by a group 25 
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selected from the group consisting of C1-6 alkyl, C1-6 alkoxy, cyano, halogen, hydroxyl, amino, 

nitro, ester, mono-C1-6 alkylamino, di-C1-6 alkylamino, C2-4 alkenyl, C2-4 alkynyl, C1-6 haloalkyl, 

C1-6 haloalkoxy, and a combination thereof; the condensed azacycloalkyl is condensed by aryl or 

heteroaryl;

[0048] R2 is selected from the group consisting of C1-8 alkyl and C3-12 cycloalkyl, wherein the 5 

C1-8 alkyl or C3-12 cycloalkyl is optionally substituted by a group selected from the group consisting 

of C1-6 alkyl, C1-6 alkoxy, C1-6 haloalkyl, C3-6 cycloalkyl, halogen, hydroxyl, cyano, amino, and a 

combination thereof; and/or

[0049] R3 is selected from the group consisting of aryl, heteroaryl, and heterocycloalkyl, 

alternatively, R3, together with X2, form condensed azacycloalkyl; wherein the aryl, the heteroaryl, 10 

the heterocycloalkyl, or the condensed azacycloalkyl is optionally substituted by a group selected 

from the group consisting of C1-6 alkyl, C1-6 alkoxy, C1-6 alkoxy C1-4 alkyl, C1-6 haloalkyl, C1-6

haloalkoxy, C3-6 cycloalkyl, halogen, hydroxyl, cyano, amino, C1-6 alkanoyl, ester, nitro, sulfonyl, 

thiol, mono-C1-6 alkylamino, di-C1-6 alkylamino, C2-4 alkenyl, C2-4 alkynyl, optionally substituted 

aryl, optionally substituted heteroaryl, optionally substituted heterocycloalkyl, and a combination 15 

thereof; wherein the optionally substituted aryl, the optionally substituted heteroaryl, and the 

optionally substituted heterocycloalkyl refer to unsubstituted aryl, unsubstituted heteroaryl, and 

unsubstituted heterocycloalkyl, or are substituted by a group selected from the group consisting of 

C1-6 alkyl, C1-6 alkoxy, C1-6 haloalkyl, C1-6 haloalkoxy, C3-6 cycloalkyl, halogen, hydroxyl, cyano, 

amino, C1-6 alkanoyl, ester, nitro, mono-C1-6 alkylamino, di-C1-6 alkylamino, C2-4 alkenyl, C2-420 

alkynyl, and a combination thereof; the condensed azacycloalkyl is condensed by aryl or heteroaryl;

[0050] X1 is selected from the group consisting of O, S, and NRA 
4 , wherein RA 

4  is selected from 

the group consisting of hydrogen, deuterium, C1-8 alkyl, C3-8 cycloalkyl, and C1-4 alkoxy C1-4 alkyl, 

alternatively, RA 
4  and the N it is attached to, together with R1, form non-condensed or condensed 

azacycloalkyl; the condensed azacycloalkyl is condensed by aryl or heteroaryl;25 

[0051] X2 is selected from the group consisting of O, S, and NRB 
4 , wherein RB 

4  is selected from 

the group consisting of hydrogen, deuterium, C1-8 alkyl, C3-8 cycloalkyl, and C1-4 alkoxy C1-4 alkyl, 

alternatively, RB 
4  and the N it is attached to, together with R3, form condensed azacycloalkyl; the 

condensed azacycloalkyl is condensed by aryl or heteroaryl;
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[0052] L is selected from C1-8 alkylene, with the provision that L is not C3 alkylene; wherein the 

C1-8 alkylene is optionally substituted by a group selected from the group consisting of C1-4 alkyl, 

C1-4 alkoxy, C1-4 haloalkyl, C1-4 haloalkoxy, C3-6 cycloalkyl, halogen, hydroxy, cyano, amino, ester, 

nitro, mono-C1-4 alkylamino, di-C1-4 alkylamino, C2-4 alkenyl, C2-4 alkynyl, and a combination 

thereof;5 

[0053] S1 and S2 are each independently selected from the group consisting of a bond and C1-6

alkylene, with the provision that S1 and S2 are not both bonds, wherein the C1-6 alkylene optionally 

contains, on the main chain, one heteroatom selected from the group consisting of O, S, and NR5, 

wherein R5 is hydrogen or deuterium;

[0054] Y- represents a pharmaceutically acceptable anion. 10 

[0055] In an embodiment, in the compound represented by formula (I) or the stereoisomer or 

solvate thereof provided in the present application, R1 is phenyl or naphthyl; wherein the phenyl or 

naphthyl is optionally substituted by a group selected from the group consisting of C1-6 alkyl, C1-6

alkoxy, cyano, halogen, hydroxyl, amino, nitro, ester, mono-C1-6 alkylamino, di-C1-6 alkylamino, 

C2-4 alkenyl, C2-4 alkynyl, C1-6 haloalkyl, C1-6 haloalkoxy, and a combination thereof. 15 

[0056] In an embodiment, in the compound represented by formula (I) or the stereoisomer or 

solvate thereof provided in the present application, R1 is phenyl, and the phenyl is optionally 

substituted by a group selected from the group consisting of methyl, ethyl, n-propyl, isopropyl, n-

butyl, sec-butyl, tert-butyl, fluorine, chlorine, bromine, iodine, hydroxyl, amino, nitro, 

carbomethoxy (CH3OC(O)-), carboethoxy (CH3CH2OC(O)-), and a combination thereof 20 

[0057] In an embodiment, in the compound represented by formula (I) or the stereoisomer or 

solvate thereof provided in the present application, R1 is selected from the group consisting of 

phenyl, 2-methylphenyl, 2-methoxyphenyl, 4-methylphenyl, 4-methoxyphenyl, 4-fluorophenyl, 4-

trifluoromethylphenyl, 2-chlorophenyl, 4-chlorophenyl, 2-bromophenyl, 3-bromophenyl, 4-

bromophenyl, 3-hydroxyphenyl, 2,6-dimethylphenyl, 2,6-dimethoxyphenyl, 3-nitrophenyl, 2,6-25 

difluorophenyl, 3-chloro-2-methylphenyl, 2,3-dichlorophenyl, 4-hydroxyphenyl, 2,4,6-

trimethylphenyl, 2,4,6-trimethoxyphenyl, and 2,4,6-trifluorophenyl, preferably 2,6-

dimethylphenyl. 

[0058] In an embodiment, in the compound represented by formula (I) or the stereoisomer or 
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solvate thereof provided in the present application, R1 is selected from the group consisting of 

phenyl, 2-methylphenyl, 2-methoxyphenyl, 4-methylphenyl, 4-methoxyphenyl, 4-fluorophenyl, 4-

trifluoromethylphenyl, 2-chlorophenyl, 4-chlorophenyl, 2-bromophenyl, 3-bromophenyl, 4-

bromophenyl, 3-hydroxyphenyl, 2,6-dimethylphenyl, 2,6-diethylphenyl, 2,6-dimethoxyphenyl, 3-

nitrophenyl, 2,6-difluorophenyl, 2,6-dibromophenyl, 3-chloro-2-methylphenyl, 2,3-5 

dichlorophenyl, 4-hydroxyphenyl, 2,4,6-trimethylphenyl, 2,4,6-trimethoxyphenyl, and 2,4,6-

trifluorophenyl, preferably the group consisting of 2-methylphenyl, 4-fluorophenyl, 2,6-

dibromophenyl, 2,6-diethylphenyl, and 2,6-dimethylphenyl, more preferably 2,6-dimethylphenyl. 

[0059] In an embodiment, in the compound represented by formula (I) or the stereoisomer or 

solvate thereof provided in the present application, R2 is selected from the group consisting of C1-10 

8 alkyl and C3-8 cycloalkyl; wherein the C1-8 alkyl or C3-8 cycloalkyl is optionally substituted by a 

group selected from the group consisting of C1-6 alkyl, C1-6 alkoxy, C1-6 haloalkyl, C3-6 cycloalkyl, 

halogen, hydroxyl, cyano, amino, and a combination thereof. 

[0060] In an embodiment, in the compound represented by formula (I) or the stereoisomer or 

solvate thereof provided in the present application, R2 is selected from the group consisting of 15 

methyl, ethyl, n-propyl, isopropyl, n-butyl, sec-butyl, isobutyl, tert-butyl, n-pentyl, isopentyl, n-

hexyl, cyclopropyl, cyclobutyl, cyclopropylmethyl, cyclobutylmethyl, cyclopentylmethyl, n-octyl, 

and n-heptyl, preferably the group consisting of ethyl, n-propyl, n-butyl, n-pentyl, n-hexyl, n-octyl, 

and n-heptyl, more preferably n-butyl. 

[0061] In an embodiment, in the compound represented by formula (I) or the stereoisomer or 20 

solvate thereof provided in the present application, R2 is selected from the group consisting of 

methyl, ethyl, n-propyl, isopropyl, n-butyl, sec-butyl, isobutyl, tert-butyl, n-pentyl, isopentyl, 4-

methylpentyl, n-hexyl, cyclopropyl, cyclobutyl, cyclopropylmethyl, cyclobutylmethyl, 

cyclopentylmethyl, n-octyl, and n-heptyl, preferably the group consisting of ethyl, n-propyl, n-

butyl, isobutyl, n-pentyl, 4-methylpentyl, n-hexyl, n-octyl, and n-heptyl; more preferably the group 25 

consisting of n-butyl, isobutyl, and 4-methylpentyl, particularly preferably n-butyl. 

[0062] In an embodiment, in the compound represented by formula (I) or the stereoisomer or 

solvate thereof provided in the present application, R3 is selected from the group consisting of aryl, 

heteroaryl, and three-membered to eight-membered heterocycloalkyl, alternatively, R3, together 
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with X2, form condensed azacycloalkyl; wherein the aryl, the heteroaryl, the three-membered to 

eight-membered heterocycloalkyl, or the condensed azacycloalkyl is optionally substituted by a 

group selected from the group consisting of C1-6 alkyl, C1-6 alkoxy, C1-6 alkoxy C1-4 alkyl, C1-6

haloalkyl, C1-6 haloalkoxy, C3-6 cycloalkyl, halogen, hydroxyl, cyano, amino, ester, nitro, sulfonyl, 

thiol, mono-C1-6 alkylamino, di-C1-6 alkylamino, C2-4 alkenyl, C2-4 alkynyl, optionally substituted 5 

phenyl, and a combination thereof; wherein the optionally substituted phenyl refers to unsubstituted 

phenyl, or is substituted by a group selected from the group consisting of C1-6 alkyl, C1-6 alkoxy, 

C1-6 haloalkyl, C1-6 haloalkoxy, C3-6 cycloalkyl, halogen, hydroxy, cyano, amino, ester, nitro, mono-

C1-6 alkylamino, di-C1-6 alkylamino, C2-4 alkenyl, C2-4 alkynyl, and a combination thereof; the 

condensed azacycloalkyl is condensed with phenyl or heteroaryl. 10 

[0063] In an embodiment, in the compound represented by formula (I) or the stereoisomer or 

solvate thereof provided in the present application, R3 is selected from the group consisting of aryl, 

heteroaryl, and three-membered to eight-membered heterocycloalkyl, alternatively, R3, together 

with X2, form condensed azacycloalkyl; wherein the aryl, the heteroaryl, the three-membered to 

eight-membered heterocycloalkyl, or the condensed azacycloalkyl is optionally substituted by a 15 

group selected from the group consisting of C1-6 alkyl, C1-6 alkoxy, C1-6 alkoxy C1-4 alkyl, C1-6

haloalkyl, C1-6 haloalkoxy, C3-6 cycloalkyl, halogen, hydroxyl, cyano, amino, C1-6 alkanoyl, ester, 

nitro, sulfonyl, thiol, mono-C1-6 alkylamino, di-C1-6 alkylamino, C2-4 alkenyl, C2-4 alkynyl, 

optionally substituted phenyl, and a combination thereof; optionally, adjacent substituents, together 

with the atoms they are attached to, form a ring; wherein the optionally substituted phenyl refers 20 

to unsubstituted phenyl, or is substituted by a group selected from the group consisting of C1-6 alkyl, 

C1-6 alkoxy, C1-6 haloalkyl, C1-6 haloalkoxy, C3-6 cycloalkyl, halogen, hydroxy, cyano, amino, ester, 

nitro, mono-C1-6 alkylamino, di-C1-6 alkylamino, C2-4 alkenyl, C2-4 alkynyl, and a combination 

thereof; the condensed azacycloalkyl is condensed with phenyl or heteroaryl. 

[0064] In an embodiment, in the compound represented by formula (I) or the stereoisomer or 25 

solvate thereof provided in the present disclosure, R3 is selected from the group consisting of 

phenyl, 4-fluorobenzyl, 2-methylphenyl, 2-methoxyphenyl, 2-fluorophenyl, 2-chlorophenyl, 2-

bromophenyl, 2-hydroxyphenyl, 3-methylphenyl, 3-methoxyphenyl, 3-fluorophenyl, 3-

chlorophenyl, 3-bromophenyl, 3-hydroxyphenyl, 4-methylphenyl, 4-methoxyphenyl, 4-

fluorophenyl, 4-chlorophenyl, 4-bromophenyl, 4-hydroxyphenyl, 4-trifluoromethylphenyl, 2,4-30 
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dimethylphenyl, 2,4-dimethoxyphenyl, 2,4-difluorophenyl, 2,4-dichlorophenyl, 2,4-

dihydroxyphenyl, 2,6-dimethylphenyl, 2,6-dimethoxyphenyl, 2,6-difluorophenyl, 2,6-

dichlorophenyl, 2,6-dihydroxyphenyl, 2,4,6-trimethylphenyl, 2,4,6-trimethoxyphenyl, 2,4,6-

trifluorophenyl, 2-amino-5-fluorophenyl, 2-isopropyl-5-methylphenyl, 4-cyanophenyl, 4-

ethoxycarbonylphenyl, 2,6-di-tert-butyl-4-methylphenyl, 4-nitrophenyl, and 4-sulfonylphenyl, 5 

alternatively, R3, together with X2, form condensed piperidinyl, condensed piperazinyl, or 

condensed pyrrolidinyl, wherein the condensed piperidinyl, the condensed piperazinyl, or the 

condensed pyrrolidinyl is condensed with a group selected from the group consisting of phenyl, 

thienyl, furanyl, pyrrolyl, thiazolyl, isothiazolyl, imidazolyl, triazolyl, pyridinyl, and pyrimidinyl;

and the condensed piperidinyl, the condensed piperazinyl or the condensed pyrrolidinyl is 10 

optionally substituted by a group selected from the group consisting of methyl, ethyl, n-propyl, 

isopropyl, n-butyl, sec-butyl, tert-butyl, fluorine, chlorine, bromine, iodine, hydroxyl, amino, nitro, 

carbomethoxy, carboethoxy, phenyl, substituted phenyl, and a combination thereof; preferably, R3

is selected from the group consisting of phenyl, 2-methylphenyl, 3-methylphenyl, 4-methylphenyl, 

4-fluorophenyl, 2-amino-5-fluorophenyl, 2-isopropyl-5-methylphenyl, 4-cyanophenyl, 4-15 

ethoxycarbonylphenyl, 2,6-di-tert-butyl-4-methylphenyl, 4-nitrophenyl, 4-sulfonylphenyl, and 4-

hydroxyphenyl; alternatively, R3, together with X2, form imidazopiperazinyl, thienopiperazinyl, or 

pyrrolopiperazinyl; optionally, the imidazopiperazinyl, thienopiperazinyl, or pyrrolopiperazinyl is 

substituted by a group selected from the group consisting of methyl, ethyl, n-propyl, isopropyl, n-

butyl, sec-butyl, tert-butyl, fluorine, chlorine, bromine, iodine, hydroxyl, amino, nitro, 20 

carbomethoxy, carboethoxy, phenyl, and a combination thereof. 

[0065] In an embodiment, in the compound represented by formula (I) or the stereoisomer or 

solvate thereof provided in the present disclosure, R3 is selected from the group consisting of 

phenyl, 4-fluorobenzyl, 2-methylphenyl, 2-methoxyphenyl, 2-fluorophenyl, 2-chlorophenyl, 2-

bromophenyl, 2-hydroxyphenyl, 3-methylphenyl, 3-methoxyphenyl, 3-fluorophenyl, 3-25 

chlorophenyl, 3-bromophenyl, 3-hydroxyphenyl, 3-cyanophenyl, 3-trifluoromethylphenyl, 4-

methylphenyl, 4-methoxyphenyl, 4-fluorophenyl, 4-chlorophenyl, 4-bromophenyl, 4-

hydroxyphenyl, 4-trifluoromethylphenyl, 2,4-dimethylphenyl, 2,4-dimethoxyphenyl, 2,4-

difluorophenyl, 2,4-dichlorophenyl, 2,4-dihydroxyphenyl, 3,4-difluorophenyl, 3,4-dichlorophenyl, 

3,5-difluorophenyl, 2,6-dimethylphenyl, 2,6-dimethoxyphenyl, 2,6-difluorophenyl, 2,6-30 
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dichlorophenyl, 2,6-dihydroxyphenyl, 2,4,6-trimethylphenyl, 2,4,6-trimethoxyphenyl, 2,4,6-

trifluorophenyl, 2-amino-5-fluorophenyl, 2-isopropyl-5-methylphenyl, 4-cyanophenyl, 4-

ethoxycarbonylphenyl, 2,6-di-tert-butyl-4-methylphenyl, 4-nitrophenyl, 4-sulfonylphenyl, 2,2-

dimethyl-2,3-dihydrobenzofuran-7-yl, naphthyl, and 6-acetylnaphth-2-yl; alternatively, R3, 

together with X2, form condensed piperidinyl, condensed piperazinyl, or condensed pyrrolidinyl, 5 

wherein the condensed piperidinyl, the condensed piperazinyl, or the condensed pyrrolidinyl is 

condensed with a group selected from the group consisting of phenyl, thienyl, furanyl, pyrrolyl, 

thiazolyl, isothiazolyl, imidazolyl, triazolyl, pyridinyl, and pyrimidinyl; and the condensed 

piperidinyl, the condensed piperazinyl or the condensed pyrrolidinyl is optionally substituted by a 

group selected from the group consisting of methyl, ethyl, n-propyl, isopropyl, n-butyl, sec-butyl, 10 

tert-butyl, fluorine, chlorine, bromine, iodine, hydroxyl, amino, nitro, carbomethoxy, carboethoxy, 

phenyl, substituted phenyl, and a combination thereof; preferably, R3 is selected from the group 

consisting of phenyl, 2-methylphenyl, 3-methylphenyl, 4-methylphenyl, 4-fluorophenyl, 3-

cyanophenyl, 3-trifluoromethylphenyl, 3,4-difluorophenyl, 3,4-dichlorophenyl, 3,5-

difluorophenyl, 2-amino-5-fluorophenyl, 2-isopropyl-5-methylphenyl, 4-cyanophenyl, 4-15 

ethoxycarbonylphenyl, 2,6-di-tert-butyl-4-methylphenyl, 4-nitrophenyl, 4-sulfonylphenyl, 4-

hydroxyphenyl, 2,2-dimethyl-2,3-dihydrobenzofuran-7-yl, and 6-acetylnaphth-2-yl; alternatively, 

R3, together with X2, form imidazopiperazinyl, thienopiperazinyl, or pyrrolopiperazinyl; optionally, 

the imidazopiperazinyl, thienopiperazinyl, or pyrrolopiperazinyl is substituted by a group selected 

from the group consisting of methyl, ethyl, n-propyl, isopropyl, n-butyl, sec-butyl, tert-butyl, 20 

fluorine, chlorine, bromine, iodine, hydroxyl, amino, nitro, carbomethoxy, carboethoxy, phenyl, 

and a combination thereof. 

[0066] In an embodiment, in the compound represented by formula (I) or the stereoisomer or 

solvate thereof provided in the present disclosure, L is selected from C3-6 alkylene; wherein the C3-

6 alkylene is optionally substituted by a group selected from the group consisting of C1-4 alkyl, C1-25 

4 alkoxy, C1-4 haloalkyl, C1-4 haloalkoxy, C3-6 cycloalkyl, halogen, hydroxyl, cyano, amino, ester, 

nitro, mono-C1-4 alkylamino, di-C1-4 alkylamino, C2-4 alkenyl, C2-4 alkynyl, and a combination 

thereof. 

[0067] In an embodiment, in the compound represented by formula (I) or the stereoisomer or 

solvate thereof provided in the present disclosure, L is selected from C3-6 alkylene, with the 30 
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provision that L is not C3 alkylene; wherein the C3-6 alkylene is optionally substituted by a group 

selected from the group consisting of C1-4 alkyl, C1-4 alkoxy, C1-4 haloalkyl, C1-4 haloalkoxy, C3-6

cycloalkyl, halogen, hydroxyl, cyano, amino, ester, nitro, mono-C1-4 alkylamino, di-C1-4

alkylamino, C2-4 alkenyl, C2-4 alkynyl, and a combination thereof. 

[0068] In an embodiment, in the compound represented by formula (I) or the stereoisomer or 5 

solvate thereof provided in the present disclosure, L is selected from the group consisting of -

(CH2)3-, -(CH2)4-, -(CH2)5-, -(CH2)6-, and -(CH2)2CHCH3(CH2)2-, preferably -(CH2)4- or -(CH2)5-. 

[0069] In an embodiment, in the compound represented by formula (I) or the stereoisomer or 

solvate thereof provided in the present disclosure, L is selected from the group consisting of -

(CH2)4-, -(CH2)5-, -(CH2)6-, and -(CH2)2CHCH3(CH2)2-, preferably -(CH2)4- or -(CH2)5-. 10 

[0070] In an embodiment, in the compound represented by formula (I) or the stereoisomer or 

solvate thereof provided in the present disclosure, X1 is selected from the group consisting of O, 

NH, NCH3, NCH2CH3, and N(CH2)2CH3, preferably, X1 is NH. 

[0071] In an embodiment, in the compound represented by formula (I) or the stereoisomer or 

solvate thereof provided in the present disclosure, X2 is selected from the group consisting of O, 15 

NH, NCH3, NCH2CH3, and N(CH2)2CH3, alternatively, X2, together with R3, form condensed 

piperidinyl, condensed piperazinyl or condensed pyrrolidinyl, wherein the condensed piperidinyl, 

the condensed piperazinyl or the condensed pyrrolidinyl is condensed with a group selected from 

the group consisting of phenyl, thienyl, furanyl, pyrrolyl, thiazolyl, isothiazolyl, imidazolyl, 

triazolyl, pyridinyl, and pyrimidinyl; and the condensed piperidinyl, the condensed piperazinyl or 20 

the condensed pyrrolidinyl is optionally substituted by a group selected from the group consisting 

of methyl, ethyl, n-propyl, isopropyl, n-butyl, sec-butyl, tert-butyl, fluorine, chlorine, bromine, 

iodine, hydroxyl, amino, nitro, carbomethoxy, carboethoxy, phenyl, substituted phenyl, and a 

combination thereof; preferably, X2 is O or NH, alternatively, X2, together with R3, form 

imidazopiperazinyl, thienopiperazinyl, or pyrrolopiperazinyl; optionally, the imidazopiperazinyl, 25 

thienopiperazinyl, or pyrrolopiperazinyl is substituted by a group selected from the group 

consisting of methyl, ethyl, n-propyl, isopropyl, n-butyl, sec-butyl, tert-butyl, fluorine, chlorine, 

bromine, iodine, hydroxyl, amino, nitro, carbomethoxy, carboethoxy, phenyl, and a combination 

thereof. 
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[0072] In an embodiment, in the compound represented by formula (I) or the stereoisomer or 

solvate thereof provided in the present disclosure, when one of S1 and S2 is a bond, the other is 

selected from the group consisting of -(CH2)2-, -(CH2)3-, -(CH2)4-, -(CH2)5-, and -(CH2)6-. 

[0073] In an embodiment, in the compound represented by formula (I) or the stereoisomer or 

solvate thereof provided in the present disclosure, Y- is selected from the group consisting of a 5 

halogen anion, sulfate, acetate, tartrate, p-toluenesulfonate, methanesulfonate, and citrate, 

preferably the group consisting of Cl-, Br-, and CH3COO-; more preferably Br-. 

[0074] In an embodiment, in the compound represented by formula (I) or the stereoisomer or 

solvate thereof provided in the present disclosure, the compound has the structure characterized by 

formula (IV): 10 

[0075] wherein X1 is NRA 
4 , wherein RA 

4  is selected from the group consisting of hydrogen, 

deuterium, C1-8 alkyl, C3-8 cycloalkyl, and C1-4 alkoxy C1-4 alkyl, preferably X1 is NH;

[0076] X2 is selected from the group consisting of O, S and NRB 
4 , wherein RB 

4  is selected from 

the group consisting of hydrogen, deuterium, C1-8 alkyl, C3-8 cycloalkyl, and C1-4 alkoxy C1-4 alkyl; 15 

preferably X2 is selected from the group consisting of O, NH, NCH3, NCH2CH3, and N(CH2)2CH3, 

more preferably X2 is O or NH;

[0077] R6, R7, R8, R9, and R10 are each independently selected from the group consisting of 

hydrogen, fluorine, chlorine, bromine, iodine, hydroxyl, cyano, nitro, amino, ester, C1-4 alkyl, C1-4

alkoxy, and C1-4 alkoxyC1-4 alkyl;20 

[0078] R1, R2, L and Y- are as defined above in formula (I). 

[0079] In an embodiment, in the compound represented by formula (I) or the stereoisomer or 

solvate thereof provided in the present disclosure, R6, R7, R8, R9, and R10 are each independently 

selected from the group consisting of hydrogen, fluorine, chlorine, bromine, iodine, hydroxyl, 
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cyano, nitro, amino, ester, C1-4 alkyl, C1-4 alkoxy, and C1-4 alkoxyC1-4 alkyl; optionally, adjacent 

substituents, together with the atoms they are attached to, form a ring. 

[0080] In an embodiment, in the compound represented by formula (I) or the stereoisomer or 

solvate thereof provided in the present disclosure, the compound has the structure characterized by 

formula (V): 5 

[0081] wherein X1 is NRA 
4 , wherein RA 

4  is selected from the group consisting of hydrogen, 

deuterium, C1-8 alkyl, C3-8 cycloalkyl, and C1-4 alkoxy C1-4 alkyl, preferably X1 is NH;

[0082] X2 is selected from the group consisting of O, S and NRB 
4 , wherein RB 

4  is selected from 

the group consisting of hydrogen, deuterium, C1-8 alkyl, C3-8 cycloalkyl, and C1-4 alkoxy C1-4 alkyl, 10 

preferably X2 is selected from the group consisting of O, NH, NCH3, NCH2CH3, and N(CH2)2CH3, 

more preferably X2 is O or NH;

[0083] R6, R7, R8, R9, and R10 are each independently selected from the group consisting of 

hydrogen, fluorine, chlorine, bromine, iodine, hydroxyl, cyano, nitro, amino, ester, C1-4 alkyl, C1-4

alkoxy, and C1-4 alkoxy C1-4 alkyl;15 

[0084] R1, R2, L and Y- are as defined above in formula (I). 

[0085] In an embodiment, in the compound represented by formula (I) or the stereoisomer or 

solvate thereof provided in the present disclosure, the compound has the structure characterized by 

formula (V); R6, R7, R8, R9, and R10 are each independently selected from the group consisting of 

hydrogen, fluorine, chlorine, bromine, iodine, hydroxyl, cyano, nitro, amino, ester, C1-4 alkyl, C1-420 

alkoxy, and C1-4 alkoxy C1-4 alkyl; optionally, adjacent substituents, together with the atoms they 

are attached to, form a ring. 

[0086] In an embodiment, in the compound represented by formula (I) or the stereoisomer or 

solvate thereof provided in the present disclosure, the compound has the structure characterized by 



-17- 

formula (VI): 

[0087] wherein X1 is NRA 
4 , wherein RA 

4  is selected from the group consisting of hydrogen, 

deuterium, C1-8 alkyl, C3-8 cycloalkyl, and C1-4 alkoxy C1-4 alkyl, preferably X1 is NH;

[0088] X3 is C or N;5 

[0089] R10 is selected from the group consisting of hydrogen, C1-4 alkyl, C1-4 alkoxy, C1-4 alkoxy 

C1-4 alkyl, and aryl, wherein the aryl is optionally substituted by a group selected from the group 

consisting of fluorine, chlorine, bromine, iodine, hydroxyl, cyano, nitro, amino, ester, C1-4 alkyl, 

C1-4 alkoxy, and C1-4 alkoxy C1-4 alkyl;

[0090] R1, R2, L and Y- are as defined above in formula (I). 10 

[0091] In an embodiment, in the compound represented by formula (I) or the stereoisomer or 

solvate thereof provided in the present disclosure, the compound has the structure characterized by 

formula (VII): 

[0092] wherein X2 is selected from the group consisting of O, S and NRB 
4 , wherein RB 

4  is selected 15 

from the group consisting of hydrogen, deuterium, C1-8 alkyl, C3-8 cycloalkyl, and C1-4 alkoxy C1-4

alkyl, preferably X2 is selected from the group consisting of O, NH, NCH3, NCH2CH3, and 

N(CH2)2CH3, more preferably X2 is O or NH;

[0093] R6, R7, R8, R9, and R10 are each independently selected from the group consisting of 

hydrogen, fluorine, chlorine, bromine, iodine, hydroxyl, cyano, nitro, amino, ester, C1-4 alkyl, C1-420 

alkoxy, and C1-4 alkoxy C1-4 alkyl;
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[0094] L and Y- are as defined above in formula (I). 

[0095] In an embodiment, in the compound represented by formula (I) or the stereoisomer or 

solvate thereof provided in the present disclosure, the compound has the structure characterized by 

formula (VII), wherein R6, R7, R8, R9, and R10 are each independently selected from the group 

consisting of hydrogen, fluorine, chlorine, bromine, iodine, hydroxyl, cyano, nitro, amino, ester, 5 

C1-4 alkyl, C1-4 alkoxy, and C1-4 alkoxy C1-4 alkyl; optionally, adjacent substituents, together with 

the atoms they are attached to, form a ring. 

[0096] In a specific embodiment, the compound is selected from the group consisting of the 

following structures: 

10 
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[0097] In another specific embodiment, the compound is selected from the group consisting of 

the following structures: 
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[0098] The second aspect of the present application involves a method for producing the 

compound represented by general formula (I) or the stereoisomer or solvate thereof as described in 

any one of the first aspect of the present application, comprising the following steps: 

5 

[0099] reacting the compound represented by formula (II) with the compound represented by 

formula (III) to obtain the compound represented by formula (I);

[00100] wherein, Z in formula (II) is an electron-withdrawing leaving group such as bromine, 

chloride or sulfonate, and the groups in formula (II) and formula (III) are defined as in formula (I). 

[00101] In the method of the present application, formula (II) can be produced by the following 10 

method: 
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[00102] wherein, the groups in formula (II-1) and formula (II-2) are defined as above. 

[00103] The third aspect of the present application involves a pharmaceutical composition, 

comprising the compound represented by general formula (I) or the stereoisomer or solvate thereof 

as described in any one of the first aspect of the present application and a pharmaceutically 

acceptable carrier, excipient or diluent. 5 

[00104] The fourth aspect of the present application involves use of the compound represented by 

general formula (I) or the stereoisomer or solvate thereof as described in any one of the first aspect 

of the present application or the pharmaceutical composition in the third aspect of the present 

application in the manufacture of a medicament for local anesthesia or analgesia. 

[00105] According to the use described in any one of the fourth aspect of the present application, 10 

the local anesthesia is selected from the group consisting of conduction anesthesia, surface 

anesthesia, and infiltration anesthesia; and the analgesia is suitable for pain selected from the group 

consisting of chronic pain, acute pain, inflammatory pain, cancer pain, neuropathic pain, 

musculoskeletal pain, primary pain, intestinal pain, and idiopathic pain. 

[00106] According to the use described in any one of the fourth aspect of the present application, 15 

the medicament is administered topically via transdermal, subcutaneous, intradermal, 

intramuscular, near nerves, intrapulpal, intraspinal, epidural, intravenous, or mucosal routes such 

as eye drops. 

[00107] The fifth aspect of the present application involves a method of local anesthesia or 

analgesia, comprising administering to a subject in need thereof a therapeutically effective amount 20 

of the compound represented by general formula (I) or the stereoisomer or solvate thereof as 

described in any one of the first aspect of the present application or the pharmaceutical composition 

in the third aspect of the present application. The administration is topical administration via 

transdermal, subcutaneous, intradermal, intramuscular, near nerves, intrapulpal, intraspinal, 

epidural, intravenous, or mucosal routes such as eye drops. 25 

[00108] Beneficial effects of the present application 

[00109] The present application provides a cyclic quaternary ammonium salt compound with a 

novel structural type. Experimental results indicate that the compound of the present application 

offers a prolonged local anesthetic effect at a single administration, without causing motor nerve 
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damage. It demonstrates excellent safety, rapid onset, and minimal skin irritation. The present 

application provides long-acting local anesthetics with novel structures to address the limitations 

of existing clinical options, such as short duration, tissue and neurotoxicity, and skin irritation. It 

represents a significant advancement in medical strategies for anesthesia and analgesia. 

[00110] The terms used in the specification and claims of the present application are defined as 5 

follows. For any specific term, if its definition in this application differs from the generally accepted 

meaning understood by those skilled in the art, the definition provided in this application shall 

prevail. If a term is not explicitly defined in this application, it shall be understood according to its 

commonly accepted meaning in the art. 

[00111] In the present application, the names of compounds correspond to their structural 10 

formulas. In cases where there is a discrepancy between the compound names and their structural 

formulas, the structural formulas shall prevail. Alternatively, it may be inferred based on the 

specific context of the present disclosure and the expertise of those skilled in the art. 

[00112] The term “alkyl” as used herein refers to a linear or branched monovalent saturated 

hydrocarbon group. 15 

[00113] The term “C1-8 alkyl” refers to a linear or branched alkyl group with 1 to 8, i.e., 1, 2, 3, 4, 

5, 6, 7 or 8 carbon atoms, typically methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl, 

tert-butyl, neopentyl, pentyl, hexyl, 1-ethyl-2-methylpropyl, 1,1,2-trimethylpropyl, 1,1-

dimethylbutyl, 1,2-dimethylbutyl, 2,2-dimethylbutyl, 1,3-dimethylbutyl, 2-ethylbutyl, 2-

methylpentyl, 3-methylpentyl, 4-methylpentyl, 2,3-dimethylbutyl, n-heptyl, 2-methylhexyl, 3-20 

methylhexyl, 4-methylhexyl, 5-methylhexyl, 2,3-dimethylpentyl, 2,4-dimethylpentyl, 2,2-

dimethylpentyl, 3,3-dimethylpentyl, 2-ethylpentyl, 3-ethylpentyl, or n-octyl. Similarly, the term 

“C1-4 alkyl” refers to a linear or branched alkyl group with 1, 2, 3 or 4 carbon atoms, including 

methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl and tert-butyl. The alkyl in the 

present application is preferably C1-6 alkyl, more preferably C1-4 alkyl. 25 

[00114] The term “alkylene” as used herein refers to a saturated linear or branched aliphatic 

hydrocarbon group that has two residues derived from an alkane by removal of two hydrogen atoms 

from either the same carbon atom or different carbon atoms of the alkane. It is a linear or branched 

group containing 1 to 16 carbon atoms, preferably an alkylene group containing 1 to 6 carbon atoms. 
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Non-limiting examples of “alkylene” include, but are not limited to, -CH2-, -(CH2)2-, -(CH2)3-, -

(CH2)4-, -(CH2)5-, and -(CH2)6-. 

[00115] The term “alkenylene” as used herein refers to a group formed by formally removing two 

hydrogen atoms from an alkene. Non-limiting examples of “alkenylene” include, but are not 

limited to,-CH=CH-, and . 5 

[00116] The term “alkynylene” as used herein refers to a group formed by formally removing two 

hydrogen atoms from an alkyne. Non-limiting examples of “alkynylene” include, but are not 

limited to . 

[00117] The term “alkoxy” as used herein refers to -O-(alkyl) and -O-(unsubstituted cycloalkyl), 

where “alkyl” is as defined above. Non-limiting examples of “alkoxy” include, but are not limited 10 

to, methoxy, ethoxy, propoxy, butoxy, cyclopropyloxy, cyclobutyloxy, cyclopentyloxy, and 

cyclohexyloxy. 

[00118] The term “C2-4 alkenyl” as used herein refers to an alkenyl group containing 2 to 4 carbon 

atoms, with either 1 or 2 carbon-carbon double bonds. When the alkenyl group has more than one 

double bond, these double bonds may be conjugated or non-conjugated. Non-limiting examples of 15 

“C2-4 alkenyl” include, but are not limited to, vinyl and ethenyl. 

[00119] The term “C2-4 alkynyl” as used herein refers to an alkynyl group containing 2 to 4 carbon 

atoms, with either 1 or 2 carbon-carbon triple bonds. When the alkynyl group has more than one 

triple bond, these triple bonds may be conjugated or non-conjugated. A non-limiting example of 

“C2-4 alkynyl” includes, but is not limited to, ethynyl. 20 

[00120] The term “cycloalkyl” as used herein refers to a saturated carbocyclic group containing 

3, 4, 5, 6, 7, 8, 9, or 10 carbon atoms. The cycloalkyl group can be either a monocyclic or polycyclic 

condensed system, and it may be fused to an aromatic ring. Non-limiting examples of “cycloalkyl” 

include, but are not limited to, cyclopropyl, cyclobutyl, cyclopentyl, and cyclohexyl. 

[00121] The term “halogen” as used herein refers to fluorine, chlorine, bromine, and iodine atoms. 25 

[00122] The term “aryl” as used herein refers to a monocyclic or bicyclic aromatic system 

containing at least one unsaturated aromatic ring, preferably an aromatic group with 6-10, i.e., 6, 
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7, 8, 9 or 10 carbon atoms. Non-limiting examples of “aryl” include, but are not limited to, phenyl, 

naphthyl, 1,2,3,4-tetrahydronaphthyl, and indenyl. 

[00123] The term “heteroaryl” as used herein refers to a monocyclic or bicyclic unsaturated 

aromatic ring system optionally substituted by at least one heteroatom independently selected from 

the group consisting of N, O, and S, preferably an aromatic heterocyclic group with 5-10, i.e., 5, 6, 5 

7, 8, 9 or 10 atoms. Non-limiting examples of “heteroaryl” include, but are not limited to, thienyl, 

2-pyridyl, 3-pyridyl, thiazolyl, isothiazolyl, furanyl, pyrrolyl, triazolyl, and imidazolyl. 

[00124] The term “heterocycloalkyl” as used herein refers to a monocyclic or bicyclic saturated 

ring system optionally substituted by at least one and up to four heteroatoms independently selected 

from the group consisting of N, O, and S, preferably a heterocyclic group having 4-10, i.e., 4, 5, 6, 10 

7, 8, 9 or 10 atoms, provided that the ring does not contain two adjacent O or S atoms. Non-limiting 

examples of “heterocycloalkyl” include, but are not limited to, pyrrolidinyl, piperidinyl, 

morpholinyl, and piperazinyl. 

[00125] The term “haloalkyl” as used herein refers to an alkyl group that is substituted by one or 

more halogen atoms, where the alkyl is as defined above. 15 

[00126] The term “haloalkoxy” as used herein refers to an alkoxy group that is substituted by one 

or more halogen atoms, where the alkoxy is as defined above. 

[00127] The term “solvate” as used herein refers to a physical combination of a compound of the 

present disclosure with one or more solvent molecules. Representative solvates include organic 

solvates such as methanolates, ethanolates, and acetonitrile, as well as hydrates such as 20 

monohydrates, sesquihydrates, and dihydrates. 

[00128] The term “hydroxyl” as used herein refers to -OH. 

[00129] The term “amino” as used herein refers to -NH2. 

[00130] The term “cyano” as used herein refers to -CN. 

[00131] The term “nitro” as used herein refers to -NO2. 25 

[00132] The term “sulfonyl” as used herein refers to -SO3H. 

[00133] The term “ethoxycarbonyl” as used herein refers to-COOEt. 
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[00134] The term “ester” as used herein refers to -C(O)O(alkyl) or -C(O)O(cycloalkyl), where 

alkyl and cycloalkyl are as defined above. 

[00135] The term “acyl” as used herein refers to -C(O)(alkyl), -C(O)H or -C(O)O(cycloalkyl), 

where alkyl and cycloalkyl are as defined above. 

[00136] The term “adjacent substituents, together with the atoms they are attached to, form a ring” 5 

as used herein refers to a carbon ring or a heterocyclic ring that contains O, N or S. The ring may 

optionally be substituted by alkyl or alkoxy. 

[00137] The term “long-acting” as used herein indicate that a single drug is considered to be long-

acting when the duration of its anesthetic effect is longer than that of levobupivacaine 

hydrochloride at a standard concentration. 10 

[00138] The terms “optional” or “optionally” indicate that the described event or circumstance 

may occur but is not required to occur. The description covers both scenarios where the event or 

circumstance does and does not occur. For example, “aryl optionally substituted by alkyl” means 

that the alkyl may or may not be present, and includes both instances where the aryl is substituted 

by alkyl and where it is not. 15 

[00139] Additional features and advantages of the present application will be described in the 

following description and will partly become evident from the description or through the 

implementation of the present application. Further advantages can be realized and achieved through 

the embodiments described in the description. 

20 

DETAILED DESCRIPTION 

[00140] The following specific examples illustrate the implementation process and the beneficial 

effects of the present disclosure. These examples are intended to help readers better understand the 

essence and characteristics of the present disclosure and are not meant to limit the implementation 

scope of the present application. The examples provided are for illustrative purposes only and 25 

should not be construed as limiting the scope of the present application. 

[00141] The structures of the compounds were determined using nuclear magnetic resonance 

(NMR) and/or mass spectrometry (MS). NMR chemical shifts (δ) are reported in units of 10-6. 
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NMR measurements were conducted with a Bruker Ultrashield™ 400 MHz Plus NMR 

spectrometer, with deuterated dimethyl sulfoxide (DMSO-d6), deuterated chloroform (CDCl3), and 

deuterated methanol (CD3OD) used as solvents, and with tetramethylsilane (TMS) used as the 

internal standard. 

[00142] MS was conducted using a Waters QDa MS KAD3195 portable mass spectrometer. 5 

[00143] HPLC was performed with a Waters 2545-2767-2489 high-pressure liquid 

chromatograph, with an Epic Polar 5u 120A 25 cm × 30 mm column. 

[00144] Thin layer chromatography was carried out using Xiya Reagent GF254 silica gel plates. 

[00145] For column chromatography, 200-300 mesh silica gel from Qingdao Marine Chemical 

Co., Ltd. was used as the carrier. 10 

[00146] The starting materials known in the present application can be synthesized using methods 

well-established in the art or purchased from reagent suppliers such as Aladdin, Bidex 

Pharmaceuticals, and WuXi AppTec Labnetwork. 

[00147] Abbreviations related to chemical synthesis: 

[00148] TLC: Thin Layer Chromatography 15 

[00149] HPLC: High Performance Liquid Chromatography 

[00150] MS: Mass Spectrometry 

[00151] 1H NMR: Proton Nuclear Magnetic Resonance Spectroscopy 

[00152] 13C NMR: Carbon-13 Nuclear Magnetic Resonance Spectroscopy 

[00153] V/m: Volume-to-mass ratio, indicating that the preceding equivalent (eq) refers to the 20 

ratio of volume to mass 

[00154] m/m: Mass-to-mass ratio, indicating that the preceding equivalent (eq) refers to the ratio 

of mass to mass 

Example 1 

[00155] (2S)-1-Butyl-2-((2,6-dimethylphenyl)carbamoyl)-1-(4-(phenylamino)butyl)piperidine 25 

bromide 
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[00156] Step 1 

[00157] Levobupivacaine 1a (17.36 mmol, 1.0 eq, 5 g) was weighed and added with 1,4-

dibromobutane (2.0 eq of 1a, V/m, 10 ml). The mixture was stirred and heated to 100°C. The 

reaction progress was monitored to be completed using TLC. Column chromatography was 5 

performed on silica gel using an eluent system of CH2Cl2: MeOH=20:1. The eluate was collected 

and concentrated by rotary evaporation to yield an orange-yellow oily liquid, Compound 1b (4.5 g, 

59.13% yield, HPLC > 90%). ESI-MS m/z: 423.34[M]+, 425.34[M+2H]+. 

[00158] Step 2 

[00159] Compound 1b (1.14 mmol, 1 eq, 0.50 g) was weighed and dissolved in analytical-grade 10 

acetonitrile (10 eq of 1b, V/m, 5.0 ml) with stirring. Analytical-grade sodium bicarbonate (1 eq of 

1b, m/m, 0.50 g) and aniline (1.34 mmol, 1.2 eq, 0.14 g) were added. The mixture was heated to 

80°C for reaction, and the reaction progress was monitored to be completed using TLC. The 

reaction mixture was filtered, and the filter cake was washed with acetonitrile (30 eq of 1b, V/m, 

15 ml, three times). The filtrate was collected and subjected to preparative separation to obtain a 15 

white solid, Compound 1 (0.10 g, 15.85% yield, HPLC > 98%). 

[00160] MS m/z=436.40[M]+. 

[00161] 1H NMR (400MHz, CD3OD): δ12.26(s, 1H), 10.09(s, 1H), 7.12-6.97(m, 5H), 6.72-

6.53(m, 3H), 6.42(s, 1H), 4.56(t, 1H), 3.38-3.11(m, 8H), 2.21-2.13(m, 6H), 1.98-1.92(m, 2H), 1.78-

1.69(m, 6H), 1.58-1.45(m, 2H), 1.43-1.25(m, 4H), 0.97-0.82(t, 3H). 20 

[00162] 13C NMR (400 MHz, CD3OD): δ14.5, 17.4, 18.1, 19.0, 19.4, 22.4, 23.9, 26.9, 29.0, 50.8, 

52.7, 55.9, 79.3, 114.5, 121.7, 128.1, 128.9, 129.6, 131.8, 137.6, 144.9, 161.8, 172.3. 
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Example 2 

[00163] (2S)-1-Butyl-2-((2,6-dimethylphenyl)carbamoyl)-1-(4-(p-toluidino)butyl)piperidine 

bromide 

[00164] Step 1 5 

[00165] Levobupivacaine 1a (17.36 mmol, 1.0 eq, 5 g) was weighed and added with 1,4-

dibromobutane (2.0 eq of 1a, V/m, 10 ml). The mixture was stirred and heated to 100°C. The 

reaction progress was monitored to be completed using TLC. Column chromatography was 

performed on silica gel using an eluent system of CH2Cl2: MeOH=20:1. The eluate was collected 

and concentrated by rotary evaporation to yield an orange-yellow oily liquid, Compound 1b (4.5 g, 10 

59.13% yield, HPLC > 90%). ESI-MS m/z: 423.34[M]+, 425.34[M+2H]+. 

[00166] Step 2 

[00167] Compound 1b (1.14 mmol, 1 eq, 0.50 g) was weighed and dissolved in analytical-grade 

acetonitrile (10 eq of 1b, V/m, 5.0 ml) with stirring. Analytical-grade sodium bicarbonate (1 eq of 

1b, m/m, 0.50 g) and p-toluidine (1.34 mmol, 1.2 eq, 0.14 g) were added. The mixture was heated 15 

to 80°C for reaction, and the reaction progress was monitored to be completed using TLC. The 

reaction mixture was filtered and the filter cake was washed with acetonitrile (30 eq of 1b, V/m, 

15 ml, three times). The filtrate was collected and subjected to preparative separation to obtain a 

white solid, Compound 2 (0.11 g, 17.06% yield, HPLC > 98%). 

[00168] MS m/z (ESI)=450.34[M]+. 20 

[00169] 1H NMR (400MHz, CD3OD): δ12.29(s, 1H), 10.11(s, 1H), 7.16-6.99(m, 5H), 6.55-



-33- 

6.43(m, 3H), 4.58(t, 1H), 3.35-3.14(m, 8H), 2.36(s, 3H), 2.21-2.11(m, 6H), 1.97-1.91(m, 2H), 1.70-

1.61(m, 6H), 1.51-1.49(m, 2H), 1.41-1.21(m, 4H), 0.99-0.85(t, 3H). 

[00170] 13C NMR (400 MHz, CD3OD): δ 14.1, 17.6, 18.3, 19.0, 19.4,  21.0, 22.8,  23.7,  26.9, 

29.0, 50.9, 51.9, 56.2, 79.9, 113.3, 113.5, 121.7, 127.1, 128.0, 129.6, 129.8, 131.9, 137.8, 144.5, 

162.0, 172.5. 5 

Example 3 

[00171] (2S)-1-Butyl-2-((2,6-dimethylphenyl)carbamoyl)-1-(4-(p-

fluorophenylamino)butyl)piperidine bromide 

[00172] Step 1 10 

[00173] Levobupivacaine 1a (17.36 mmol, 1.0 eq, 5 g) was weighed and added with 1,4-

dibromobutane (2.0 eq of 1a, V/m, 10 ml). The mixture was stirred and heated to 100°C. The 

reaction progress was monitored to be completed using TLC. Column chromatography was 

performed on silica gel using an eluent system of CH2Cl2: MeOH=20:1. The eluate was collected 

and concentrated by rotary evaporation to yield an orange-yellow oily liquid, Compound 1b (4.5 g, 15 

59.13% yield, HPLC > 90%). ESI-MS m/z: 423.34[M]+, 425.34[M+2H]+. 

[00174] Step 2 

[00175] Compound 1b (1.14 mmol, 1 eq, 0.50 g) was weighed and dissolved in analytical-grade 

acetonitrile (10 eq of 1b, V/m, 5.0 ml) with stirring. Analytical-grade sodium bicarbonate (1 eq of 

1b, m/m, 0.50 g) and 4-fluoroaniline (1.34 mmol, 1.2 eq, 0.14 g) were added. The mixture was 20 

heated to 80°C for reaction and the reaction progress was monitored to be completed using TLC. 
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The reaction mixture was filtered and the filter cake was washed with acetonitrile (30 eq of 1b, 

V/m, 15 ml, three times). The filtrate was collected and subjected to preparative separation to obtain 

a yellow solid, Compound 3 (0.11 g, 16.96% yield, HPLC > 98%). 

[00176] MS m/z (ESI)=454.30[M]+. 

[00177] 1H NMR (400MHz, CD3OD): δ12.22(s, 1H), 10.09(s, 1H), 7.09-6.97(m, 7H), 6.43(s, 1H), 5 

4.51(t, 1H), 3.35-3.17(m, 8H), 2.33-2.10(m, 6H), 1.92-1.80(m, 2H), 1.71-1.62(m, 6H), 1.52-

1.45(m, 2H), 1.32-1.21(m, 4H), 0.97-0.82(t, 3H). 

[00178] 13C NMR (400 MHz, CD3OD): δ14.0, 17.5, 18.3, 19.0, 19.5, 22.3, 23.5, 26.5, 28.9, 50.9, 

52.2, 55.8, 79.6, 114.8, 116.7, 119.1, 126.9, 127.9, 131.0, 137.9, 144.0, 155.9, 162.8, 172.1. 

Example 4 10 

[00179] (2S)-1-Butyl-2-((2,6-dimethylphenyl)carbamoyl)-1-(4-(phenoxy)butyl)piperidine 

bromide 

[00180] Step 1 

[00181] Levobupivacaine 1a (17.36 mmol, 1.0 eq, 5 g) was weighed and added with 1,4-15 

dibromobutane (2.0 eq of 1a, V/m, 10 ml). The mixture was stirred and heated to 100°C. The 

reaction progress was monitored to be completed using TLC. Column chromatography was 

performed on silica gel using an eluent system of CH2Cl2: MeOH=20:1. The eluate was collected 

and concentrated by rotary evaporation to yield an orange-yellow oily liquid, Compound 1b (4.5 g, 

59.13% yield, HPLC > 90%). ESI-MS m/z: 423.34[M]+, 425.34[M+2H]+. 20 

[00182] Step 2 
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[00183] Compound 1b (1.14 mmol, 1 eq, 0.50 g) was weighed and dissolved in analytical-grade 

acetonitrile (10 eq of 1b, V/m, 5.0 ml) with stirring. Analytical-grade sodium bicarbonate (1 eq of 

1b, m/m, 0.50 g) and phenol (1.34 mmol, 1.2 eq, 0.14 g) were added. The mixture was heated to 

80°C for reaction and the reaction progress was monitored to be completed using TLC. The reaction 

mixture was filtered and the filter cake was washed with acetonitrile (30 eq of 1b, V/m, 15 ml, 5 

three times). The filtrate was collected and subjected to preparative separation to obtain a white 

solid, Compound 4 (0.12 g, 19.04% yield, HPLC > 98%). 

[00184] MS m/z=437.50[M]+. 

[00185] 1H NMR (400MHz, CD3OD): δ12.23(s, 1H), 10.02(s, 1H), 7.27-7.20(m, 2H), 7.12-

7.05(m, 3H), 6.98-6.93(m, 3H), 4.51-4.58(t, 1H), 4.07-4.01(t, 1H), 3.41-3.20(m, 6H), 2.25-2.10(m, 10 

6H), 1.97-1.90(m, 2H), 1.78-1.61(m, 8H), 1.46-1.31(m, 4H), 0.94-0.88(t, 3H). 

[00186] 13C NMR (400 MHz, CD3OD): δ13.9, 17.3, 17.9, 19.1, 19.5, 22.3, 23.4, 26.5, 28.6, 51.3, 

56.7, 56.9, 68.8, 79.9, 113.5, 114.3, 120.7, 126.9, 127.9, 129.9, 130.9, 137.3, 159.3, 161.6, 172.2. 

Example 5 

[00187] (2S)-1-Butyl-2-((2,6-dimethylphenyl)carbamoyl)-1-(4-(m-tolyloxy)butyl)piperidine 15 

bromide 

[00188] Step 1 

[00189] Levobupivacaine 1a (17.36 mmol, 1.0 eq, 5 g) was weighed and added with 1,4-

dibromobutane (2.0 eq of 1a, V/m, 10 ml). The mixture was stirred and heated to 100°C. The 20 

reaction progress was monitored to be completed using TLC. Column chromatography was 

performed on silica gel using an eluent system of CH2Cl2: MeOH=20:1. The eluate was collected 
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and concentrated by rotary evaporation to yield an orange-yellow oily liquid, Compound 1b (4.5 g, 

59.13% yield, HPLC > 90%). ESI-MS m/z: 423.34[M]+, 425.34[M+2H]+. 

[00190] Step 2 

[00191] Compound 1b (1.14 mmol, 1 eq, 0.50 g) was weighed and dissolved in analytical-grade 

acetonitrile (10 eq of 1b, V/m, 5.0 ml) with stirring. Analytical-grade sodium bicarbonate (1 eq of 5 

1b, m/m, 0.50 g) and 3-methylphenol (1.34 mmol, 1.2 eq, 0.14 g) were added. The mixture was 

heated to 80°C for reaction and the reaction progress was monitored to be completed using TLC. 

The reaction mixture was filtered and the filter cake was washed with acetonitrile (30 eq of 1b, 

V/m, 15 ml, three times). The filtrate was collected and subjected to preparative separation to obtain 

a white solid, Compound 5 (0.13 g, 20.17% yield, HPLC > 98%). 10 

[00192] MS m/z=451.60[M]+. 

[00193] 1H NMR (400MHz, CD3OD): δ12.22(s, 1H), 10.06(s, 1H), 7.18-7.15(t, 1H), 7.05(s, 3H), 

6.79-6.72(m, 3H), 4.56(t, 1H), 4.09-4.05(m, 2H), 3.39-3.12(m, 6H), 2.30(s, 3H), 2.28-2.06(m, 6H), 

1.96-1.91(m, 2H), 1.75-1.59(m, 8H), 1.45-1.23(m, 4H), 0.93(t, 3H). 

[00194] 13C NMR (400 MHz, CD3OD): δ13.9, 17.5, 17.9, 19.1, 19.6, 21.8, 22.5, 23.5, 26.4, 28.5, 15 

51.9, 56.9, 57.2, 68.9, 79.9, 111.3, 113.5, 113.9, 120.7, 126.9, 128.2, 129.5, 130.8,  137.9, 139.8, 

157.9, 161.8, 172.8. 

Example 6 

[00195] (2S)-1-(4-(2-amino-5-fluorophenoxy)butyl)-1-butyl-2-((2,6-

dimethylphenyl)carbamoyl)piperidine bromide 20 
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[00196] Step 1 

[00197] Levobupivacaine 1a (17.36 mmol, 1.0 eq, 5 g) was weighed and added with 1,4-

dibromobutane (2.0 eq of 1a, V/m, 10 ml). The mixture was stirred and heated to 100°C. The 

reaction progress was monitored to be completed using TLC. Column chromatography was 

performed on silica gel using an eluent system of CH2Cl2: MeOH=20:1. The eluate was collected 5 

and concentrated by rotary evaporation to yield an orange-yellow oily liquid, Compound 1b (4.5 g, 

59.13% yield, HPLC > 90%). ESI-MS m/z: 423.34[M]+, 425.34[M+2H]+. 

[00198] Step 2 

[00199] Compound 1b (1.14 mmol, 1 eq, 0.50 g) was weighed and dissolved in analytical-grade 

acetonitrile (10 eq of 1b, V/m, 5.0 ml) with stirring. Analytical-grade sodium bicarbonate (1 eq of 10 

1b, m/m, 0.50 g) and 2-amino-5-fluorophenol (1.34 mmol, 1.2 eq, 0.14 g) were added. The mixture 

was heated to 80°C for reaction and the reaction progress was monitored to be completed using 

TLC. The reaction mixture was filtered and the filter cake was washed with acetonitrile (30 eq of 

1b, V/m, 15 ml, three times). The filtrate was collected and subjected to preparative separation to 

obtain a yellow solid, Compound 6 (0.10 g, 15.79% yield, HPLC > 98%). 15 

[00200] MS m/z=470.36[M]+. 

[00201] 1H NMR (400MHz, CD3OD): δ12.25(s, 1H), 10.06(s, 1H), 10.03(s, 1H), 7.09(s, 3H), 

6.89-6.82(m, 1H), 6.79(s, 1H), 6.57-6.51(m, 1H), 6.49-6.42(m, 1H), 4.57(t, 1H), 3.38-3.16(m, 8H), 

2.25-2.08(m, 6H), 1.99-1.80(m, 2H), 1.74-1.56(m, 6H), 1.55-1.45(m, 2H), 1.45-1.19(m, 4H), 1.45-

1.23(m, 4H), 0.88(t, 3H). 20 

[00202] 13C NMR (400 MHz, CD3OD): δ14.2, 17.8, 18.5, 19.3, 19.6, 22.5, 23.3, 26.5, 28.8, 51.5, 

52.0, 56.8, 79.8, 104.9, 109.1, 113.8, 116.7, 126.8, 127.9, 130.9, 135.7, 137.3, 143.5, 161.6, 172.2. 

Example 7 

[00203] (2S)-1-Butyl-2-((2,6-dimethylphenyl)carbamoyl)-1-(5-(phenylamino)pentyl)piperidine 

bromide 25 
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[00204] Step 1 

[00205] Levobupivacaine 1a (17.36 mmol, 1.0 eq, 5 g) was weighed and added with 1,5-

dibromopentane (2.0 eq of levobupivacaine 1a, V/m, 10 ml). The mixture was stirred and heated 

to 100°C. The reaction progress was monitored to be completed using TLC. Column 5 

chromatography was performed on silica gel using an eluent system of CH2Cl2: MeOH=20:1. The 

eluate was collected and concentrated by rotary evaporation to yield an orange-yellow oily liquid, 

Compound 1c (4.5 g, 59.13% yield, HPLC > 90%). ESI-MS m/z: 437.30[M]+, 439.30[M+2H]+. 

[00206] Step 2 

[00207] Compound 1c (1.14 mmol, 1 eq, 0.50 g) was weighed and dissolved in analytical-grade 10 

acetonitrile (10 eq of 1c, V/m, 5.0 ml) with stirring. Analytical-grade sodium bicarbonate (1 eq of 

1c, m/m, 0.50 g) and aniline (1.34 mmol, 1.2 eq, 0.13 g) were added. The mixture was heated to 

80°C for reaction and the reaction progress was monitored to be completed using HPLC. The 

reaction mixture was filtered and the filter cake was washed with acetonitrile (30 eq of 1c, V/m, 15 

ml, three times). The filtrate was collected and subjected to preparative separation to obtain a white 15 

powdery solid, Compound 7 (0.12 g, 18.61% yield, HPLC > 98%). 

[00208] MS m/z=450.60[M]+. 

[00209] 1H NMR (400MHz, CD3OD): δ12.24(s, 1H), 10.04(s, 1H), 7.09-7.03(m, 5H), 6.68-

6.54(m, 3H), 6.45(s, 1H), 4.60(t, 1H), 3.40-3.05(m, 8H), 2.23-2.11(m, 6H), 1.96-1.90(m, 2H), 1.79-

1.56(m, 8H), 1.38-1.20(m, 6H), 0.91(t, 3H). 20 

[00210] 13C NMR (400 MHz, CD3OD): δ14.0, 17.8, 19.2, 19.5, 22.4, 23.3, 25.5, 25.7, 31.6, 44.1, 

51.8, 56.9, 56.7, 79.9, 113.5, 113.6, 121.0, 129.0, 128.7, 129.7, 130.9, 137.3, 145.2, 161.5, 172.2. 
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Example 8 

[00211] (2S)-1-Butyl-2-((2,6-dimethylphenyl)carbamoyl)-1-(5-

(methyl(phenyl)amino)pentyl)piperidine bromide 

[00212] Step 1 5 

[00213] Levobupivacaine 1a (17.36 mmol, 1.0 eq, 5 g) was weighed and added with 1,5-

dibromopentane (2.0 eq of levobupivacaine 1a, V/m, 10 ml). The mixture was stirred and heated 

to 100°C. The reaction progress was monitored to be completed using TLC. Column 

chromatography was performed on silica gel using an eluent system of CH2Cl2: MeOH=20:1. The 

eluate was collected and concentrated by rotary evaporation to yield an orange-yellow oily liquid, 10 

Compound 1c (4.5 g, 59.13% yield, HPLC > 90%). ESI-MS m/z: 437.30[M]+, 439.30[M+2H]+. 

[00214] Step 2 

[00215] Compound 1c (1.14 mmol, 1 eq, 0.50 g) was weighed and dissolved in analytical-grade 

acetonitrile (10 eq of 1c, V/m, 5.0 ml) with stirring. Analytical-grade sodium bicarbonate (1 eq of 

1c, m/m, 0.50 g) and N-methylaniline (1.34 mmol, 1.2 eq, 0.13 g) were added. The mixture was 15 

heated to 80°C for reaction and the reaction progress was monitored to be completed using HPLC. 

The reaction mixture was filtered and the filter cake was washed with acetonitrile (30 eq of 1c, 

V/m, 15 ml, three times). The filtrate was collected and subjected to preparative separation to obtain 

a white powdery solid, Compound 8 (0.11 g, 16.70% yield, HPLC > 98%). 

[00216] MS m/z=464.50[M]+. 20 

[00217] 1H NMR (400MHz, CD3OD): δ12.20(s, 1H), 10.01(s, 1H), 7.29-7.20(m, 2H), 7.09-
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7.01(m, 3H), 6.98-6.92(m, 2H), 6.86-6.80(m, 1H), 4.60-4.54(m, 1H), 3.39-3.10(m, 8H), 2.75(s, 

3H), 2.25-2.10(m, 6H), 1.93-1.88(m, 2H), 1.79-1.60(m, 6H), 1.58-1.45(m, 2H), 1.41-1.25(m, 6H), 

0.90(t, 3H). 

[00218] 13C NMR (400 MHz, CD3OD): δ13.8, 17.6, 19.0 , 19.3, 22.2, 23.1, 25.3, 25.8, 26.3, 29.0 , 

41.7, 51.8, 55.9, 56.5, 56.8, 79.7, 114.3, 121.9, 127.7, 129.6, 130.6, 137.1, 149.5, 172.0. 5 

Example 9 

[00219] (2S)-1-Butyl-2-((2,6-dimethylphenyl)carbamoyl)-1-(5-(p-toluylamino)pentyl)piperidine 

bromide 

[00220] Step 1 10 

[00221] Levobupivacaine 1a (17.36 mmol, 1.0 eq, 5 g) was weighed and added with 1,5-

dibromopentane (2.0 eq of levobupivacaine 1a, V/m, 10 ml). The mixture was stirred and heated 

to 100°C. The reaction progress was monitored to be completed using TLC. Column 

chromatography was performed on silica gel using an eluent system of CH2Cl2: MeOH=20:1. The 

eluate was collected and concentrated by rotary evaporation to yield an orange-yellow oily liquid, 15 

Compound 1c (4.5 g, 59.13% yield, HPLC > 90%). ESI-MS m/z: 437.30[M]+, 439.30[M+2H]+. 

[00222] Step 2 

[00223] Compound 1c (1.14 mmol, 1 eq, 0.50 g) was weighed and dissolved in analytical-grade 

acetonitrile (10 eq of 1c, V/m, 5.0 ml) with stirring. Analytical-grade sodium bicarbonate (1 eq of 

1c, m/m, 0.50 g) and p-toluidine (1.34 mmol, 1.2 eq, 0.13 g) were added. The mixture was heated 20 

to 80°C for reaction and the reaction progress was monitored to be completed using HPLC. The 

reaction mixture was filtered and the filter cake was washed with acetonitrile (30 eq of 1c, V/m, 15 
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ml, three times). The filtrate was collected and subjected to preparative separation to obtain a white 

powdery solid, Compound 9 (0.13 g, 19.73% yield, HPLC > 98%). 

[00224] MS m/z=464.70[M]+. 

[00225] 1H NMR (400MHz, CD3OD): δ12.26(s, 1H), 10.03(s, 1H), 7.10-7.01(m, 5H), 6.49-

6.43(m, 3H), 4.60-4.56(s, 1H), 3.30-3.05(m, 8H), 2.33(s, 3H), 2.20-2.11(m, 6H), 1.98-1.90(m, 2H), 5 

1.79-1.53(m, 8H), 1.42-1.16(m, 6H), 0.94-0.83(m, 3H). 

[00226] 13C NMR (400 MHz, CD3OD): δ13.8, 17.6, 19.5, 19.8, 22.0, 22.6, 23.5, 25.5, 25.7, 26.5, 

31.6, 43.9, 51.7, 56.8, 56.9, 79.8, 113.8, 114.9, 126.9, 127.8, 129.7, 129.9, 130.5, 137.6, 172.5. 

Example 10 

[00227] (2S)-1-Butyl-2-((2,6-dimethylphenyl)carbamoyl)-1-(5-(p-10 

fluorophenylamino)pentyl)piperidine bromide 

[00228] Step 1 

[00229] Levobupivacaine 1a (17.36 mmol, 1.0 eq, 5 g) was weighed and added with 1,5-

dibromopentane (2.0 eq of levobupivacaine 1a, V/m, 10 ml). The mixture was stirred and heated 15 

to 100°C. The reaction progress was monitored to be completed using TLC. Column 

chromatography was performed on silica gel using an eluent system of CH2Cl2: MeOH=20:1. The 

eluate was collected and concentrated by rotary evaporation to yield an orange-yellow oily liquid, 

Compound 1c (4.5 g, 59.13% yield, HPLC > 90%). ESI-MS m/z: 437.30[M]+, 439.30[M+2H]+. 

[00230] Step 2 20 

[00231] Compound 1c (1.14 mmol, 1 eq, 0.50 g) was weighed and dissolved in analytical-grade 
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acetonitrile (10 eq of 1c, V/m, 5.0 ml) with stirring. Analytical-grade sodium bicarbonate (1 eq of 

1c, m/m, 0.50 g) and p-fluoroaniline (1.34 mmol, 1.2 eq, 0.13 g) were added. The mixture was 

heated to 80°C for reaction and the reaction progress was monitored to be completed using HPLC. 

The reaction mixture was filtered and the filter cake was washed with acetonitrile (30 eq of 1c, 

V/m, 15 ml, three times). The filtrate was collected and subjected to preparative separation to obtain 5 

a yellow powdery solid, Compound 10 (0.13 g, 19.61% yield, HPLC > 98%). 

[00232] MS m/z=468.50[M]+. 

[00233] 1H NMR (400MHz, CD3OD): δ12.26(s, 1H), 10.09(s, 1H), 7.12-6.97(m, 5H), 6.72-

6.53(m, 3H), 6.42(s, 1H), 4.56(t, 1H), 3.38-3.11(m, 8H), 2.21-2.13(m, 6H), 1.98-1.92(m, 2H), 1.78-

1.69(m, 6H), 1.58-1.45(m, 2H), 1.43-1.25(m, 4H), 0.97-0.82(t, 3H). 10 

[00234] 13C NMR (400 MHz, CD3OD): δ14.5, 17.4, 18.1, 19.0, 19.4, 22.4, 23.9, 26.9, 29.0, 50.8, 

52.7, 55.9, 79.3, 114.5, 121.7, 128.1, 128.9, 129.6, 131.8, 137.6, 144.9, 161.8, 172.3. 

Example 11 

[00235] (2S)-1-Butyl-1-(5-(5,6-dihydroimidazo[1,2-a]pyrazin-7(8H)-yl)pentyl)-2-((2,6-

dimethylphenyl)carbamoyl)piperidine bromide 15 

[00236] Step 1 

[00237] Levobupivacaine 1a (17.36 mmol, 1.0 eq, 5 g) was weighed and added with 1,5-

dibromopentane (2.0 eq of levobupivacaine 1a, V/m, 10 ml). The mixture was stirred and heated 

to 100°C. The reaction progress was monitored to be completed using TLC. Column 20 

chromatography was performed on silica gel using an eluent system of CH2Cl2: MeOH=20:1. The 

eluate was collected and concentrated by rotary evaporation to yield an orange-yellow oily liquid, 
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Compound 1c (4.5 g, 59.13% yield, HPLC > 90%). ESI-MS m/z: 437.30[M]+, 439.30[M+2H]+. 

[00238] Step 2 

[00239] Compound 1c (1.14 mmol, 1 eq, 0.50 g) was weighed and dissolved in analytical-grade 

acetonitrile (10 eq of 1c, V/m, 5.0 ml) with stirring. Analytical-grade sodium bicarbonate (1 eq of 

1c, m/m, 0.50 g) and 5,6,7,8-tetrahydroimidazol[1,2-a]pyrazine (1.34 mmol, 1.2 eq, 0.13 g) were 5 

added. The mixture was heated to 80°C for reaction and the reaction progress was monitored to be 

completed using HPLC. The reaction mixture was filtered and the filter cake was washed with 

acetonitrile (30 eq of 1c, V/m, 15 ml, three times). The filtrate was collected and subjected to 

preparative separation to obtain a yellow powdery solid, Compound 11 (0.12 g, 21.40% yield, 

HPLC > 98%). 10 

[00240] MS m/z=480.55[M]+. 

[00241] 1H NMR (400MHz, CD3OD): δ12.20(s, 1H), 10.01(s, 1H), 7.08-7.02(m, 3H), 6.93-

6.90(m, 1H), 6.76-6.72(m, 1H), 4.59(t, 1H), 4.10(t, 2H), 3.63(s, 1H), 3.39-3.10(m, 6H), 2.85(t, 2H), 

2.49(t, 2H), 2.25-2.13(m, 6H), 1.99-1.88(m, 2H), 1.78-1.60(m, 6H), 1.43-1.17(m, 8H), 0.90(t, 3H). 

[00242] 13C NMR (400 MHz, CD3OD): δ13.1, 17.9, 19.5, 19.6, 22.5, 23.6, 25.4, 25.6, 26.3, 28.3, 15 

39.4, 56.7, 56.7, 56.9, 57.1, 57.3, 79.9, 118.6, 126.4, 126.9, 127.8, 130.9, 137.3, 152.9, 172.5. 

Example 12 

[00243] (2S)-1-Butyl-2-((2,6-dimethylphenyl)carbamoyl)-1-(5-(1-methyl-3,4-

dihydropyrrolo[1,2-a]pyrazin-2(1H)-yl)pentyl)piperidine bromide 

20 

[00244] Step 1 
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[00245] Levobupivacaine 1a (17.36 mmol, 1.0 eq, 5 g) was weighed and added with 1,5-

dibromopentane (2.0 eq of levobupivacaine 1a, V/m, 10 ml). The mixture was stirred and heated 

to 100°C. The reaction progress was monitored to be completed using TLC. Column 

chromatography was performed on silica gel using an eluent system of CH2Cl2: MeOH=20:1. The 

eluate was collected and concentrated by rotary evaporation to yield an orange-yellow oily liquid, 5 

Compound 1c (4.5 g, 59.13% yield, HPLC > 90%). ESI-MS m/z: 437.30[M]+, 439.30[M+2H]+. 

[00246] Step 2 

[00247] Compound 1c (1.14 mmol, 1 eq, 0.50 g) was weighed and dissolved in analytical-grade 

acetonitrile (10 eq of 1c, V/m, 5.0 ml) with stirring. Analytical-grade sodium bicarbonate (1 eq of 

1c, m/m, 0.50 g) and 1-methyl-1,2,3,4-tetrahydropyrrolo[1,2-a] pyrazine (1.34 mmol, 1.2 eq, 0.13 10 

g) were added. The mixture was heated to 80°C for reaction and the reaction progress was 

monitored to be completed using HPLC. The reaction mixture was filtered and the filter cake was 

washed with acetonitrile (30 eq of 1c, V/m, 15 ml, three times). The filtrate was collected and 

subjected to preparative separation to obtain a yellow powdery solid, Compound 12 (0.11 g, 20.88% 

yield, HPLC > 98%). 15 

[00248] MS m/z=493.48[M]+. 

[00249] 1H NMR (400MHz, CD3OD): δ12.23(s, 1H), 10.06(s, 1H), 7.09-7.01(m, 4H), 5.98-

6.03(m, 1H), 5.76-5.70(m, 1H), 4.59(t, 1H), 4.06-3.93(m, 3H), 3.35-3.19(m, 6H), 2.75-2.53(m, 

2H), 2.46-2.39(m, 2H), 2.25-2.07(m, 6H), 1.97-1.90(m, 2H), 1.82-1.59(m, 6H), 1.47-1.16(m, 11H), 

0.92-0.86(m, 3H). 20 

[00250] 13C NMR (400 MHz, CD3OD): δ13.9, 17.6, 18.6, 19.4, 19.7, 22.6, 23.4, 25.4, 25.7, 26.7, 

28.6, 43.4, 51.7, 54.1, 54.9, 56.7, 56.9, 63.7, 79.4, 108.4, 108.6, 122.8, 126.6, 127.2, 130.4, 132.8, 

137.4, 172.9. 

Example 13 

[00251] (2S)-1-Butyl-2-((2,6-dimethylphenyl)carbamoyl)-1-(5-(1-phenyl-3,4-25 

dihydropyrrolo[1,2-a]pyrazin-2(1H)-yl)pentyl)piperidine bromide 



-45- 

[00252] Step 1 

[00253] Levobupivacaine 1a (17.36 mmol, 1.0 eq, 5 g) was weighed and added with 1,5-

dibromopentane (2.0 eq of levobupivacaine 1a, V/m, 10 ml). The mixture was stirred and heated 

to 100°C. The reaction progress was monitored to be completed using TLC. Column 5 

chromatography was performed on silica gel using an eluent system of CH2Cl2: MeOH=20:1. The 

eluate was collected and concentrated by rotary evaporation to yield an orange-yellow oily liquid, 

Compound 1c (4.5 g, 59.13% yield, HPLC > 90%). ESI-MS m/z: 437.30[M]+, 439.30[M+2H]+. 

[00254] Step 2 

[00255] Compound 1c (1.14 mmol, 1 eq, 0.50 g) was weighed and dissolved in analytical-grade 10 

acetonitrile (10 eq of 1c, V/m, 5.0 ml) with stirring. Analytical-grade sodium bicarbonate (1 eq of 

1c, m/m, 0.50 g) and 1-phenyl-1,2,3,4-tetrahydropyrrolo[1, 2-a]pyrazine (1.34 mmol, 1.2 eq, 0.13 

g) were added. The mixture was heated to 80°C for reaction and the reaction progress was 

monitored to be completed using HPLC. The reaction mixture was filtered and the filter cake was 

washed with acetonitrile (30 eq of 1c, V/m, 15 ml, three times). The filtrate was collected and 15 

subjected to preparative separation to obtain a yellow powdery solid, Compound 13 (0.14 g, 21.98% 

yield, HPLC > 98%). 

[00256] MS m/z=555.70[M]+. 

[00257] 1H NMR (400MHz, CD3OD): δ12.30(s, 1H), 10.13(s, 1H), 7.45-7.18(m, 5H), 7.01-

7.09(m, 4H), 5.98-6.02(m, 1H), 5.74-5.71(m, 1H), 5.19(s, 1H), 4.62-4.47(m, 1H), 3.99-3.96(m, 20 

2H), 3.38-3.10(m, 6H), 2.74-2.61(m, 2H), 2.48-2.41(m, 2H), 2.25-2.08(m, 6H), 1.99-1.90(m, 2H), 

1.77-1.59(m, 6H), 1.45-1.13(m, 8H), 0.96-0.87(m, 3H). 
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[00258] 13C NMR (400 MHz, CD3OD): δ13.7, 17.1, 19.4, 19.4, 22.9, 23.4, 25.7, 26.4, 28.4, 43.7, 

51.7, 51.7, 53.1, 54.7, 56.4, 56.7, 71.6, 79.0, 107.9, 108.6, 119.4, 122.7, 126.6, 127.0, 127.4, 128.1, 

130.5, 134.9, 137.5, 138.4, 173.2. 

Example 14 

[00259] (2S)-1-Butyl-2-((2,6-dimethylphenyl)carbamoyl)-1-(5-(phenoxy)pentyl)piperidine 5 

bromide 

[00260] Step 1 

[00261] Levobupivacaine 1a (17.36 mmol, 1.0 eq, 5 g) was weighed and added with 1,5-

dibromopentane (2.0 eq of levobupivacaine 1a, V/m, 10 ml). The mixture was stirred and heated 10 

to 100°C. The reaction progress was monitored to be completed using TLC. Column 

chromatography was performed on silica gel using an eluent system of CH2Cl2: MeOH=20:1. The 

eluate was collected and concentrated by rotary evaporation to yield an orange-yellow oily liquid, 

Compound 1c (4.5 g, 59.13% yield, HPLC > 90%). ESI-MS m/z: 437.30[M]+, 439.30[M+2H]+. 

[00262] Step 2 15 

[00263] Compound 1c (1.14 mmol, 1 eq, 0.50 g) was weighed and dissolved in analytical-grade 

acetonitrile (10 eq of 1c, V/m, 5.0 ml) with stirring. Analytical-grade sodium bicarbonate (1 eq of 

1c, m/m, 0.50 g) and phenol (1.34 mmol, 1.2 eq, 0.13 g) were added. The mixture was heated to 

80°C for reaction and the reaction progress was monitored to be completed using HPLC. The 

reaction mixture was filtered and the filter cake was washed with acetonitrile (30 eq of 1c, V/m, 15 20 

ml, three times). The filtrate was collected and subjected to preparative separation to obtain a white 

powdery solid, Compound 14 (0.13 g, 20.17% yield, HPLC > 98%). 
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[00264] MS m/z=451.50[M]+. 

[00265] 1H NMR (400MHz, CD3OD): δ12.26(s, 1H), 10.09(s, 1H), 7.12-6.97(m, 5H), 6.72-

6.53(m, 3H), 6.42(s, 1H), 4.56(t, 1H), 3.38-3.11(m, 8H), 2.21-2.13(m, 6H), 1.98-1.92(m, 2H), 1.78-

1.69(m, 6H), 1.58-1.45(m, 2H), 1.43-1.25(m, 4H), 0.97-0.82(t, 3H). 

Example 15 5 

[00266] (2S)-1-Butyl-2-((2,6-dimethylphenyl)carbamoyl)-1-(5-(m-tolyloxy)pentyl)piperidine 

bromide 

[00267] Step 1 

[00268] Levobupivacaine 1a (17.36 mmol, 1.0 eq, 5 g) was weighed and added with 1,5-10 

dibromopentane (2.0 eq of levobupivacaine 1a, V/m, 10 ml). The mixture was stirred and heated 

to 100°C. The reaction progress was monitored to be completed using TLC. Column 

chromatography was performed on silica gel using an eluent system of CH2Cl2: MeOH=20:1. The 

eluate was collected and concentrated by rotary evaporation to yield an orange-yellow oily liquid, 

Compound 1c (4.5 g, 59.13% yield, HPLC > 90%). ESI-MS m/z: 437.30[M]+, 439.30[M+2H]+. 15 

[00269] Step 2 

[00270] Compound 1c (1.14 mmol, 1 eq, 0.50 g) was weighed and dissolved in analytical-grade 

acetonitrile (10 eq of 1c, V/m, 5.0 ml) with stirring. Analytical-grade sodium bicarbonate (1 eq of 

1c, m/m, 0.50 g) and 3-methylphenol (1.34 mmol, 1.2 eq, 0.13 g) were added. The mixture was 

heated to 80°C for reaction and the reaction progress was monitored to be completed using HPLC. 20 

The reaction mixture was filtered and the filter cake was washed with acetonitrile (30 eq of 1c, 

V/m, 15 ml, three times). The filtrate was collected and subjected to preparative separation to obtain 
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a white powdery solid, Compound 15 (0.12 g, 18.22% yield, HPLC > 98%). 

[00271] MS m/z=465.80[M]+. 

[00272] 1H NMR (400MHz, CD3OD): δ12.26(s, 1H), 10.09(s, 1H), 7.12-6.97(m, 5H), 6.72-

6.53(m, 3H), 6.42(s, 1H), 4.56(t, 1H), 3.38-3.11(m, 8H), 2.21-2.13(m, 6H), 1.98-1.92(m, 2H), 1.78-

1.69(m, 6H), 1.58-1.45(m, 2H), 1.43-1.25(m, 4H), 0.97-0.82(t, 3H). 5 

[00273] 13C NMR (400 MHz, CD3OD): δ14.5, 17.4, 18.1, 19.0, 19.4, 22.4, 23.9, 26.9, 29.0, 50.8, 

52.7, 55.9, 79.3, 114.5, 121.7, 128.1, 128.9, 129.6, 131.8, 137.6, 144.9, 161.8, 172.3. 

Example 16 

[00274] (2S)-1-(5-(2-amino-5-fluorophenoxy)pentyl)-1-butyl-2-((2,6-

dimethylphenyl)carbamoyl)piperidine bromide 10 

[00275] Step 1 

[00276] Levobupivacaine 1a (17.36 mmol, 1.0 eq, 5 g) was weighed and added with 1,5-

dibromopentane (2.0 eq of levobupivacaine 1a, V/m, 10 ml) was added. The mixture was stirred 

and heated to 100°C. The reaction progress was monitored to be completed using TLC. Column 15 

chromatography was performed on silica gel using an eluent system of CH2Cl2: MeOH=20:1. The 

eluate was collected and concentrated by rotary evaporation to yield an orange-yellow oily liquid, 

Compound 1c (4.5 g, 59.13% yield, HPLC > 90%). ESI-MS m/z: 437.30[M]+, 439.30[M+2H]+. 

[00277] Step 2 

[00278] Compound 1c (1.14 mmol, 1 eq, 0.50 g) was weighed and dissolved in analytical-grade 20 

acetonitrile (10 eq of 1c, V/m, 5.0 ml) with stirring. Analytical-grade sodium bicarbonate (1 eq of 

1c, m/m, 0.50 g) and 2-amino-5-fluorophenol (1.34 mmol, 1.2 eq, 0.13 g) were added. The mixture 
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was heated to 80°C for reaction and the reaction progress was monitored to be completed using 

HPLC. The reaction mixture was filtered and the filter cake was washed with acetonitrile (30 eq of 

1c, V/m, 15 ml, three times). The filtrate was collected and subjected to preparative separation to 

obtain a yellow powdery solid, Compound 16 (0.12 g, 17.71% yield, HPLC > 98%). 

[00279] MS m/z=484.56[M]+. 5 

[00280] 1H NMR (400MHz, CD3OD): δ12.26(s, 1H), 10.09(s, 1H), 7.12-6.97(m, 5H), 6.72-

6.53(m, 3H), 6.42(s, 1H), 4.56(t, 1H), 3.38-3.11(m, 8H), 2.21-2.13(m, 6H), 1.98-1.92(m, 2H), 1.78-

1.69(m, 6H), 1.58-1.45(m, 2H), 1.43-1.25(m, 4H), 0.97-0.82(t, 3H). 

[00281] 13C NMR (400 MHz, CD3OD): δ14.5, 17.4, 18.1, 19.0, 19.4, 22.4, 23.9, 26.9, 29.0, 50.8, 

52.7, 55.9, 79.3, 114.5, 121.7, 128.1, 128.9, 129.6, 131.8, 137.6, 144.9, 161.8, 172.3. 10 

Example 17 

[00282] (2S)-1-Butyl-2-((2,6-dimethylphenyl)carbamoyl)-1-(5-((4-

(trifluoromethyl)phenyl)amino)pentyl)piperidine bromide 

[00283] Compound 1c (1.14 mmol, 1 eq, 0.50 g) was weighed and dissolved in analytical-grade 15 

acetonitrile (10 eq of 1c, V/m, 5.0 ml) with stirring. Analytical-grade sodium bicarbonate (1 eq of 

1c, m/m, 0.50 g) and 4-trifluoromethylaniline (1.34 mmol, 1.2 eq, 0.14 g) were added. The mixture 

was heated to 80°C for reaction and the reaction progress was monitored to be completed using 

HPLC. The reaction mixture was filtered and the filter cake was washed with acetonitrile (30 eq of 

1c, V/m, 15 ml, three times). The filtrate was collected and subjected to preparative separation to 20 

obtain a white powdery solid, Compound 17 (0.18 g, 26.47% yield, HPLC > 98%). 

[00284] MS m/z=518.41[M]+. 
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[00285] 1H NMR (400MHz, CD3OD): δ12.21(s, 1H), 11.92(s, 1H), 10.06(s, 1H), 7.23-7.15(m, 

2H), 7.03-6.93(m, 2H), 6.88-6.78(m, 3H), 4.63-4.56(t, 1H), 4.19-4.04(t, 1H), 3.41-3.27(m, 8H), 

2.35-2.19(m, 6H), 1.96-1.88(m, 2H), 1.76-1.59(m, 8H), 1.45-1.33(m, 4H), 0.96-0.87(t, 3H). 

[00286] 13C NMR (400 MHz, CD3OD): δ14.2, 16.7, 17.6, 18.3, 19.6, 22.4, 23.8, 26.2, 28.5, 43.1, 

51.9, 56.4, 56.3, 68.4, 79.7, 113.2, 114.7, 120.1, 124.1, 126.7, 127.1, 129.5, 130.6, 137.3, 159.1, 5 

161.8, 172.7. 

Example 18 

[00287] (2S)-1-Butyl-2-((2,6-dimethylphenyl)carbamoyl)-1-(5-(((4-fluorophenyl)amino)-3-

methylpentyl)piperidine bromide 

10 

[00288] Step 1 

[00289] Levobupivacaine 1a (17.36 mmol, 1.0 eq, 5 g) was weighed and added with 1,5-dibromo-

3-methylpentane (2.0 eq of levobupivacaine 1a, V/m, 10 ml). The mixture was stirred and heated 

to 100°C. The reaction progress was monitored to be completed using TLC. Column 

chromatography was performed on silica gel using an eluent system of CH2Cl2: MeOH=20:1. The 15 

eluate was collected and concentrated by rotary evaporation to yield an orange-yellow oily liquid, 

Compound 2d (4.3 g, 46.74% yield, HPLC > 90%). ESI-MS m/z: 451.33[M]+, 453.33[M+2H]+. 

[00290] Step 2 

[00291] Compound 2d (0.94 mmol, 1 eq, 0.50 g) was weighed and dissolved in analytical-grade 

acetonitrile (10 eq of 2d, V/m, 5.0 ml) with stirring. Analytical-grade sodium bicarbonate (1 eq of 20 

2d, m/m, 0.50 g) and 4-fluoroaniline (1.13 mmol, 1.2 eq, 0.13 g) were added. The mixture was 

heated to 80°C for reaction and the reaction progress was monitored to be completed using HPLC. 
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The reaction mixture was filtered and the filter cake was washed with acetonitrile (30 eq of 2d, 

V/m, 15 ml, three times). The filtrate was collected and subjected to preparative separation to obtain 

a white powdery solid, Compound 18 (0.19 g, 36.05% yield, HPLC > 98%). 

[00292] MS m/z=482.41[M]+. 

[00293] 1H NMR (400MHz, CD3OD): δ12.16(s, 1H), 11.75(s, 1H), 10.05(s, 1H), 7.21-7.18(m, 5 

2H), 7.04-6.94(m, 2H), 6.91-6.82(m, 3H), 4.68-4.59(t, 1H), 4.16-4.09(t, 1H), 3.46-3.29(m, 8H), 

2.39-2.28(m, 6H), 1.96-1.90(m, 2H), 1.74-1.58(m, 8H), 1.43-1.29(m, 3H), 0.93-0.80(m, 6H). 

[00294] 13C NMR (400 MHz, CD3OD): δ14,1, 16.6, 17.5, 18.3, 19.7, 20.6, 22.4, 23.8, 26.1, 28.6, 

43.4, 52.1, 56.8, 57.3, 69.1, 78.2, 113.1, 113.5, 121.1, 126.3, 127.2, 129.8, 130.6, 136.1, 158.1, 

161.8, 172.7. 10 

Example 19 

[00295] (2S)-1-Butyl-2-((2,6-dimethylphenyl)carbamoyl)-1-(4-(symmetrical 

trimethylamino)butyl)piperidine bromide 

[00296] Compound 1b (1.14 mmol, 1 eq, 0.50 g) was weighed and dissolved in analytical-grade 15 

acetonitrile (10 eq of 1b, V/m, 5.0 ml) with stirring. Analytical-grade sodium bicarbonate (1 eq of 

1b, m/m, 0.50 g) and 2,4,6-trimethylaniline (1.34 mmol, 1.2 eq, 0.18 g) were added. The mixture 

was heated to 80°C for reaction and the reaction progress was monitored to be completed using 

TLC. The reaction mixture was filtered and the filter cake was washed with acetonitrile (30 eq of 

1b, V/m, 15 ml, three times). The filtrate was collected and subjected to preparative separation to 20 

obtain a white solid, Compound 19 (0.16 g, 24.75% yield, HPLC > 98%). 
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[00297] MS m/z (ESI)=478.48[M]+. 

[00298] 1H NMR (400MHz, CD3OD): δ12.23(s, 1H), 10.11(s, 1H), 7.20-7.12(m, 2H), 6.92-

6.86(m, 4H), 4.55-4.49(t, 1H), 4.15-4.03(t, 1H), 3.38-3.21(m, 6H), 2.22-2.13(m, 6H), 1.99-1.91(m, 

2H), 1.79-1.60(m, 8H), 1.43-1.30(m, 4H), 0.99-0.80(t, 12H). 

[00299] 13C NMR (400 MHz, CD3OD): δ13.7, 17.6, 17.9, 18.3, 18.6, 19.1, 19.6, 21.9, 23.1, 23.4, 5 

26.6, 28.9, 51.4, 56.3, 56.8, 68.6, 79.9, 113.4, 114.3, 120.2, 126.7, 127.6, 129.5, 130.3, 137.9, 158.6, 

161.3, 172.7. 

Example 20 

[00300] (2S)-1-Butyl-1-(4-((4-chlorophenyl)amino)butyl)-2-((2,6-

dimethylphenyl)carbamoyl)piperidine bromide 10 

BrH
N

O

N
Br

H
N

O

N
H2N

NH

201b

Br Cl

Cl
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N

O

N NH
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[00301] Compound 1b (1.14 mmol, 1 eq, 0.50 g) was weighed and dissolved in analytical-grade 

acetonitrile (10 eq of 1b, V/m, 5.0 ml) with stirring. Analytical-grade sodium bicarbonate (1 eq of 

1b, m/m, 0.50 g) and 4-chloroaniline (1.34 mmol, 1.2 eq, 0.17g) were added. The mixture was 

heated to 80°C for reaction and the reaction progress was monitored to be completed using TLC. 15 

The reaction mixture was filtered and the filter cake was washed with acetonitrile (30 eq of 1b, 

V/m, 15 ml, three times). The filtrate was collected and subjected to preparative separation to obtain 

a white solid, Compound 20 (0.10 g, 16% yield, HPLC > 98%). 

[00302] MS m/z (ESI)=470.39[M]+. 

[00303] 1H NMR (400MHz, CD3OD): δ12.01(s, 1H), 10.19(s, 1H), 7.29-7.21(m, 2H), 7.16-20 

7.07(m, 2H), 6.99-6.92(m, 3H), 6.43(s, 1H), 4.55-4.50(t, 1H), 4.06-4.00(t, 1H), 3.40-3.23(m, 6H), 
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2.27-2.13(m, 6H), 1.98-1.90(m, 2H), 1.79-1.63(m, 8H), 1.44-1.32(m, 4H), 0.96-0.89(t, 3H). 

[00304] 13C NMR (400 MHz, CD3OD): δ13.5, 17.6, 17.7, 19.3, 19.2, 22.6, 23.9, 26.3, 29.4, 51.3, 

56.7, 57.9, 66.8, 78.9, 113.7, 114.3, 120.6, 126.4, 127.3, 129.7, 130.9, 136.3, 158.3, 160.4, 170.5. 

Example 21 

[00305] (2S)-1-Butyl-1-(4-((3,4-difluorophenyl)amino)butyl)-2-((2,6-5 

dimethylphenyl)carbamoyl)piperidine bromide 

[00306] Compound 1b (1.14 mmol, 1 eq, 0.50 g) was weighed and dissolved in analytical-grade 

acetonitrile (10 eq of 1b, V/m, 5.0 ml) with stirring. Analytical-grade sodium bicarbonate (1 eq of 

1b, m/m, 0.50 g) and 3,4-difluoroaniline (1.34 mmol, 1.2 eq, 0.17 g) were added. The mixture was 10 

heated to 80°C for reaction and the reaction progress was monitored to be completed using TLC. 

The reaction mixture was filtered and the filter cake was washed with acetonitrile (30 eq of 1b, 

V/m, 15 ml, three times). The filtrate was collected and subjected to preparative separation to obtain 

a white solid, Compound 21 (0.13 g, 21.18% yield, HPLC > 98%). 

[00307] MS m/z (ESI)=472.31[M]+. 15 

[00308] 1H NMR (400MHz, CD3OD): δ12.09(s, 1H), 10.33(s, 1H), 7.28-7.20(m, 2H), 7.15-

7.09(m, 1H), 6.98-6.90(m, 3H), 6.42(s, 1H), 4.51-4.45(t, 1H), 4.31-4.26(t, 1H), 3.43-3.26(m, 6H), 

2.28-2.16(m, 6H), 1.96-1.91(m, 2H), 1.79-1.60(m, 8H), 1.43-1.30(m, 4H), 0.95-0.87(t, 3H). 

[00309] 13C NMR (400 MHz, CD3OD): δ13.4, 15.9, 16.3, 18.9, 19.5, 23.6, 25.9, 27.3, 28.7, 51.3, 

56.8, 57.4, 66.3, 78.7, 113.6, 114.6, 122.8, 124.4, 125.3, 129.6, 130.9, 136.3, 158.3, 160.4, 170.5. 20 

Example 22 
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[00310] (2S)-1-Butyl-2-((4-fluorophenyl)carbamoyl)-1-(4-(m-tolyloxy)butyl)piperidine bromide 

[00311] Step 1 

[00312] (L)-2-Piperidinic acid 1d (7.75 mmol, 1 eq, 1 g) was weighed and dissolved in an HCl 

ethanol solution (20 eq of 1d, V/m, 20 ml) with stirring. The mixture was heated to 30°C and stirred 5 

for 2 h. The solvent was then removed by spinning to yield 1.28 g of white solid 1e. 

[00313] Step 2 

[00314] 1.28 g of white solid 1e was weighed, and dichlorothionyl (10 eq of 1e, V/m, 10 ml) was 

added and stirred. Then, 5 drops of DMF solution were added. Once the white solid was completely 

dissolved, the reaction was heated to 40°C and stirred for 3.5 h. The solvent was then removed by 10 

spinning to yield 1.41 g of brown solid 1f. 

[00315] Step 3 

[00316] 4-Fluoroaniline (15.5 mmol, 2 eq, 2.09 g) was dissolved in 10 ml of toluene. 1f (7.75 

mmol, 1 eq, 1.41 g) was weighed and dissolved in toluene (10 eq of 1f, V/m, 20.0 ml) with stirring. 
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The toluene solution of 4-fluoroaniline was added dropwise over 5 min. The reaction progress was 

monitored to be completed by TLC. The reaction solution was extracted with 50 ml of saturated 

sodium bicarbonate solution, and the pH was adjusted to 10. The organic phase was collected and 

concentrated by rotary evaporation. Column chromatography was performed on silica gel using an 

eluent system of CH2Cl2: MeOH=20:1. The eluate was collected and concentrated by rotary 5 

evaporation to yield a yellow-brown solid, 1g (0.83 g, 43.73% yield, HPLC > 98%). ESI-MS m/z: 

223.13[M+1]+. 

[00317] Step 4 

[00318] 1g (3.73 mmol, 1 eq, 0.83 g) was weighed and dissolved in analytical-grade acetonitrile 

(10 eq of 1g, V/m, 8.0 ml) with stirring. Analytical-grade potassium carbonate (4.48 mmol, 1.2 eq, 10 

0.57 g) and bromobutane (4.48 mmol, 1.2 eq, 0.61 g) were added. The mixture was heated to 80°C 

for reaction and the reaction progress was monitored to be completed using TLC. The reaction 

mixture was filtered and the filter cake was washed with 15 ml of acetonitrile for three times. The 

filtrate was collected and concentrated by rotary evaporation to yield a yellow-brown solid, 1h 

(0.94 g, 90.6% yield, HPLC > 98%). ESI-MS m/z: 279.3[M+1]+. 15 

[00319] Step 5 

[00320] 0.94 g of yellow-brown solid 1h was dissolved in 1,4-dibromobutane (20 eq of 1h, V/m, 

3 ml). The mixture was heated to 100°C, and the reaction progress was monitored to be completed 

using TLC. Column chromatography was performed on silica gel using an eluent system of CH2Cl2: 

MeOH=20:1. The eluate was collected and concentrated by rotary evaporation to yield a yellow-20 

brown solid, 1i (450 mg, 13.25% yield, HPLC > 98%). MS m/z=413.3[M]+, 415.3[M+2]+. 

[00321] Step 6 

[00322] 1i (0.37 mmol, 1 eq, 0.15 g) was weighed and dissolved in analytical-grade acetonitrile 

(10 eq of 1i, V/m, 5.0 ml) with stirring. Analytical-grade potassium carbonate (0.44 mmol, 1.2 eq, 

0.06 g) and 4-fluoroaniline (0.74 mmol, 2 eq, 0.07 g) were added. The mixture was heated to 80°C 25 

for reaction and the reaction progress was monitored to be completed using TLC. The reaction 

mixture was filtered and the filter cake was washed with acetonitrile (30 eq of 1i, V/m, 10 ml, three 

times). The filtrate was collected and subjected to preparative separation to obtain a white solid, 

Compound 22 (16.06 mg, 9.33% yield, HPLC > 98%). 
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[00323] MS m/z=444.36[M]+. 

[00324] 1H NMR (400MHz, CD3OD): δ9.97(s, 1H), 7.60(d, 2H), 7.17-7.15(m, 3H), 6.78(s, 3H), 

4.06(t, 2H), 2.34-2.28(m, 9H), 1.75-1.74(m, 4H), 1.36-1.30(m, 10H), 0.89(t, 3H). 

[00325] 13C NMR (400 MHz, CD3OD): δ13.8, 20.4, 21.6, 23.0, 24.5, 27.3, 30.4, 35.0, 36.5, 51.0, 

53.0, 68.4, 111.4, 113.2, 115.7, 120.6, 126.1, 129.2, 131.5, 139.0, 157.3, 161.0, 162.9. 5 

Example 23 

[00326] (2S)-1-Butyl-2-((2,6-dimethylphenyl)carbamoyl)-1-(4-(2-isopropyl-5-

methylphenoxy)butyl)piperidine bromide 

H
N

O

N
Br

H
N

O

N
O

HO

23
1b

H
N

O

N O

23

Br Br

Br

[00327] Compound 1b (1.14 mmol, 1 eq, 0.50 g) was weighed and dissolved in analytical-grade 10 

acetonitrile (10 eq of 1b, V/m, 5.0 ml) with stirring. Analytical-grade potassium carbonate (1.2 eq 

of 1b, m/m, 0.50 g) and thymol (1.34 mmol, 1.2 eq, 0.14 g) were added. The mixture was heated 

to 80°C for reaction and the reaction progress was monitored to be completed using TLC. The 

reaction mixture was filtered and the filter cake was washed with acetonitrile (30 eq of 1b, V/m, 

15 ml, three times). The filtrate was collected and subjected to preparative separation to obtain a 15 

white solid, Compound 23 (0.02 g, 2.92% yield, HPLC > 98%). 

[00328] MS m/z=493.45[M]+. 

[00329] 1H NMR (400MHz, CD3OD): δ10.02 (s, 1H), 7.23 (m, 1H), 7.05-6.87 (m, 4H), 6.71 (d, 

1H), 4.58-4.42 (m, 1H), 4.06-3.91 (m, 2H), 3.22-3.05 (m, 7H), 2.23 (s, 3H), 2.13-1.92 (m, 6H), 

1.90-1.81 (m, 2H), 1.78-1.45 (m, 8H), 1.30-1.20 (m, 10H), 0.89 (t, 3H). 20 
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[00330] 13C NMR (400 MHz, CD3OD): δ13.8, 17.2, 19.0, 19.3, 21.6, 22.2, 23.1, 23.6, 26.3, 27.6, 

28.1, 51.8, 56.5, 56.8, 68.7, 79.7, 111.5, 126.8, 127.7, 128.6, 129.7, 130.7, 137.1, 137.7, 149.5, 

172.0. 

Example 24 

[00331] (2S)-1-Butyl-2-((2,6-dimethylphenyl)carbamoyl)-1-(4-(4-5 

fluorophenoxy)butyl)piperidine bromide 

[00332] Compound 1b (0.71 mmol, 1 eq, 0.30 g) was weighed and dissolved in analytical-grade 

acetonitrile (10 eq of 1b, V/m, 5.0 ml) with stirring. Analytical-grade potassium carbonate (1.2 eq 

of 1b, m/m, 0.50 g) andd p-fluorophenol (1.42 mmol, 2 eq, 0.2 g) were added. The mixture was 10 

heated to 80°C for reaction and the reaction progress was monitored to be completed using TLC. 

The reaction mixture was filtered and the filter cake was washed with acetonitrile (30 eq of 1b, 

V/m, 15 ml, three times). The filtrate was collected and subjected to preparative separation to obtain 

a white solid, Compound 24 (123.5 mg, 23.29% yield, HPLC > 98%). 

[00333] MS m/z=455.43[M]+. 15 

[00334] 1H NMR (400MHz, CD3OD): δ9.70(s, 1H), 7.59(d, 2H), 7.19-7.09(m, 6H), 4.06(t, 2H), 

3.04(t, 1H), 2.34(t, 4H), 1.99-1.72(m, 6H), 1.55-1.30(m, 10H), 0.89(t, 3H). 

[00335] 13C NMR (400 MHz, CD3OD): δ13.8, 20.7, 21.5, 22.0, 23.3, 25.7, 27.6, 27.9, 59.1, 60.1, 

60.4, 68.4, 78.5, 116.0, 116.1, 120.6, 134.1, 154.5, 155.0, 162.9, 172.0.  

Example 25 20 

[00336] (2S)-1-Butyl-2-((2,6-dimethylphenyl)carbamoyl)-1-(4-(symmetrical mesityloxy) 
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butyl)piperidine bromide 

[00337] Compound 1b (0.83 mmol, 1 eq, 0.35 g) was weighed and dissolved in analytical-grade 

acetonitrile (10 eq of 1b, V/m, 5.0 ml) with stirring. Analytical-grade potassium carbonate (1.2 eq 

of 1b, m/m, 0.50 g) and 2,4,6-trimethylphenol (1.66 mmol, 2 eq, 0.22 g) were added. The mixture 5 

was heated to 80°C for reaction and the reaction progress was monitored to be completed using 

TLC. The reaction mixture was filtered and the filter cake was washed with acetonitrile (30 eq of 

1b, V/m, 15 ml, three times). The filtrate was collected and subjected to preparative separation to 

obtain a white solid, Compound 25 (176.87 mg, 31.8% yield, HPLC > 98%). 

[00338] MS m/z=479.47[M]+. 10 

[00339] 1H NMR (400MHz, CD3OD): δ9.70(s, 1H), 7.59(dd, 2H), 7.14 (t, 2H), 6.97(s, 2H), 4.06(t, 

2H), 3.04(t, 1H), 2.34(t, 4H), 2.18-2.15(m, 9H), 1.99-1.72(m, 6H), 1.55-1.30(m, 10H), 0.89(t, 3H). 

[00340] 13C NMR (400 MHz, CD3OD): δ13.8, 16.0, 20.7, 21.9, 22.0, 23.3, 25.7, 27.6, 27.9, 59.1, 

60.1, 60.4, 69.0, 78.5, 115.7, 120.6, 122.0, 129.8, 131.2, 134.1, 151.5, 162.9, 172.0.  

Example 26 15 

[00341] (2S)-1-Butyl-2-((2,6-dimethylphenyl)carbamoyl)-1-(4-(3-

fluorophenoxy)butyl)piperidine bromide 
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[00342] Compound 1b (0.83 mmol, 1 eq, 0.35 g) was weighed and dissolved in analytical-grade 

acetonitrile (10 eq of 1b, V/m, 5.0 ml) with stirring. Analytical-grade potassium carbonate (1.2 eq 

of 1b, m/m, 0.50 g) and m-fluorophenol (1.66 mmol, 2 eq, 0.15 g) were added. The mixture was 

heated to 80°C for reaction and the reaction progress was monitored to be completed using TLC. 5 

The reaction mixture was filtered and the filter cake was washed with acetonitrile (30 eq of 1b, 

V/m, 15 ml, three times). The filtrate was collected and subjected to preparative separation to obtain 

a white solid, Compound 26 (164.81 mg, 30.7%yield, HPLC > 98%). 

[00343] MS m/z=455.44[M]+. 

[00344] 1H NMR (400MHz, CD3OD): δ9.70(s, 1H), 7.72(d, 1H), 7.59 (d, 2H), 7.44(td, 1H), 7.14-10 

7.13 (m, 3H), 6.71(d, 1H), 4.06(t, 2H), 3.04(t, 1H), 2.34(t, 4H), 1.99-1.72(m, 6H), 1.55-1.30(m, 

10H), 0.89(t, 3H). 

[00345] 13C NMR (400 MHz, CD3OD): δ13.8, 20.7, 21.5, 22.0, 23.3, 25.7, 27.6, 27.9, 59.1, 60.1, 

60.4, 68.4, 78.5, 102.5, 107.1, 110.0, 115.7, 120.6, 129.6, 134.1, 159.0, 159.7, 162.9, 172.0. 

Example 27 15 

[00346] (2S)-1-Butyl-1-(4-(3-cyanophenoxy)butyl)-2-((2,6-

dimethylphenyl)carbamoyl)piperidine bromide 
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[00347] Compound 1b (0.71 mmol, 1 eq, 0.3 g) was weighed and dissolved in analytical-grade 

acetonitrile (10 eq of 1b, V/m, 5.0 ml) with stirring. Analytical-grade potassium carbonate (1.2 eq 

of 1b, m/m, 0.50 g) and 3-hydroxybenzonitrile (1.42 mmol, 2 eq, 0.17 g) were added. The mixture 

was heated to 80°C for reaction and the reaction progress was monitored to be completed using 5 

TLC. The reaction mixture was filtered and the filter cake was washed with acetonitrile (30 eq of 

1b, V/m, 15 ml, three times). The filtrate was collected and subjected to preparative separation to 

obtain a white solid, Compound 27 (101.52 mg, 22.1% yield, HPLC > 98%). 

[00348] MS m/z=462.40[M]+. 

[00349] 1H NMR (400MHz, CD3OD): δ10.02(s, 1H), 7.72(s, 1H), 7.60-7.53 (m, 2H), 7.22(d, 1H), 10 

7.05 (s, 3H), 4.58(t, 1H), 4.06(t, 2H), 3.27-3.17(m, 6H), 2.17-1.92(m, 8H), 1.75-1.70(m, 8H), 1.30 

-1.20(m, 4H), 0.89(t, 3H). 

[00350] 13C NMR (400 MHz, CD3OD): δ13.8, 17.2, 17.6, 19.0, 19.3, 22.2, 23.1, 26.3, 28.1, 51.8, 

56.5, 56.8, 68.4, 79.7, 113.2, 118.6, 118.7, 123.8, 126.8, 127.7, 130.0, 130.7, 137.1, 158.1, 172.0. 

Example 28 15 

[00351] (2S)-1-Butyl-2-((2,6-dimethylphenyl)carbamoyl)-1-(4-(3-

(trifluoromethyl)phenoxy)butyl)piperidine bromide 
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[00352] Compound 1b (0.71 mmol, 1 eq, 0.3 g) was weighed and dissolved in analytical-grade 

acetonitrile (10 eq of 1b, V/m, 5.0 ml) with stirring. Analytical-grade potassium carbonate (1.2 eq 

of 1b, m/m, 0.50 g) and 3-trifluoromethylphenol (1.42 mmol, 2 eq, 0.26 g) were added. The mixture 

was heated to 80°C for reaction and the reaction progress was monitored to be completed using 5 

TLC. The reaction mixture was filtered and the filter cake was washed with acetonitrile (30 eq of 

1b, V/m, 15 ml, three times). The filtrate was collected and subjected to preparative separation to 

obtain a white solid, Compound 28 (173.34 mg, 36.01% yield, HPLC > 98%). 

[00353] MS m/z=505.40[M]+. 

[00354] 1H NMR (400MHz, CD3OD): δ10.02(s, 1H), 7.25(d, 1H), 7.16-7.15 (m, 2H), 7.05(s, 3H), 10 

6.88 (d, 1H), 4.06(t, 2H), 3.04(t, 1H), 2.34(t, 4H), 2.13(s, 6H), 1.99-1.89(m, 3H), 1.75-1. 72 (m, 

3H), 1.55 -1. 30 (m, 10H), 0.89(t, 3H). 

[00355] 13C NMR (400 MHz, CD3OD): δ13.8, 17.6, 20.7, 21.5, 22.0, 23.3, 25.7, 27.6, 27.9, 59.1, 

60.1, 60.4, 68.4, 78.5, 109.3, 116.7, 117.7, 124.4, 126.8, 127.7, 129.6, 130.7, 131.6, 137.1, 157.7, 

172.0. 15 

Example 29 

[00356] (2R)-1-Butyl-2-((2,6-dimethylphenyl)carbamoyl)-1-(4-(m-tolyloxy)butyl)piperidine 

chloride 
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[00357] A chloride ion exchange resin was washed with pure water (20 eq of the chloride ion 

exchange resin, V/m, 20 ml, three times) until the pH of the aqueous phase became alkaline to yield 

1 g of prepared chloride ion exchange resin. Compound 5 (0.19 mmol, 1 eq, 0.1 g) was dissolved 

in a solvent (10 ml) of acetonitrile: water = 1:1. The prepared chloride ion exchange resin (4 eq of 5 

Compound 5, m/m, 0.4 g) was added to the solution for the first time and stirred at room 

temperature for 0.5 h. The mixture was then filtered, and the filtrate was collected. The prepared 

chloride ion exchange resin (4 eq of Compound 2, m/m, 0.4 g) was added to the filtrate for the 

second time and stirred at room temperature for 0.5 h. The mixture was filtered, and the filtrate was 

collected. The prepared chloride ion exchange resin (4 eq of Compound 5, m/m, 0.4 g) was added 10 

to the filtrate for the third time. The mixture was filtered, and the final filtrate was collected and 

concentrated by rotary evaporation to yield a white solid, Compound 29 (0.39 g, 20.17% yield, 

HPLC > 98%).

[00358] MS m/z=451.46[M]+.

[00359] 1H NMR (400MHz, CD3OD): δ12.22 (s, 1H), 10.06 (s, 1H), 7.18-7.15 (t, 1H), 7.05 (s, 15 

3H), 6.79-6.72 (m, 3H), 4.56 (t, 1H), 4.09-4.05 (m, 2H), 3.39-3.12 (m, 6H), 2.30 (s, 3H), 2.28-2.06 

(m, 6H), 1.96-1.91 (m, 2H), 1.75-1.59 (m, 8H), 1.45-1.23 (m, 4H), 0.93 (t, 3H).

[00360] 13C NMR (400 MHz, CD3OD): δ13.9, 17.5, 17.9, 19.1, 19.6, 21.8, 22.5, 23.5, 26.4, 28.5, 

51.9, 56.9, 57.2, 68.9, 79.9, 111.3, 113.5, 113.9, 120.7, 126.9, 128.2, 129.5, 130.8, 137.9, 139.8, 

157.9, 161.8, 172.8.20 

Example 30
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[00361] (2S)-1-Butyl-2-((2,6-dimethylphenyl)carbamoyl)-1-(4-(o-tolyloxy)butyl)piperidine 

bromide 

[00362] Compound 1b (0.70 mmol, 1 eq, 0.30 g) was weighed and dissolved in analytical-grade 

acetonitrile (10 eq of 1b, V/m, 5.0 ml) with stirring. Analytical-grade potassium carbonate (0.84 5 

mmol of 1b, 1.2 eq, 0.12 g) and 2-methylphenol (0.84 mmol, 1.2 eq, 0.09 g) were added. The 

mixture was heated to 80°C for reaction and the reaction progress was monitored to be completed 

using TLC. The reaction mixture was filtered and the filter cake was washed with acetonitrile (30 

eq of 1b, V/m, 15 ml, three times). The filtrate was collected and subjected to preparative separation 

to obtain a white solid, Compound 30 (67.55 mg, 21.3% yield, HPLC > 98%). 10 

[00363] MS m/z=451.44[M]+. 

[00364] 1H NMR (400MHz, CD3OD): δ10.02(s, 1H), 7.16(d, 1H), 7.05(s, 3H), 6.93-6.85(m, 3H), 

4.58 (t, 1H), 4.06(t, 2H), 3.27-3.17(m, 6H), 2.17-1.92(m, 11H), 1.75-1.71(m, 8H), 1.30-1. 20 (m, 

4H), 0.89(t, 3H). 

[00365] 13C NMR (400 MHz, CD3OD): δ13.8, 15.4, 17.2, 17.6, 19.0, 19.3, 22.2, 23.1, 26.3, 28.1, 15 

51.8, 56.5, 56.8, 68.7, 79.7, 112.3, 120.0, 126.3, 126.7, 126.8, 127.7, 130.7, 131.2, 137.1, 155.4, 

172.0. 

Example 31 

[00366] (2S)-1-Butyl-2-((2,6-dimethylphenyl)carbamoyl)-1-(4-(p-tolyloxy)butyl)piperidine 

bromide 20 
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[00367] Compound 1b (0.70 mmol, 1 eq, 0.30 g) was weighed and dissolved in analytical-grade 

acetonitrile (10 eq of 1b, V/m, 5.0 ml) with stirring. Analytical-grade potassium carbonate (0.84 

mmol of 1b, 1.2 eq, 0.12 g) and 4-methylphenol (0.84 mmol, 1.2 eq, 0.09 g) were added. The 

mixture was heated to 80°C for reaction and the reaction progress was monitored to be completed 5 

using TLC. The reaction mixture was filtered and the filter cake was washed with acetonitrile (30 

eq of 1b, V/m, 15 ml, three times). The filtrate was collected and subjected to preparative separation 

to obtain a white solid, Compound 31 (55.12 mg, 17.4% yield, HPLC > 98%). 

[00368] MS m/z=451.44[M]+. 

[00369] 1H NMR (400MHz, CD3OD): δ10.02(s, 1H), 7.10-7.05(m, 5H), 6.81(d, 2H), 4.58 (t, 1H), 10 

4.06(t, 2H), 3.27-3.17(m, 6H), 2.25-1.92(m, 11H), 1.75-1.70(m, 8H), 1.30-1. 20 (m, 4H), 0.89(t, 

3H). 

[00370] 13C NMR (400 MHz, CD3OD): δ13.8, 17.2, 17.6, 19.0, 19.3, 21.3, 22.2, 23.1, 26.3, 28.1, 

51.8, 56.5, 56.8, 68.4, 79.7, 114.3, 126.8, 127.7, 129.6, 130.0, 130.7, 137.1, 156.4, 172.0. 

[00371] The compounds in Examples 32 to 33 were synthesized using a preparation method 15 

similar to that described in Example 4. 
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Example 34 

[00372] (2S)-1-Butyl-2-((2,6-dimethylphenyl)carbamoyl)-1-(3-phenoxypropyl)piperidine 

bromide 

[00373] Step 1 5 

[00374] Levobupivacaine 1a (14.35 mmol, 1.0 eq, 3.0 g) was weighed and added with 1,3-

dibromopropane (2.0 eq of 1a, V/m, 10 ml). The mixture was stirred and heated to 100°C. The 

reaction progress was monitored to be completed using TLC. Column chromatography was 

performed on silica gel using an eluent system of CH2Cl2: MeOH=20:1. The eluate was collected 

and concentrated by rotary evaporation to yield an orange-yellow oily liquid, Compound 1r (2.8g, 10 

59.9% yield, HPLC > 90%). ESI-MS m/z: 409.18[M]+, 411.28[M+2H]+. 

[00375] Step 2 

[00376] Compound 1r (0.68 mmol, 1 eq, 0.28 g) was weighed and dissolved in analytical-grade 

acetonitrile (10 eq of 1r, V/m, 5.0 ml) with stirring. Analytical-grade sodium bicarbonate (1 eq of 

1r, m/m, 0.50 g) and phenol (1.36 mmol, 1.2 eq, 0.14 g) were added. The mixture was heated to 15 

80°C for reaction and the reaction progress was monitored to be completed using TLC. The reaction 

mixture was filtered and the filter cake was washed with acetonitrile (30 eq of 1r, V/m, 15 ml, three 

times). The filtrate was collected and subjected to preparative separation to obtain a white solid, 

Compound 34 (0.33 g, 45% yield, HPLC > 98%).

[00377] MS m/z=423.46[M]+. 20 

[00378] 1H NMR (400MHz, CD3OD): δ11.32(s, 1H), 10.03(s, 1H), 7.28-7.21(m, 2H), 7.19-



-67- 

7.09(m, 3H), 6.99-6.98(m, 3H), 4.51-4.58(t, 1H), 4.01-3.97(t, 1H), 3.49-3.11(m, 4H), 2.25-2.10(m, 

6H), 1.98-1.91(m, 2H), 1.79-1.68(m, 8H), 1.49-1.36(m, 4H), 0.94-0.89(t, 3H). 

[00379] 13C NMR (400 MHz, CD3OD): δ13.7, 17.4, 17.9, 19.4, 19.9, 22.7, 23.4, 26.5, 28.8, 54.3, 

55.9, 69.8, 78.9, 113.1, 114.7, 121.7, 125.4, 127.5, 129.5, 130.3, 136.3, 158.3, 162.6, 173.2. 

Example 35 5 

[00380] (2S)-1-Butyl-2-((2,6-dimethylphenyl)carbamoyl)-1-(3-(m-tolyloxy)propyl)piperidine 

bromide 

[00381] Compound 1r (0.68 mmol, 1 eq, 0.28 g) was weighed and dissolved in analytical-grade 

acetonitrile (10 eq of 1r, V/m, 5.0 ml) with stirring. Analytical-grade sodium bicarbonate (1 eq of 10 

1r, m/m, 0.50 g) and m-cresol (1.36 mmol, 1.2 eq, 0.14 g) were added. The mixture was heated to 

80°C for reaction and the reaction progress was monitored to be completed using TLC. The reaction 

mixture was filtered and the filter cake was washed with acetonitrile (30 eq of 1r, V/m, 15 ml, three 

times). The filtrate was collected and subjected to preparative separation to obtain a white solid, 

Compound 35 (14.5 mg, 6% yield, HPLC > 98%).15 

[00382] MS m/z=437.43[M]+. 

[00383] 1H NMR (400MHz, CD3OD): δ11.49(s, 1H), 10.11(s, 1H), 7.32-7.27(m, 2H), 7.22-

7.09(m, 2H), 6.99-6.98(m, 3H), 4.51-4.58(t, 1H), 4.23-3.99(t, 1H), 3.50-3.28(m, 4H), 2.25-2.10(m, 

6H), 2.01-1.99(m, 3H), 1.95-1.90(m, 2H), 1.77-1.66(m, 8H), 1.44-1.33(m, 4H), 0.99-0.87(t, 3H). 

[00384] 13C NMR (400 MHz, CD3OD): δ13.8, 17.5, 17.8, 19.5, 19.8, 21.5, 22.8, 23.5, 26.7, 28.4, 20 

54.5, 55.2, 69.6, 78.2, 113.8, 114.7, 121.7, 125.8, 127.3, 129.8, 130.1, 136.9, 158.2, 162.8, 173.6. 
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Example 36 

[00385] (2S)-1-(Cyclopentylmethyl)-2-((2,6-dimethylphenyl)carbamoyl)-1-(4-

phenoxybutyl)piperidine bromide 

[00386] Step 1 5 

[00387] (L)-2-Piperidinic acid 1d (7.75 mmol, 1 eq, 1 g) was weighed and dissolved in an HCl 

ethanol solution (20 eq of 1d, V/m, 20 ml) with stirring. The mixture was heated to 30°C and stirred 

for 2 h. The solvent was then removed by spinning to yield 1.28 g of white solid 1e. 

[00388] Step 2 

[00389] 1.28 g of white solid 1e was weighed and dissolved in dichlorothionyl (10 eq of 1e, V/m, 10 

10 ml). Then, 5 drops of DMF solution were added. Once the white solid was completely dissolved, 

the reaction was heated to 40°C and stirred for 3.5 h. The solvent was then removed by spinning to 

yield 1.41 g of brown solid 1f. 

[00390] Step 3 
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[00391] 2,6-Dimethylaniline (15.5 mmol, 2 eq, 2.09 g) was dissolved in 10 ml of toluene. 1f (7.75 

mmol, 1 eq, 1.41 g) was weighed and dissolved in toluene (10 eq of 1f, V/m, 20.0 ml) with stirring. 

The toluene solution of 2,6-dimethylaniline was added dropwise over 5 min. The reaction progress 

was monitored to be completed by TLC. The reaction solution was extracted with 50 ml of saturated 

sodium bicarbonate solution, and the pH was adjusted to 10. The organic phase was collected and 5 

concentrated by rotary evaporation. Column chromatography was performed on silica gel using an 

eluent system of CH2Cl2: MeOH=20:1. The eluate was collected and concentrated by rotary 

evaporation to yield a yellow-brown solid, 1j (0.83 g, 43.73% yield, HPLC > 98%). ESI-MS m/z: 

233.2[M+1]+. 

[00392] Step 4 10 

[00393] 1j (3.73 mmol, 1 eq, 0.83 g) was weighed and dissolved in analytical-grade acetonitrile 

(10 eq of 1j, V/m, 8.0 ml) with stirring. Analytical-grade potassium carbonate (4.48 mmol, 1.2 eq, 

0.57 g) and bromomethylcyclopentane (4.48 mmol, 1.2 eq, 0.61 g) were added. The mixture was 

heated to 80°C for reaction and the reaction progress was monitored to be completed using TLC. 

The reaction mixture was filtered and the filter cake was washed with 15 ml of acetonitrile for three 15 

times. The filtrate was collected and concentrated by rotary evaporation to yield a yellow-brown 

solid, 1k (1.35 g, 90.6% yield, HPLC > 98%). ESI-MS m/z: 315.2[M+1]+. 

[00394] Step 5 

[00395] 1.35 g of yellow-brown solid 1k was dissolved in 1,4-dibromobutane (20 eq of 1h, V/m, 

3 ml). The mixture was heated to 100°C for reaction, and the reaction progress was monitored to 20 

be completed using TLC. Column chromatography was performed on silica gel using an eluent 

system of CH2Cl2: MeOH=20:1. The eluate was collected and concentrated by rotary evaporation 

to yield a yellow-brown solid, 1l (1.33 g, 13.25% yield, HPLC > 98%). MS m/z=449.35[M]+, 

451.32[M+2]+. 

[00396] Step 6 25 

[00397] 1l (0.7 mmol, 1 eq, 0.33 g) was weighed and dissolved in analytical-grade acetonitrile (10 

eq of 1l, V/m, 5.0 ml) with stirring. Analytical-grade potassium carbonate (0.84 mmol, 1.2 eq, 0.12 

g) and phenol (1.4 mmol, 2 eq, 0.13 g) were added. The mixture was heated to 80°C for reaction 

and the reaction progress was monitored to be completed using TLC. The reaction mixture was 
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filtered and the filter cake was washed with acetonitrile (30 eq of 1l, V/m, 10 ml, three times). The 

filtrate was collected and subjected to preparative separation to obtain a white solid, Compound 36 

(41.47 mg, 10.63% yield, HPLC > 98%). 

[00398] MS m/z=463.33[M]+. 

[00399] 1H NMR (400MHz, CD3OD): δ10.02(s, 1H), 7.27(dd, 2H), 7.05 (s, 3H), 6.93-6.92(m, 5 

3H), 4.58 (t, 1H), 4.06(t, 2H), 3.27-3.16(m, 6H), 2.13-1.92(m, 9H), 1.90-1.63(m, 14H), 1.30-1. 20 

(m, 2H). 

[00400] 13C NMR (400 MHz, CD3OD): δ17.2, 17.6, 19.3, 22.2, 24.8, 26.3, 28.1, 29.1, 34.9, 52.1, 

57.2, 62.2, 68.4, 80.0, 114.4, 120.3, 126.8, 127.7, 129.3, 130.7, 137.1, 159.4, 172.0. 

Example 37 10 

[00401] (2S)-1-(Isobutylmethyl)-2-((2,6-dimethylphenyl)carbamoyl)-1-(4-

phenoxybutyl)piperidine bromide 

[00402] Step 1 

[00403] 1j (4.3 mmol, 1 eq, 1 g) was weighed and dissolved in 10.0 ml of analytical-grade 15 

acetonitrile with stirring. Analytical-grade potassium carbonate (5.16 mmol, 1.2 eq, 0.71 g) and 

isobutyl bromide (8.6 mmol, 2 eq, 1.16 g) were added. The mixture was heated to 80°C for reaction 

and the reaction progress was monitored to be completed using TLC. The reaction mixture was 
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filtered and the filter cake was washed with 15 ml of acetonitrile for three times. The filtrate was 

collected and concentrated by rotary evaporation to yield a yellow-brown solid, 1s (1.23 g, 97% 

yield, HPLC > 98%). ESI-MS m/z:289.32[M+1]+. 

[00404] Step 2 

[00405] 1.23 g of yellow-brown solid 1s was dissolved in 3 ml of 1,4-dibromobutane. The mixture 5 

was heated to 100°C, and the reaction progress was monitored to be completed using TLC. Column 

chromatography was performed on silica gel using an eluent system of CH2Cl2: MeOH=20:1. The 

eluate was collected and concentrated by rotary evaporation to yield a yellow-brown solid, 1t (0.18 

g, 10% yield, HPLC > 98%). ESI-MS m/z: 423.35[M]+,423.32[M+2]+

[00406] Step 6 10 

[00407] 1t (0.43 mmol, 1 eq, 0.18 g) was weighed and dissolved in analytical-grade acetonitrile 

(10 eq of 1t, V/m, 3.0 ml) with stirring. Analytical-grade potassium carbonate (0.51 mmol, 1.2 eq, 

0.07 g) and phenol (0.86 mmol, 2 eq, 0.7 g) were added. The mixture was heated to 80°C for 

reaction and the reaction progress was monitored to be completed using TLC. The reaction mixture 

was filtered and the filter cake was washed with acetonitrile (30 eq of 1t, V/m, 10 ml, three times). 15 

The filtrate was collected and subjected to preparative separation to obtain a white solid, 

Compound 37 (47.97 mg, 12.3% yield, HPLC > 98%). 

[00408] MS m/z=437.42 [M]+

[00409] 1H NMR (400MHz, CD3OD): δ11.33(s, 1H), 10.02(s, 1H), 7.33-7.26(m, 2H), 7.19-

7.05(m, 3H), 6.99-6.90(m, 3H), 4.57-4.50(t, 1H), 4.19-4.09(t, 1H), 3.46-3.21(m, 5H), 2.24-2.19(m, 20 

6H), 1.99-1.88(m, 2H), 1.76-1.65(m, 8H), 1.47-1.33(m, 4H), 0.98-0.87(t, 3H). 

[00410] 13C NMR (400 MHz, CD3OD): δ14.2, 16.9, 18.9, 19.4, 19.9, 23.5, 23.9, 25.9, 27.6, 52.2, 

55.9, 57.8, 67.6, 78.5, 114.6, 114.9, 121.6, 125.9, 128.5, 129.9, 131.9, 139.3, 158.6, 161.1, 171.1. 

Example 38 

[00411] (2S)-2-((2,6-Dimethylphenyl)carbamoyl)-1-(4-methylpentyl)-1-(4-25 

phenoxybutyl)piperidine bromide 
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[00412] Step 1 

[00413] 1j (1.8 mmol, 1 eq, 0.42 g) was weighed and dissolved in analytical-grade acetonitrile (10 

eq of 1j, V/m, 8.0 ml) with stirring. Analytical-grade potassium carbonate (2.16 mmol, 1.2 eq, 0.3 

g) and isopentyl bromide (4.48 mmol, 1.2 eq, 1.41 g) were added. The mixture was heated to 80°C 5 

for reaction and the reaction progress was monitored to be completed using TLC. The reaction 

mixture was filtered and the filter cake was washed with 15 ml of acetonitrile for three times. The 

filtrate was collected and concentrated by rotary evaporation to yield a yellow-brown solid, 1m 

(569 mg, 59.6% yield, HPLC > 98%). ESI-MS m/z:317.34[M+1]+. 

[00414] Step 2 10 

[00415] 569 mg of yellow-brown solid 1m was dissolved in 1,4-dibromobutane (20 eq of 1m, 

V/m, 3 ml). The mixture was heated to 100°C, and the reaction progress was monitored to be 

completed using TLC. Column chromatography was performed on silica gel using an eluent system 

of CH2Cl2: MeOH=20:1. The eluate was collected and concentrated by rotary evaporation to yield 

a yellow-brown solid, 1n (0.51 g, 62.96% yield, HPLC > 98%). 451.35[M]+, 453.35[M+2]+. 15 

[00416] Step 3 

[00417] 1n (0.55 mmol, 1 eq, 0.25 g) was weighed and dissolved in analytical-grade acetonitrile 

(10 eq of 1n, V/m, 5.0 ml) with stirring. Analytical-grade potassium carbonate (1.1 mmol, 1.2 eq, 
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0.15 g) and phenol (1.1 mmol, 2 eq, 0.1 g) were added. The mixture was heated to 80°C for reaction 

and the reaction progress was monitored to be completed using TLC. The reaction mixture was 

filtered and the filter cake was washed with acetonitrile (30 eq of 1n, V/m, 10 ml, three times). The 

filtrate was collected and subjected to preparative separation to obtain a white solid, Compound 38 

(62.69 mg, 20.42% yield, HPLC > 98%). 5 

[00418] MS m/z=465.48[M]+. 

[00419] 1H NMR (400MHz, CD3OD): δ10.02(s, 1H), 7.27(dd, 2H), 7.05(s, 3H), 6.93-6.92(m, 3H), 

4.58 (t, 1H), 4.06(t, 2H), 3.27-3.17(m, 6H), 2.17-1.92(m, 8H), 1.75-1.62(m, 9H), 1.30-1. 19 (m, 

4H), 0.91(d, 6H). 

[00420] 13C NMR (400 MHz, CD3OD): δ17.2, 17.6, 18.1, 19.3, 22.2, 23.2, 26.3, 27.8, 28.1, 38.1, 10 

51.8, 56.8, 57.1, 68.4, 79.7, 114.4, 120.3, 126.8, 127.7, 129.3, 130.7, 137.1, 159.4, 172.0. 

Example 39 

[00421] (2S)-1-Butyl-2-((4-fluorophenyl) carbamoyl)-1-(4-phenoxybutyl)piperidine bromide 
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[00422] Step 1 15 

[00423] 4-Fluoroaniline (15.5 mmol, 2 eq, 2.09 g) was dissolved in 10 ml of toluene. 1f (7.75 

mmol, 1 eq, 1.41 g) was weighed and dissolved in toluene (10 eq of 1f, V/m, 20.0 ml) with stirring. 
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The toluene solution of 4-fluoroaniline was added dropwise over 5 min. The reaction progress was 

monitored to be completed by TLC. The reaction solution was extracted with 50 ml of saturated 

sodium bicarbonate solution, and the pH was adjusted to 10. The organic phase was collected and 

concentrated by rotary evaporation. Column chromatography was performed on silica gel using an 

eluent system of CH2Cl2: MeOH=20:1. The eluate was collected and concentrated by rotary 5 

evaporation to yield a yellow-brown solid, 1g (0.83 g, 43.73% yield, HPLC > 98%). ESI-MS 

m/z:222.3[M+1]+. 

[00424] Step 2 

[00425] 1g (3.73 mmol, 1 eq, 0.83 g) was weighed and dissolved in analytical-grade acetonitrile 

(10 eq of 1g, V/m, 8.0 ml) with stirring. Analytical-grade potassium carbonate (4.48 mmol, 1.2 eq, 10 

0.57 g) and bromobutane (4.48 mmol, 1.2 eq, 0.61 g) were added. The mixture was heated to 80°C 

for reaction and the reaction progress was monitored to be completed using TLC. The reaction 

mixture was filtered and the filter cake was washed with 15 ml of acetonitrile for three times. The 

filtrate was collected and concentrated by rotary evaporation to yield a yellow-brown solid, 1h 

(0.94 g, 90.6% yield, HPLC > 98%). ESI-MS m/z: 279.3[M+1]+. 15 

[00426] Step 3 

[00427] 0.94 g of yellow-brown solid 1h was dissolved in 1,4-dibromobutane (20 eq of 1h, V/m, 

3 ml). The mixture was heated to 100°C, and the reaction progress was monitored to be completed 

using TLC. Column chromatography was performed on silica gel using an eluent system of CH2Cl2: 

MeOH=20:1. The eluate was collected and concentrated by rotary evaporation to yield a yellow-20 

brown solid, 1i (450 mg, 13.25% yield, HPLC > 98%). MS m/z=413.3[M]+, 415.3[M+2]+. 

[00428] Step 4 

[00429] 1i (0.37 mmol, 1 eq, 0.15 g) was weighed and dissolved in analytical-grade acetonitrile 

(10 eq of 1i, V/m, 5.0 ml) with stirring. Analytical-grade potassium carbonate (0.44 mmol, 1.2 eq, 

0.06 g) and phenol (0.74 mmol, 2 eq, 0.07 g) were added. The mixture was heated to 80°C for 25 

reaction and the reaction progress was monitored to be completed using TLC. The reaction mixture 

was filtered and the filter cake was washed with acetonitrile (30 eq of 1i, V/m, 10 ml, three times). 

The filtrate was collected and subjected to preparative separation to obtain a white solid, 

Compound 39 (33.48 mg, 2.92% yield, HPLC > 98%). 
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[00430] MS m/z=427.41[M]+. 

[00431] 1H NMR (101 MHz, CD3OD): δ7.66-7.54 (m, 2H), 7.33-7.19 (m, 2H), 7.17-7.02 (m, 2H), 

7.02-6.79 (m, 3H), 4.33-4.21 (m, 1H), 4.20-3.98 (m, 3H), 3.94-3.40 (m, 5H), 2.48-2.34 (m, 1H), 

2.32-2.17 (m, 1H), 2.11-1.69 (m, 10H), 1.53-1.23 (m, 3H), 1.10-0.86 (m, 3H). 

[00432] 13C NMR (101  MHz, CD3OD): δ 11.8, 12.4, 18.5, 19.0, 19.3, 23.2, 23.4, 23.7, 25.6, 5 

47.1, 47.3, 47.6, 47.8, 48.0, 48.2, 56.7, 66.3, 67.9, 114.0, 115.1, 115.3, 120.5, 120.6, 121.9, 122.0, 

129.0, 129.1, 133.4, 158.6, 164.7. 

Example 40 

[00433] (2S)-1-Butyl-2-((2,6-dibromophenyl)carbamoyl)-1-(4-phenoxybutyl)piperidine bromide 
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[00434] Step 1 

[00435] 2,6-Dibromoaniline (43.6 mmol, 2 eq, 1.89 g) was dissolved in 10 ml of toluene. 1f (21.8 

mmol, 1 eq, 3.32 g) was weighed and dissolved in toluene (10 eq of 1f, V/m, 20.0 ml) with stirring. 

The toluene solution of 2,6-dibromoaniline was added dropwise over 5 min. The reaction progress 

was monitored to be completed by TLC. The reaction solution was extracted with 50 ml of saturated 15 

sodium bicarbonate solution, and the pH was adjusted to 10. The organic phase was collected and 



-76- 

concentrated by rotary evaporation. Column chromatography was performed on silica gel using an 

eluent system of CH2Cl2: MeOH=20:1. The eluate was collected and concentrated by rotary 

evaporation to yield a yellow-brown solid, 1o (3.2 g, 74% yield, HPLC > 98%). ESI-MS m/z: 

363.04[M+4]+. 

[00436] Step 2 5 

[00437] 1o (8.81 mmol, 1 eq, 3.2 g) was weighed and dissolved in analytical-grade acetonitrile 

(10 eq of 1o, V/m, 30 ml) with stirring. Analytical-grade potassium carbonate (2.16 mmol, 1.2 eq, 

0.3 g) and n-butyl bromide (4.48 mmol, 1.2 eq, 1.41 g) were added. The mixture was heated to 

80°C for reaction and the reaction progress was monitored to be completed using TLC. The reaction 

mixture was filtered and the filter cake was washed with 15 ml of acetonitrile for three times. The 10 

filtrate was collected and concentrated by rotary evaporation to yield a yellow-brown solid, 1p (3.6 

g, 97% yield, HPLC > 98%). ESI-MS m/z:418.01[M+2]+. 

[00438] Step 3 

[00439] The yellow-brown solid 1p (8.65 mmol, 1 eq, 3.6 g) was dissolved in 1,4-dibromobutane 

(18 mmol, 20 eq, 9 ml). The mixture was heated to 100°C for reaction, and the reaction progress 15 

was monitored to be completed using TLC. Column chromatography was performed on silica gel 

using an eluent system of CH2Cl2: MeOH=20:1. The eluate was collected and concentrated by 

rotary evaporation to yield a yellow-brown solid, 1q (1.5 g, 16% yield, HPLC > 98%). 

554.99[M+4]+. 

[00440] Step 4 20 

[00441] 1q (0.79 mmol, 1 eq, 0.5 g) was weighed and dissolved in analytical-grade acetonitrile 

(10 eq of 1q, V/m, 5.0 ml) with stirring. Analytical-grade potassium carbonate (0.95 mmol, 1.2 eq, 

0.13 g) and phenol (1.58 mmol, 2 eq, 0.14 g) were added. The mixture was heated to 80°C for 

reaction and the reaction progress was monitored to be completed using TLC. The reaction mixture 

was filtered and the filter cake was washed with acetonitrile (30 eq of 1q, V/m, 10 ml, three times). 25 

The filtrate was collected and subjected to preparative separation to obtain a white solid, 

Compound 40 (44.91 mg, 8.72% yield, HPLC > 98%). 

[00442] MS m/z=567.13[M+2]+. 
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[00443] 1H NMR (400MHz, CD3OD): δ10.02(s, 1H), 7.74(d, 2H), 7.27(t, 2H), 6.93-6.92 (m, 3H), 

6.79(t, 1H), 4.58(t, 1H), 4.06(t, 2H), 3.27-3.17(m, 6H), 2.17-1.92 (m, 2H), 1.75-1.70 (m, 8H), 1.30-

1.20 (m, 4H), 0.89(t, 3H). 

[00444] 13C NMR (400 MHz, CD3OD): δ13.8, 17.2, 19.0, 19.3, 22.2, 23.1, 26.3, 28.1, 51.8, 56.5, 

56.8, 68.4, 79.7, 114.3, 120.3, 124.8, 129.3, 130.8, 147.4, 159.4, 172.0. 5 

Example 41 

[00445] (2S)-1-Butyl-2-(o-tolylcarbamoyl)-1-(4-(m-tolyloxy) butyl)piperidine bromide 
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[00446] Step 1 

[00447] 2-Methylaniline (36.2 mmol, 2 eq, 3.8 g) was dissolved in 10 ml of toluene. 1f (18.1 10 

mmol, 1 eq, 3.32 g) was weighed and dissolved in toluene (10 eq of 1f, V/m, 20.0 ml) with stirring. 

The toluene solution of 2-methylaniline was added dropwise over 5 min. The reaction progress was 

monitored to be completed by TLC. The reaction solution was extracted with 50 ml of saturated 

sodium bicarbonate solution, and the pH was adjusted to 10. The organic phase was collected and 

concentrated by rotary evaporation. Column chromatography was performed on silica gel using an 15 

eluent system of CH2Cl2: MeOH=20:1. The eluate was collected and concentrated by rotary 

evaporation to yield a yellow-brown solid, 1x (1.11 g, 28.02% yield, HPLC > 98%). ESI-MS m/z: 

219.35[M+1]+. 
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[00448] Step 2 

[00449] 1x (5.06 mmol, 1 eq, 1.11 g) was weighed and dissolved in analytical-grade acetonitrile 

(10 eq of 1x, V/m, 11.0 ml) with stirring. Analytical-grade potassium carbonate (6.07 mmol, 1.2 

eq, 1 g) and n-butyl bromide (6.07 mmol, 1.2 eq, 1 g) were added. The mixture was heated to 80°C 

for reaction and the reaction progress was monitored to be completed using TLC. The reaction 5 

mixture was filtered and the filter cake was washed with 15 ml of acetonitrile for three times. The 

filtrate was collected and concentrated by rotary evaporation to yield a yellow-brown solid, 1y 

(1.39 g, 99% yield, HPLC > 98%). ESI-MS m/z: 275.28[M+1]+. 

[00450] Step 3 

[00451] 1.39 g of yellow-brown solid 1y was dissolved in 1,4-dibromobutane (20 eq of 1y, V/m, 10 

3 ml). The mixture was heated to 100°C for reaction, and the reaction progress was monitored to 

be completed using TLC. Column chromatography was performed on silica gel using an eluent 

system of CH2Cl2: MeOH=20:1. The eluate was collected and concentrated by rotary evaporation 

to yield a yellow-brown solid, 1z (1.14 g, 21.8% yield, HPLC > 98%). ESI-MS m/z: 409.34[M]+, 

411.35[M+2]+. 15 

[00452] Step 4 

[00453] 1z (0.9 mmol, 1 eq, 0.38 g) was weighed and dissolved in analytical-grade acetonitrile 

(10 eq of 1z, V/m, 4.0 ml) with stirring. Analytical-grade potassium carbonate (1.08 mmol, 1.2 eq, 

0.14 g) and m-cresol (1.8 mmol, 2 eq, 0.16 g) were added. The mixture was heated to 80°C for 

reaction and the reaction progress was monitored to be completed using TLC. The reaction mixture 20 

was filtered and the filter cake was washed with acetonitrile (30 eq of 1z, V/m, 10 ml, three times). 

The filtrate was collected and subjected to preparative separation to obtain a white solid, 

Compound 41 (84.9 mg, 17.65% yield, HPLC > 98%). 

[00454] MS m/z=437.47 [M]+

[00455] 1H NMR (400MHz, CD3OD): δ12.10(s, 1H), 10.31(s, 1H), 7.19-7.19(m, 2H), 7.16-25 

7.11(m, 3H), 6.98-6.89(m, 3H), 4.59-4.50(t, 1H), 4.09-3.98(t, 1H), 3.45-3.28(m, 6H), 2.23-2.12(m, 

6H), 1.99-1.88(m, 2H), 1.81-1.67(m, 8H), 1.49-1.39(m, 4H), 0.96-0.84(t, 3H). 

[00456] 13C NMR (400 MHz, CD3OD): δ13.,7, 17.2, 17.6, 19.4, 19.9, 22.6, 23.8, 26.4, 28.0, 51.5, 
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56.6, 56.1, 68.1, 79.6, 113.7, 114.6, 120.1, 126.3, 127.3, 129.6, 130.1, 137.7, 159.1, 161.7, 171.5. 

Example 42 

[00457] (2S)-1-Butyl-2-((2,6-diethylphenyl)carbamoyl)-1-(4-(m-tolyloxy)butyl)piperidine 

bromide 

5 

[00458] Step 1 

[00459] 2,6-Diethylaniline (36.2 mmol, 2 eq, 3.8 g) was dissolved in 10 ml of toluene. 1f (18.1 

mmol, 1 eq, 3.32 g) was weighed and dissolved in toluene (10 eq of 1f, V/m, 20.0 ml) with stirring. 

The toluene solution of 2-methylaniline was added dropwise over 5 min. The reaction progress was 

monitored to be completed by TLC. The reaction solution was extracted with 50 ml of saturated 10 

sodium bicarbonate solution, and the pH was adjusted to 10. The organic phase was collected and 

concentrated by rotary evaporation. Column chromatography was performed on silica gel using an 

eluent system of CH2Cl2: MeOH=20:1. The eluate was collected and concentrated by rotary 

evaporation to yield a yellow-brown solid, 2a (2.02 g, 70.9% yield, HPLC > 98%). ESI-MS 

m/z:261.35[M+1]+. 15 

[00460] Step 2 

[00461] 2a (6.36 mmol, 1 eq, 1.66 g) was weighed and dissolved in analytical-grade acetonitrile 

(10 eq of 2a, V/m, 17.0 ml) with stirring. Analytical-grade potassium carbonate (7.63 mmol, 1.2 
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eq, 1.05 g) and n-butyl bromide (7.63 mmol, 1.2 eq, 1.05 g) were added. The mixture was heated 

to 80°C for reaction and the reaction progress was monitored to be completed using TLC. The 

reaction mixture was filtered and the filter cake was washed with 15 ml of acetonitrile for three 

times. The filtrate was collected and concentrated by rotary evaporation to yield a yellow-brown 

solid, 2b (2.02 g, 99% yield, HPLC > 98%). ESI-MS m/z:317.33[M+1]+. 5 

[00462] Step 3 

[00463] 2.02 g of yellow-brown solid 2b was dissolved in 1,4-dibromobutane (20 eq of 2b, V/m, 

4 ml). The mixture was heated to 100°C, and the reaction progress was monitored to be completed 

using TLC. Column chromatography was performed on silica gel using an eluent system of CH2Cl2: 

MeOH=20:1. The eluate was collected and concentrated by rotary evaporation to yield a yellow-10 

brown solid 2c (0.86 g, 8% yield, HPLC > 98%). ESI-MS m/z: 451.37[M]+, 453.37[M+2]+. 

[00464] Step 4 

[00465] 2c (0.8 mmol, 1 eq, 0.43 g) was weighed and dissolved in analytical-grade acetonitrile 

(10 eq of 2c, V/m, 4.0 ml) with stirring. Analytical-grade potassium carbonate (0.96 mmol, 1.2 eq, 

0.12 g) and m-cresol (1.6 mmol, 2 eq, 0.14 g) were added. The mixture was heated to 80°C for 15 

reaction and the reaction progress was monitored to be completed using TLC. The reaction mixture 

was filtered and the filter cake was washed with acetonitrile (30 eq of 2c, V/m, 10 ml, three times). 

The filtrate was collected and subjected to preparative separation to obtain a white solid, 

Compound 42 (63.67 mg, 9.75% yield, HPLC > 98%). 

[00466] MS m/z=479.15 [M]+20 

[00467] 1H NMR (400MHz, CD3OD): δ12.05(s, 1H), 10.46(s, 1H), 7.22-7.16(m, 2H), 7.11-

7.02(m, 3H), 6.99-6.88(m, 3H), 4.58-4.49(t, 1H), 4.11-3.99(t, 1H), 3.46-3.29(m, 6H), 2.26-2.19(m, 

6H), 1.98-1.88(m, 2H), 1.83-1.67(m, 8H), 1.49-1.37(m, 4H), 1.28-1.16(m, 4H), 0.96-0.84(t, 3H). 

[00468] 13C NMR (400 MHz, CD3OD): δ13.6, 17.2, 17.6, 19.4, 19.9, 22.6, 23.6, 23.6, 23.8, 26.4, 

28.9, 51.5, 56.8, 56.1, 68.5, 79.3, 113.8, 114.1, 120.1, 126.9, 126.5, 128.9, 130.3, 137.3, 159.6, 25 

161.9, 171.5. 

Example 43 

[00469] (2S)-1-(4-((6-acetylnaphth-2-yl)oxy)butyl)-1-butyl-2-((2,6-
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dimethylphenyl)carbamoyl)piperidine bromide 
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[00470] Compound 1b (0.71 mmol, 1 eq, 0.30 g) was weighed and dissolved in analytical-grade 

acetonitrile (10 eq of 1b, V/m, 5.0 ml) with stirring. Analytical-grade potassium carbonate (1.2 eq 

of 1b, m/m, 0.50 g) and 6-acetyl-2-naphthol (1.42 mmol, 2 eq, 0.27 g) were added. The mixture 5 

was heated to 80°C for reaction and the reaction progress was monitored to be completed using 

TLC. The reaction mixture was filtered and the filter cake was washed with acetonitrile (30 eq of 

1b, V/m, 15 ml, three times). The filtrate was collected and subjected to preparative separation to 

obtain a white solid, Compound 43 (116.9 mg, 18.3% yield, HPLC > 98%). 

[00471] MS m/z=529.43[M]+. 10 

[00472] 1H NMR (400MHz, CD3OD): δ9.70(s, 1H), 8.40(s, 1H), 8.15(d, 1H), 7.82(d, 1H), 7.69(d, 

1H), 7.59(d, 2H), 7.36(s, 1H), 7.14-7.21(m, 3H), 4.16(t, 2H), 3.63(t, 1H), 2.50(s, 3H), 2.34 (t, 4H), 

1.83-1.55(m, 4H), 1.4-1.3(m, 10H), 0.89(t, 3H). 

[00473] 13C NMR (400 MHz, CD3OD): δ13.8, 20.4, 24.5, 26.0, 26.6, 27.3, 30.4, 33.2, 35.0, 51.0, 

68.4, 73.0, 108.0, 115.7, 117.7, 120.6, 124.7, 127.1, 129.6, 131.0, 131.3, 132.0, 134.1, 138.2, 157.9, 15 

162.9, 172.0, 197.0. 

Example 44 

[00474] (2S)-1-Butyl-1-(4-((2,2-dimethyl-2,3-dihydrobenzofuran-7-yl)oxy)butyl)-2-((2,6-

dimethylphenyl) carbamoyl)piperidine bromide 
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[00475] Compound 1b (0.71 mmol, 1 eq, 0.30 g) was weighed and dissolved in analytical-grade 

acetonitrile (10 eq of 1b, V/m, 5.0 ml) with stirring. Analytical-grade potassium carbonate (1.2 eq 

of 1b, m/m, 0.50 g) and 2,3-dimethyl-7-hydroxy-benzofuran (1.42 mmol, 2 eq, 0.17 g) were added. 

The mixture was heated to 80°C for reaction and the reaction progress was monitored to be 5 

completed using TLC. The reaction mixture was filtered and the filter cake was washed with 

acetonitrile (30 eq of 1b, V/m, 15 ml, three times). The filtrate was collected and subjected to 

preparative separation to obtain a white solid, Compound 44 (210.38 mg, 42.3% yield, HPLC > 

98%). 

[00476] MS m/z=507.46[M]+. 10 

[00477] 1H NMR (400MHz, CD3OD): δ10.02(s, 1H), 7.05(s, 3H), 6.90-6.84 (m, 3H), 4.58(t, 1H), 

4.06(t, 2H), 3.27-3.17(m, 6H), 2.85(s, 2H), 2.17-1.92(m, 8H), 1.75-1.70(m, 8H), 1.47(s, 6H), 1.30 

-1.20(m, 4H), 0.89(t, 3H). 

[00478] 13C NMR (400 MHz, CD3OD): δ13.8, 17.2, 17.6, 19.0, 19.3, 22.2, 23.1, 26.3, 28.1, 28.4, 

42.2, 51.8, 56.5, 56.8, 68.7, 79.7, 94.5, 111.8, 120.0, 122.2, 126.8, 127.7, 128.8, 130.7, 137.1, 145.8, 15 

146.6, 172.0. 

Comparative Example 1 

[00479] (2S)-1-Butyl-2-((2,6-dimethylphenyl)carbamoyl)-1-(2-(2-

phenoxyethoxy)ethyl)piperidine bromide 
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[00480] Step 1

[00481] Levobupivacaine 1a (3.67 mmol, 1.0 eq, 1.06 g) was weighed and added with bis-(2-

bromoethyl) ether (4.25 eq of levobupivacaine 1a, V/m, 3 ml). The mixture was stirred and heated 

to 100°C. The reaction progress was monitored to be completed using TLC. Column 5 

chromatography was performed on silica gel using an eluent system of CH2Cl2: MeOH=20:1. The 

eluate was collected and concentrated by rotary evaporation to yield an orange-yellow oily liquid, 

Compound 2e (1.0 g, 30% yield, HPLC > 90%). ESI-MS m/z: 439.36[M]+, 441.48[M+2H]+.

[00482] Step 2

[00483] Compound 2e (1 mmol, 1 eq, 0.51 g) was weighed and dissolved in analytical-grade 10 

acetonitrile (10 eq of 2e, V/m, 5.0 ml) with stirring. Analytical-grade sodium bicarbonate (1 eq of 

2d, m/m, 0.50 g) and phenol (1.2 mmol, 1.2 eq, 0.12 g) were added. The mixture was heated to 

80°C for reaction and the reaction progress was monitored to be completed using HPLC. The 

reaction mixture was filtered and the filter cake was washed with acetonitrile (30 eq of 2e, V/m, 15 

ml, three times). The filtrate was collected and subjected to preparative separation to obtain a white 15 

powdery solid, Comparative Example 1 Compound (0.21 g, 39.62% yield, HPLC > 98%).

[00484] MS m/z=453.38[M]+.

[00485] 1H NMR (400MHz, CD3OD): δ12.09(s, 1H), 10.13(s, 1H), 7.20-7.23(m, 2H), 7.19-

7.09(m, 2H), 6.98-6.91(m, 3H), 6.42(s, 1H), 4.51-4.56(t, 1H), 4.08-4.01(t, 1H), 3.49-3.29(m, 6H), 

2.26-2.18(m, 6H), 1.93-1.88(m, 2H), 1.73-1.66(m, 8H), 1.44-1.32(m, 4H), 0.98-0.89(t, 3H).20 

[00486] 13C NMR (400 MHz, CD3OD): δ13.8, 17.8, 17.8, 19.6, 19.8, 22.9, 24.3, 28.2, 29.6, 51.4, 

56.7, 57.3, 66.6, 78.5, 113.2, 114.1, 120.7, 126.3, 127.6, 129.5, 130.3, 136.6, 158.8, 160.7, 170.4.
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Biological Testing 

[00487] The experimental methods described in the following test examples were standard 

procedures unless otherwise specified. All experimental animals used in the following test 

examples were SD rats purchased from Hunan Slac Jingda Experimental Animal Co., Ltd. Other 

test materials, unless stated otherwise, were purchased from conventional biochemical reagent 5 

suppliers. 

[00488] Test Example 1: Assessment of the Local Anesthetic Effect of Compounds of the present 

application  

[00489] Experimental Methods: 

[00490] The compounds listed in Table 1 and levobupivacaine hydrochloride (positive control) 10 

were administered to three groups of rats fully acclimated to the experimental environment, with 

one rat per group. 

[00491] Solution Preparation: 2 mg/ml Levobupivacaine Hydrochloride Injection: 2.670 ml of 7.5 

mg/ml levobupivacaine hydrochloride injection (Batch No. 92S0702) was pipetted into a 10 ml 

volumetric flask. 0.9% NaCl solution was added until the meniscus was level with the calibration 15 

line, and the solution was inverted and mixed thoroughly, to prepare 2 mg/ml levobupivacaine 

hydrochloride injection. 2 mg/ml Example Compound Solution: 6.6 mg of the example compound 

was accurately weighed and dissolved in 3.3 ml of 0.9% NaCl solution to prepare a 2 mg/ml 

example compound solution. 

[00492] Both the positive control and the example compound were administered to each rat at 2 20 

mg/ml, with an administration volume of 5 ml/kg, in a single injection near the sciatic nerve of the 

rat. After the administration, the rat was placed on a preheated hot plate (50±0.1°C) of an intelligent 

hot plate instrument. The time until the rat exhibited clear behavioral responses, such as lifting or 

licking its foot to avoid the thermal stimulus on the administration side, was recorded as thermal 

latency. The maximum thermal latency was controlled at 60 s. If the rat did not lick its foot within 25 

60 s, its hind feet were manually lifted to prevent tissue damage or hyperalgesia, and 60 s was 

recorded as the thermal latency of the rat. Any urine or feces on the hot plate was promptly cleaned 

and dried before subsequent tests. 

[00493] Thermal latency results were expressed as the maximum proportional effect (MPE), 
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calculated using the following formula: 

[00494] MPE (%)= (C-B)/ (P-B)*100% 

[00495] Wherein: B represented the basal thermal latency of the rats; P was the maximum thermal 

latency; C was the observed thermal latency at the detection time point. 

[00496] Measurements were considered invalid if the MPE was less than 50% of the maximum 5 

proportional effect. If two consecutive measurements yielded an MPE of less than 50%, the 

experiment was terminated. The specific experimental results were detailed in Table 1. 

[00497] Test Results: 

Table 1: Local anesthetic effect of the compounds of the present application 

Tested Drug Onset Time/min Duration/h 

Compound of Example 1  1 24-48 

Compound of Example 2 1 48-72 

Compound of Example 3 1 48-72 

Compound of Example 4 1 48-72 

Compound of Example 5 1 48-72 

Compound of Example 6 1 24-48 

Compound of Example 7 2 24-48 

Compound of Example 8 1 24-48 

Compound of Example 9 1 24-48 

Compound of Example 10 2 48-72 

Compound of Example 11 1 24-48 

Compound of Example 12 1 24-48 

Compound of Example 13 1 24-48 

Compound of Example 14 2 24-48 

Compound of Example 15 1 24-48 

Compound of Example 16 1 24-48 

Compound of Example 18 2 17 

Compound of Example 19 2 2-18 

Compound of Example 20 1 24-48 

Compound of Example 21 1 19-24 
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Compound of Example 22 1 48-72 

Compound of Example 23 1 48-72 

Compound of Example 24 1 48-72 

Compound of Example 25 1 72-96 

Compound of Example 26 1 24-42 

Compound of Example 27 1 24-48 

Compound of Example 28 1 24-48 

Compound of Example 29 1 24-30 

Compound of Example 30 1 72-96 

Compound of Example 31 1 24-30 

Compound of Example 34 No effect observed 0 

Compound of Example 35 No effect observed 0 

Compound of Example 36 1 30-48 

Compound of Example 37 2 2-18 

Compound of Example 38 1 48-72 

Compound of Example 39 1 72-96 

Compound of Example 40 1 32-48 

Compound of Example 41 2 2-24 

Compound of Example 42 2 2-24 

Compound of Example 43 1 48-72 

Compound of Example 44 1 48-72 

Comparative Example 1 
(Compound 34)

2 1 (the rat died 4 h after administration) 

Levobupivacaine Hydrochloride 3 

[00498] Experimental results demonstrated that at a concentration of 2 mg/ml (equivalent to a 

molar concentration of 3.0 mmol/L to 4.0 mmol/L), the compounds from the examples of the 

present application produced local anesthesia in the sciatic nerve block model for more than 24 

hours (with some exceeding 17 hours). These compounds exhibited a rapid onset of action, and 5 

some provided local anesthesia for over 48 hours. The duration of local anesthesia of these 

compounds was significantly longer than that of the 2 mg/ml bupivacaine control group (equivalent 

to a molar concentration of 6.9 mmol/L). Additionally, the nerve block effect was reversible. 

However, the comparative compound obtained by introducing a heteroatom into the L chain of the 
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compound of the general formula did not produce a local anesthetic effect and was notably toxic 

to rats. Similarly, the compound with L being C3 alkylene also failed to exhibit local anesthetic 

effects. 

[00499] Test Example 2: Local Anesthetic Effect of the Compound of the Present Application by 

Subcutaneous Infiltration 5 

[00500] Experimental Methods: 

[00501] After shaving and disinfecting the backs of SD rats (half male and half female) weighing 

190-210 grams, a circle with a diameter of approximately 1.5 cm was drawn on one side of the 

exposed skin. 0.5 mL of a solution containing the drug was subcutaneously injected into the skin 

in the center. The solution, using physiological saline as the solvent, contained either 2 mg/ml 10 

bupivacaine hydrochloride or 1 mg/ml concentration of the compounds listed in Table 2 of the 

present application. Each group consisted of 10 rats. A Von Frey fiber with a 100-gram force was 

attached to a needle for local skin stimulation. One minute after drug administration, the rat’s 

response to the stimulus was measured. Testing was conducted at 6 different points within the 

marked area of drug administration. Skin contraction, avoidance, and other behaviors following 15 

stimulation were observed and recorded. Three points in the center and three points around the 

circle were stimulated, and the number of skin contraction and avoidance behaviors was recorded 

as N/6. For evaluation: if 4 or more instances of avoidance or skin contraction were observed, the 

drug was considered ineffective; if reactions were observed around the circle (≤3) but not in the 

center (≥1), the drug was considered still effective; if reactions were observed only at the central 20 

point, the drug was deemed ineffective. Each compound was tested on 10 rats. Specific 

experimental results are detailed in Table 2. 

[00502] Experimental Results: 

Table 2 Anesthesia effect of the compounds of the present application by skin infiltration 

Tested Drug Onset Time/min Duration/h 

Compound of Example 1 1 48-72 

Compound of Example 2 1 72-96 

Compound of Example 3 1 72-96 

Compound of Example 4 1 72-96 
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Compound of Example 5 1 72-96 

Compound of Example 6 1 48-72 

Compound of Example 7 2 48-72 

Compound of Example 8 1 48-72 

Compound of Example 9 1 48-72 

Compound of Example 10 2 48-72 

Compound of Example 11 1 48-72 

Compound of Example 12 1 48-72 

Compound of Example 13 1 48-72 

Compound of Example 14 2 48-72 

Compound of Example 15 1 48-72 

Compound of Example 16 1 48-72 

Compound of Example 18 2 24-28 

Compound of Example 22 1 48-72 

Compound of Example 24 1 48-72 

Compound of Example 25 1 72-96 

Compound of Example 26 1 48-72 

Compound of Example 27 1 48-72 

Compound of Example 28 1 48-72 

Compound of Example 30 1 72-96 

Compound of Example 31 1 48-72 

Compound of Example 36 1 48-72 

Compound of Example 38 1 48-72 

Compound of Example 39 1 72-96 

Compound of Example 40 1 48-72 

Compound of Example 44 1 48-72 

Levobupivacaine Hydrochloride 3 

[00503] Experimental results indicated that at a concentration of 1 mg/ml (equivalent to a molar 

concentration of 1.5 mmol/L to 2.0 mmol/L), the compounds listed in the table above from the 

examples of the present application produced local anesthesia for more than 48 hours in the rat 

subcutaneous infiltration model. Some of these compounds provided local anesthesia for over 72 5 
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hours, significantly longer than that of the 2 mg/ml bupivacaine control group (equivalent to a 

molar concentration of 6.9 mmol/L), and exhibited a rapid onset of action. 

[00504] Since local anesthesia lasting more than 72 hours may potentially cause irreversible nerve 

damage, activity tests were subsequently conducted after reducing the concentration of some 

compounds with durations exceeding 72 hours. This was to determine whether the local anesthetic 5 

effect in the skin infiltration model could be restored. 

Table 3: Local anesthetic effect of compounds of the present application by subcutaneous 

infiltration 

Tested Drug Drug Concentration Duration/h 

Compound 3 1 mmol/L 48-72 

0.3 mmol/L 24-48 

Compound 5 1 mmol/L 48-72 

0.3 mmol/L 24-48 

Compound 25 1 mmol/L 48-72 

0.3 mmol/L 24-48 

Compound 30 1 mmol/L 48-72 

0.3 mmol/L 24-48 

Compound 39 1 mmol/L 48-72 

0.3 mmol/L 24-48 

Levobupivacaine 
Hydrochloride

6.9 mmol/L 3 

[00505] Experimental results demonstrated that the compounds in the present disclosure exhibited 10 

a clear dose-effect relationship in the rat subcutaneous infiltration nerve block model. The duration 

of the anesthetic effect increased with the drug dosage. Notably, at a concentration of 0.3 mmol/L, 

the compounds of the present application still provided a local anesthetic effect lasting over 24 

hours in the rat subcutaneous infiltration model, and the anesthetic effect could be restored. 

Test Example 3: Evaluation of Neuropathological Damage of the Compounds of the Present 15 

Application 

[00506] Example compounds 3, 4, 5, 24, 25, 26, 28, 30, 36, 38, 39, levobupivacaine hydrochloride 
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(positive control), and a vehicle control were administered to SD rats (half male and half female) 

weighing 190-210 grams and fully acclimated to the experimental environment, with 8 rats per 

group. 

[00507] Dosing Concentrations: Physiological saline as solvent. 2 mg/mL levobupivacaine 

hydrochloride. Two concentrations of the compounds from the present application: 0.6 mg/mL and 5 

0.2 mg/mL. Vehicle control group: physiological saline. 

[00508] Each rat received an injection at a volume of 1.0 mL near the sciatic nerve. On the 7th 

and 14th days after the injection, the experimental rats were euthanized via cardiac injection of 

levobupivacaine hydrochloride under isoflurane anesthesia. Approximately 1.5 cm of the sciatic 

nerve at the injection site was excised, fixed in 10% formaldehyde for 48 h, stained with HE, and 10 

sectioned into 5 μm thick slices. 

[00509] Example compounds 3, 4, 5, 24, 25, 26, 28, 30, 36, 38, 39, levobupivacaine hydrochloride 

(positive control), and a vehicle control were administered to SD rats (half male and half female) 

weighing 190-210 grams and fully acclimated to the experimental environment, with 8 rats per 

group. 15 

[00510] Dosing Concentrations: Physiological saline as solvent. 2 mg/mL levobupivacaine 

hydrochloride. Two concentrations of the compounds from the present application: 0.6 mg/mL and 

0.2 mg/mL. Vehicle control group: physiological saline. 

[00511] Each rat received a subcutaneous injection at a volume of 0.5 mL on the back. On the 7th 

and 14th days after the injection, the experimental rats were euthanized via cardiac injection of 20 

levobupivacaine hydrochloride under isoflurane anesthesia. Skin tissue at the injection site was 

excised, fixed in 10% formaldehyde for 48 h, stained with HE, and sectioned into 5 μm thick slices. 

[00512] Neuropathological damage assessments revealed that, compared with the 

levobupivacaine hydrochloride positive control and the vehicle control groups, the example 

compounds did not significantly affect nerve damage, vascular proliferation, demyelination, 25 

muscle inflammation, or connective tissue inflammation, exhibiting good safety profiles. 

Test Example 4: Toxicity study of the compounds of the present application at single 

administration  
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[00513] Compounds 3, 4, and 5 were administered to SD rats weighing 190-210 grams and fully 

acclimated to the experimental environment, with 4 rats per group. 

[00514] Administration amount: Using physiological saline as the solvent, the compounds 3, 4, 

and 5 were administered at an amount of 6 mg/kg. 

[00515] Administration method: Each rat was injected with a volume of 1 mL/kg into the tail vein. 5 

[00516] Compounds 3, 4, 5, and levobupivacaine hydrochloride (positive control) were 

administered to SD rats weighing 190-210 grams and fully acclimated to the experimental 

environment, with 4 rats per group. 

[00517] Administration amount: Using physiological saline as the solvent, the compounds 3, 4, 

and 5 were administered at an amount of 100 mg/kg. 10 

[00518] Administration method: Each rat was injected subcutaneously with a volume of 5 mL/kg. 

[00519] The results showed that administration of the compounds of the present application at 6 

mg/kg via tail vein and 100 mg/kg subcutaneously did not produce any notable abnormalities, and 

the rats remained active with no significant differences compared to normal rats. 

[00520] Although the Examples disclosed in the present application are as above, the contents 15 

described are only examples adopted to facilitate understanding of the present application and are 

not intended to limit the present application. Modifications and changes to the form and details of 

implementation can be made by those skilled in the art without departing from the spirit and scope 

of the present application. However, the scope of protection of the present application shall still be 

based on the scope defined by the appended claims. 20 
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CLAIMS 

1. A cyclic quaternary ammonium salt compound represented by formula (I), or a stereoisomer 

or solvate thereof: 

(I)

N
S1

S2X1

O

R1

R2

Y
L

X2
R3

5 

wherein: 

R1 is selected from the group consisting of aryl and heteroaryl, alternatively, R1, together with 

X1, form non-condensed or condensed azacycloalkyl;

R2 is selected from the group consisting of C1-8 alkyl and C3-12 cycloalkyl;

R3 is selected from the group consisting of aryl, heteroaryl, and heterocycloalkyl, alternatively, 10 

R3, together with X2, form condensed azacycloalkyl;

X1 is selected from the group consisting of O, S, and NRA 
4 , wherein RA 

4  is selected from the 

group consisting of hydrogen, deuterium, C1-8 alkyl, C3-8 cycloalkyl, and C1-4 alkoxy C1-4 alkyl, 

alternatively, RA 
4  and the N it is attached to, together with R1, form non-condensed or condensed 

azacycloalkyl;15 

X2 is selected from the group consisting of O, S, and NRB 
4 , wherein RB 

4  is selected from the 

group consisting of hydrogen, deuterium, C1-8 alkyl, C3-8 cycloalkyl, and C1-4 alkoxy C1-4 alkyl, 

alternatively, RB 
4  and the N it is attached to, together with R3, form condensed azacycloalkyl;

L is selected from C1-8 alkylene;

S1 and S2 are each independently selected from the group consisting of a bond and C1-620 

alkylene, with the provision that S1 and S2 are not both bonds; and 

Y- represents a pharmaceutically acceptable anion. 

2. The compound according to claim 1, wherein: 
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R1 is selected from the group consisting of aryl and heteroaryl, alternatively, R1, together with 

X1, form non-condensed or condensed azacycloalkyl; wherein the aryl, the heteroaryl, the non-

condensed azacycloalkyl or the condensed azacycloalkyl is optionally substituted by a group 

selected from the group consisting of C1-6 alkyl, C1-6 alkoxy, cyano, halogen, hydroxyl, amino, 

nitro, ester, mono-C1-6 alkylamino, di-C1-6 alkylamino, C2-4 alkenyl, C2-4 alkynyl, C1-6 haloalkyl, 5 

C1-6 haloalkoxy, and a combination thereof; the condensed azacycloalkyl is condensed by aryl or 

heteroaryl; and/or

R2 is selected from the group consisting of C1-8 alkyl and C3-12 cycloalkyl, wherein the C1-8

alkyl or C3-12 cycloalkyl is optionally substituted by a group selected from the group consisting of 

C1-6 alkyl, C1-6 alkoxy, C1-6 haloalkyl, C3-6 cycloalkyl, halogen, hydroxyl, cyano, amino, and a 10 

combination thereof; and/or

R3 is selected from the group consisting of aryl, heteroaryl, and heterocycloalkyl, alternatively, 

R3, together with X2, form condensed azacycloalkyl; wherein the aryl, the heteroaryl, the 

heterocycloalkyl, or the condensed azacycloalkyl is optionally substituted by a group selected from 

the group consisting of C1-6 alkyl, C1-6 alkoxy, C1-6 alkoxy C1-4 alkyl, C1-6 haloalkyl, C1-6 haloalkoxy, 15 

C3-6 cycloalkyl, halogen, hydroxyl, cyano, amino, ester, nitro, sulfonyl, thiol, mono-C1-6

alkylamino, di-C1-6 alkylamino, C2-4 alkenyl, C2-4 alkynyl, optionally substituted aryl, optionally 

substituted heteroaryl, optionally substituted heterocycloalkyl, and a combination thereof; wherein 

the optionally substituted aryl, the optionally substituted heteroaryl, and the optionally substituted 

heterocycloalkyl refer to unsubstituted aryl, unsubstituted heteroaryl, and unsubstituted 20 

heterocycloalkyl, or are substituted by a group selected from the group consisting of C1-6 alkyl, C1-

6 alkoxy, C1-6 haloalkyl, C1-6 haloalkoxy, C3-6 cycloalkyl, halogen, hydroxyl, cyano, amino, ester, 

nitro, mono-C1-6 alkylamino, di-C1-6 alkylamino, C2-4 alkenyl, C2-4 alkynyl, and a combination 

thereof; the condensed azacycloalkyl is condensed by aryl or heteroaryl; and/or

X1 is selected from the group consisting of O, S, and NRA 
4 , wherein RA 

4  is selected from the 25 

group consisting of hydrogen, deuterium, C1-8 alkyl, C3-8 cycloalkyl, and C1-4 alkoxy C1-4 alkyl, 

alternatively, RA 
4  and the N it is attached to, together with R1, form non-condensed or condensed 

azacycloalkyl; the condensed azacycloalkyl is condensed by aryl or heteroaryl; and/or

X2 is selected from the group consisting of O, S, and NRB 
4 , wherein RB 

4  is selected from the 
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group consisting of hydrogen, deuterium, C1-8 alkyl, C3-8 cycloalkyl, and C1-4 alkoxy C1-4 alkyl, 

alternatively, RB 
4  and the N it is attached to, together with R3, form condensed azacycloalkyl; the 

condensed azacycloalkyl is condensed by aryl or heteroaryl; and/or

L is selected from C1-8 alkylene; wherein the C1-8 alkylene is optionally substituted by a group 

selected from the group consisting of C1-4 alkyl, C1-4 alkoxy, C1-4 haloalkyl, C1-4 haloalkoxy, C3-65 

cycloalkyl, halogen, hydroxy, cyano, amino, ester, nitro, mono-C1-4 alkylamino, di-C1-4 alkylamino, 

C2-4 alkenyl, C2-4 alkynyl, and a combination thereof; and/or

S1 and S2 are each independently selected from the group consisting of a bond and C1-6

alkylene, with the provision that S1 and S2 are not both bonds, wherein the C1-6 alkylene optionally 

contains, on the main chain, one heteroatom selected from the group consisting of O, S, and NR5, 10 

wherein R5 is hydrogen or deuterium. 

3. The compound according to claim 1, wherein R1 is phenyl or naphthyl; wherein the phenyl 

or naphthyl is optionally substituted by a group selected from the group consisting of C1-6 alkyl, 

C1-6 alkoxy, cyano, halogen, hydroxyl, amino, nitro, ester, mono-C1-6 alkylamino, di-C1-6

alkylamino, C2-4 alkenyl, C2-4 alkynyl, C1-6 haloalkyl, C1-6 haloalkoxy, and a combination thereof;15 

or 

R1 is phenyl, and the phenyl is optionally substituted by a group selected from the group 

consisting of methyl, ethyl, n-propyl, isopropyl, n-butyl, sec-butyl, tert-butyl, fluorine, chlorine, 

bromine, iodine, hydroxyl, amino, nitro, carbomethoxy, carboethoxy, and a combination thereof;

or 20 

R1 is selected from the group consisting of phenyl, 2-methylphenyl, 2-methoxyphenyl, 4-

methylphenyl, 4-methoxyphenyl, 4-fluorophenyl, 4-trifluoromethylphenyl, 2-chlorophenyl, 4-

chlorophenyl, 2-bromophenyl, 3-bromophenyl, 4-bromophenyl, 3-hydroxyphenyl, 2,6-

dimethylphenyl, 2,6-dimethoxyphenyl, 3-nitrophenyl, 2,6-difluorophenyl, 3-chloro-2-

methylphenyl, 2,3-dichlorophenyl, 4-hydroxyphenyl, 2,4,6-trimethylphenyl, 2,4,6-25 

trimethoxyphenyl, and 2,4,6-trifluorophenyl, preferably 2,6-dimethylphenyl. 

4. The compound according to claim 1, wherein R2 is selected from the group consisting of 

C1-8 alkyl and C3-8 cycloalkyl; wherein the C1-8 alkyl or C3-8 cycloalkyl is optionally substituted by 

a group selected from the group consisting of C1-6 alkyl, C1-6 alkoxy, C1-6 haloalkyl, C3-6 cycloalkyl, 
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halogen, hydroxyl, cyano, amino, and a combination thereof; or 

R2 is selected from the group consisting of methyl, ethyl, n-propyl, isopropyl, n-butyl, sec-

butyl, tert-butyl, n-pentyl, isopentyl, n-hexyl, cyclopropyl, cyclobutyl, cyclopropylmethyl, 

cyclobutylmethyl, cyclopentylmethyl, n-octyl, and n-heptyl, preferably the group consisting of 

ethyl, n-propyl, n-butyl, n-pentyl, n-hexyl, n-octyl, and n-heptyl, more preferably n-butyl. 5 

5. The compound according to claim 1, wherein R3 is selected from the group consisting of 

aryl, heteroaryl, and three-membered to eight-membered heterocycloalkyl, alternatively, R3, 

together with X2, form condensed azacycloalkyl; wherein the aryl, the heteroaryl, the three-

membered to eight-membered heterocycloalkyl, or the condensed azacycloalkyl is optionally 

substituted by a group selected from the group consisting of C1-6 alkyl, C1-6 alkoxy, C1-6 alkoxy, C1-10 

4 alkyl, C1-6 haloalkyl, C1-6 haloalkoxy, C3-6 cycloalkyl, halogen, hydroxyl, cyano, amino, ester, 

nitro, sulfonyl, thiol, mono-C1-6 alkylamino, di-C1-6 alkylamino, C2-4 alkenyl, C2-4 alkynyl, 

optionally substituted phenyl, and a combination thereof; wherein the optionally substituted phenyl 

refers to unsubstituted phenyl, or is substituted by a group selected from the group consisting of 

C1-6 alkyl, C1-6 alkoxy, C1-6 haloalkyl, C1-6 haloalkoxy, C3-6 cycloalkyl, halogen, hydroxy, cyano, 15 

amino, ester, nitro, mono-C1-6 alkylamino, di-C1-6 alkylamino, C2-4 alkenyl, C2-4 alkynyl, and a 

combination thereof; the condensed azacycloalkyl is condensed with phenyl or heteroaryl; or 

R3 is selected from the group consisting of phenyl, 4-fluorobenzyl, 2-methylphenyl, 2-

methoxyphenyl, 2-fluorophenyl, 2-chlorophenyl, 2-bromophenyl, 2-hydroxyphenyl, 3-

methylphenyl, 3-methoxyphenyl, 3-fluorophenyl, 3-chlorophenyl, 3-bromophenyl, 3-20 

hydroxyphenyl, 4-methylphenyl, 4-methoxyphenyl, 4-fluorophenyl, 4-chlorophenyl, 4-

bromophenyl, 4-hydroxyphenyl, 4-trifluoromethylphenyl, 2,4-dimethylphenyl, 2,4-

dimethoxyphenyl, 2,4-difluorophenyl, 2,4-dichlorophenyl, 2,4-dihydroxyphenyl, 2,6-

dimethylphenyl, 2,6-dimethoxyphenyl, 2,6-difluorophenyl, 2,6-dichlorophenyl, 2,6-

dihydroxyphenyl, 2,4,6-trimethylphenyl, 2,4,6-trimethoxyphenyl, 2,4,6-trifluorophenyl, 2-amino-25 

5-fluorophenyl, 2-isopropyl-5-methylphenyl, 4-cyanophenyl, 4-ethoxycarbonylphenyl, 2,6-di-tert-

butyl-4-methylphenyl, 4-nitrophenyl, and 4-sulfonylphenyl; alternatively, R3, together with X2, 

form condensed piperidinyl, condensed piperazinyl, or condensed pyrrolidinyl, wherein the 

condensed piperidinyl, the condensed piperazinyl, or the condensed pyrrolidinyl is condensed with 

a group selected from the group consisting of phenyl, thienyl, furanyl, pyrrolyl, thiazolyl, 30 
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isothiazolyl, imidazolyl, triazolyl, pyridinyl, and pyrimidinyl; and the condensed piperidinyl, the 

condensed piperazinyl or the condensed pyrrolidinyl is optionally substituted by a group selected 

from the group consisting of methyl, ethyl, n-propyl, isopropyl, n-butyl, sec-butyl, tert-butyl, 

fluorine, chlorine, bromine, iodine, hydroxyl, amino, nitro, carbomethoxy, carboethoxy, phenyl, 

substituted phenyl, and a combination thereof; or 5 

R3 is selected from the group consisting of phenyl, 2-methylphenyl, 3-methylphenyl, 4-

methylphenyl, 4-fluorophenyl, 2-amino-5-fluorophenyl, 2-isopropyl-5-methylphenyl, 4-

cyanophenyl, 4-ethoxycarbonylphenyl, 2,6-di-tert-butyl-4-methylphenyl, 4-nitrophenyl, 4-

sulfonylphenyl, and 4-hydroxyphenyl; alternatively, R3, together with X2, form imidazopiperazinyl, 

thienopiperazinyl, or pyrrolopiperazinyl; optionally, the imidazopiperazinyl, thienopiperazinyl, or 10 

pyrrolopiperazinyl is substituted by a group selected from the group consisting of methyl, ethyl, n-

propyl, isopropyl, n-butyl, sec-butyl, tert-butyl, fluorine, chlorine, bromine, iodine, hydroxyl, 

amino, nitro, carbomethoxy, carboethoxy, phenyl, and a combination thereof. 

6. The compound according to claim 1, wherein L is selected from the group consisting of C3-

6 alkylene; wherein the C3-6 alkylene is optionally substituted by a group selected from the group 15 

consisting of C1-4 alkyl, C1-4 alkoxy, C1-4 haloalkyl, C1-4 haloalkoxy, C3-6 cycloalkyl, halogen, 

hydroxyl, cyano, amino, ester, nitro, mono-C1-4 alkylamino, di-C1-4 alkylamino, C2-4 alkenyl, C2-4

alkynyl, and a combination thereof; or 

L is selected from the group consisting of -(CH2)3-, -(CH2)4-, -(CH2)5-, -(CH2)6-, and -

(CH2)2CHCH3(CH2)2-, preferably -(CH2)4- or -(CH2)5-. 20 

7. The compound according to claim 1, wherein L is not C3 alkylene. 

8. The compound according to claim 1, wherein: 

R1 is selected from the group consisting of aryl and heteroaryl, alternatively, R1, together with 

X1, form non-condensed or condensed azacycloalkyl; wherein the aryl, the heteroaryl, the non-

condensed azacycloalkyl or the condensed azacycloalkyl is optionally substituted by a group 25 

selected from the group consisting of C1-6 alkyl, C1-6 alkoxy, cyano, halogen, hydroxyl, amino, 

nitro, ester, mono-C1-6 alkylamino, di-C1-6 alkylamino, C2-4 alkenyl, C2-4 alkynyl, C1-6 haloalkyl, 

C1-6 haloalkoxy, and a combination thereof; the condensed azacycloalkyl is condensed by aryl or 

heteroaryl; and/or
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R2 is selected from the group consisting of C1-8 alkyl and C3-12 cycloalkyl, wherein the C1-8

alkyl or C3-12 cycloalkyl is optionally substituted by a group selected from the group consisting of 

C1-6 alkyl, C1-6 alkoxy, C1-6 haloalkyl, C3-6 cycloalkyl, halogen, hydroxyl, cyano, amino, and a 

combination thereof; and/or

R3 is selected from the group consisting of aryl, heteroaryl, and heterocycloalkyl, alternatively, 5 

R3, together with X2, form condensed azacycloalkyl; wherein the aryl, the heteroaryl, the 

heterocycloalkyl, or the condensed azacycloalkyl is optionally substituted by a group selected from 

the group consisting of C1-6 alkyl, C1-6 alkoxy, C1-6 alkoxy C1-4 alkyl, C1-6 haloalkyl, C1-6 haloalkoxy, 

C3-6 cycloalkyl, halogen, hydroxyl, cyano, amino, C1-6 alkanoyl, ester, nitro, sulfonyl, thiol, mono-

C1-6 alkylamino, di-C1-6 alkylamino, C2-4 alkenyl, C2-4 alkynyl, optionally substituted aryl, 10 

optionally substituted heteroaryl, optionally substituted heterocycloalkyl, and a combination 

thereof; optionally, adjacent substituents, together with the atoms they are attached to, form a ring; 

wherein the optionally substituted aryl, the optionally substituted heteroaryl, and the optionally 

substituted heterocycloalkyl refer to unsubstituted aryl, unsubstituted heteroaryl, and unsubstituted 

heterocycloalkyl, or are substituted by a group selected from the group consisting of C1-6 alkyl, C1-15 

6 alkoxy, C1-6 haloalkyl, C1-6 haloalkoxy, C3-6 cycloalkyl, halogen, hydroxyl, cyano, amino, C1-6

alkanoyl, ester, nitro, mono-C1-6 alkylamino, di-C1-6 alkylamino, C2-4 alkenyl, C2-4 alkynyl, and a 

combination thereof; the condensed azacycloalkyl is condensed by aryl or heteroaryl; and/or

X1 is selected from the group consisting of O, S, and NRA 
4 , wherein RA 

4  is selected from the 

group consisting of hydrogen, deuterium, C1-8 alkyl, C3-8 cycloalkyl, and C1-4 alkoxy C1-4 alkyl, 20 

alternatively, RA 
4  and the N it is attached to, together with R1, form non-condensed or condensed 

azacycloalkyl; the condensed azacycloalkyl is condensed by aryl or heteroaryl; and/or

X2 is selected from the group consisting of O, S, and NRB 
4 , wherein RB 

4  is selected from the 

group consisting of hydrogen, deuterium, C1-8 alkyl, C3-8 cycloalkyl, and C1-4 alkoxy C1-4 alkyl, 

alternatively, RB 
4  and the N it is attached to, together with R3, form condensed azacycloalkyl; the 25 

condensed azacycloalkyl is condensed by aryl or heteroaryl; and/or

L is selected from C1-8 alkylene, with the provision that L is not C3 alkylene; wherein the C1-

8 alkylene is optionally substituted by a group selected from the group consisting of C1-4 alkyl, C1-

4 alkoxy, C1-4 haloalkyl, C1-4 haloalkoxy, C3-6 cycloalkyl, halogen, hydroxy, cyano, amino, ester, 
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nitro, mono-C1-4 alkylamino, di-C1-4 alkylamino, C2-4 alkenyl, C2-4 alkynyl, and a combination 

thereof; and/or 

S1 and S2 are each independently selected from the group consisting of a bond and C1-6

alkylene, with the provision that S1 and S2 are not both bonds, wherein the C1-6 alkylene optionally 

contains, on the main chain, one heteroatom selected from the group consisting of O, S, and NR5, 5 

wherein R5 is hydrogen or deuterium. 

9. The compound according to claim 1, wherein R1 is phenyl or naphthyl; the phenyl or 

naphthyl is optionally substituted by a group selected from the group consisting of C1-6 alkyl, C1-6

alkoxy, cyano, halogen, hydroxyl, amino, nitro, ester, mono-C1-6 alkylamino, di-C1-6 alkylamino, 

C2-4 alkenyl, C2-4 alkynyl, C1-6 haloalkyl, C1-6 haloalkoxy, and a combination thereof; or 10 

R1 is phenyl, and the phenyl is optionally substituted by a group selected from the group 

consisting of methyl, ethyl, n-propyl, isopropyl, n-butyl, sec-butyl, tert-butyl, fluorine, chlorine, 

bromine, iodine, hydroxyl, amino, nitro, carbomethoxy, carboethoxy, and a combination thereof;

or 

R1 is selected from the group consisting of phenyl, 2-methylphenyl, 2-methoxyphenyl, 4-15 

methylphenyl, 4-methoxyphenyl, 4-fluorophenyl, 4-trifluoromethylphenyl, 2-chlorophenyl, 4-

chlorophenyl, 2-bromophenyl, 3-bromophenyl, 4-bromophenyl, 3-hydroxyphenyl, 2,6-

dimethylphenyl, 2,6-diethylphenyl, 2,6-dimethoxyphenyl, 3-nitrophenyl, 2,6-difluorophenyl, 2,6-

dibromophenyl, 3-chloro-2-methylphenyl, 2,3-dichlorophenyl, 4-hydroxyphenyl, 2,4,6-

trimethylphenyl, 2,4,6-trimethoxyphenyl, and 2,4,6-trifluorophenyl, preferably the group 20 

consisting of 2-methylphenyl, 4-fluorophenyl, 2,6-dibromophenyl, 2,6-diethylphenyl, and 2,6-

dimethylphenyl, more preferably 2,6-dimethylphenyl. 

10. The compound according to claim 1, wherein R2 is selected from the group consisting of 

C1-8 alkyl and C3-8 cycloalkyl; wherein the C1-8 alkyl or C3-8 cycloalkyl is optionally substituted by 

a group selected from the group consisting of C1-6 alkyl, C1-6 alkoxy, C1-6 haloalkyl, C3-6 cycloalkyl, 25 

halogen, hydroxyl, cyano, amino, and a combination thereof; or 

R2 is selected from the group consisting of methyl, ethyl, n-propyl, isopropyl, n-butyl, sec-

butyl, isobutyl, tert-butyl, n-pentyl, isopentyl, 4-methylpentyl, n-hexyl, cyclopropyl, cyclobutyl, 

cyclopropylmethyl, cyclobutylmethyl, cyclopentylmethyl, n-octyl, and n-heptyl, preferably the 
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group consisting of ethyl, n-propyl, n-butyl, isobutyl, n-pentyl, 4-methylpentyl, n-hexyl, n-octyl, 

and n-heptyl, more preferably the group consisting of n-butyl, isobutyl, and 4-methylpentyl, and 

particularly preferably n-butyl. 

11. The compound according to claim 1, wherein R3 is selected from the group consisting of 

aryl, heteroaryl, and three-membered to eight-membered heterocycloalkyl, alternatively, R3, 5 

together with X2, form condensed azacycloalkyl; wherein the aryl, the heteroaryl, the three-

membered to eight-membered heterocycloalkyl, or the condensed azacycloalkyl is optionally 

substituted by a group selected from the group consisting of C1-6 alkyl, C1-6 alkoxy, C1-6 alkoxy, C1-

4 alkyl, C1-6 haloalkyl, C1-6 haloalkoxy, C3-6 cycloalkyl, halogen, hydroxyl, cyano, amino, C1-6

alkanoyl, ester, nitro, sulfonyl, thiol, mono-C1-6 alkylamino, di-C1-6 alkylamino, C2-4 alkenyl, C2-410 

alkynyl, optionally substituted phenyl, and a combination thereof; optionally, adjacent substituents, 

together with the atoms they are attached to, form a ring; wherein the optionally substituted phenyl 

refers to unsubstituted phenyl, or is substituted by a group selected from the group consisting of 

C1-6 alkyl, C1-6 alkoxy, C1-6 haloalkyl, C1-6 haloalkoxy, C3-6 cycloalkyl, halogen, hydroxy, cyano, 

amino, ester, nitro, mono-C1-6 alkylamino, di-C1-6 alkylamino, C2-4 alkenyl, C2-4 alkynyl, and a 15 

combination thereof; the condensed azacycloalkyl is condensed with phenyl or heteroaryl; or 

R3 is selected from the group consisting of phenyl, 4-fluorobenzyl, 2-methylphenyl, 2-

methoxyphenyl, 2-fluorophenyl, 2-chlorophenyl, 2-bromophenyl, 2-hydroxyphenyl, 3-

methylphenyl, 3-methoxyphenyl, 3-fluorophenyl, 3-chlorophenyl, 3-bromophenyl, 3-

hydroxyphenyl, 3-cyanophenyl, 3-trifluoromethylphenyl, 4-methylphenyl, 4-methoxyphenyl, 4-20 

fluorophenyl, 4-chlorophenyl, 4-bromophenyl, 4-hydroxyphenyl, 4-trifluoromethylphenyl, 2,4-

dimethylphenyl, 2,4-dimethoxyphenyl, 2,4-difluorophenyl, 2,4-dichlorophenyl, 2,4-

dihydroxyphenyl, 3,4-difluorophenyl, 3,4-dichlorophenyl, 3,5-difluorophenyl, 2,6-dimethylphenyl, 

2,6-dimethoxyphenyl, 2,6-difluorophenyl, 2,6-dichlorophenyl, 2,6-dihydroxyphenyl, 2,4,6-

trimethylphenyl, 2,4,6-trimethoxyphenyl, 2,4,6-trifluorophenyl, 2-amino-5-fluorophenyl, 2-25 

isopropyl-5-methylphenyl, 4-cyanophenyl, 4-ethoxycarbonylphenyl, 2,6-di-tert-butyl-4-

methylphenyl, 4-nitrophenyl, 4-sulfonylphenyl, 2,2-dimethyl-2,3-dihydrobenzofuran-7-yl, 

naphthyl, and 6-acetylnaphth-2-yl; alternatively, R3, together with X2, form condensed piperidinyl, 

condensed piperazinyl, or condensed pyrrolidinyl, wherein the condensed piperidinyl, the 

condensed piperazinyl, or the condensed pyrrolidinyl is condensed with a group selected from the 30 
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group consisting of phenyl, thienyl, furanyl, pyrrolyl, thiazolyl, isothiazolyl, imidazolyl, triazolyl, 

pyridinyl, and pyrimidinyl; and the condensed piperidinyl, the condensed piperazinyl or the 

condensed pyrrolidinyl is optionally substituted by a group selected from the group consisting of 

methyl, ethyl, n-propyl, isopropyl, n-butyl, sec-butyl, tert-butyl, fluorine, chlorine, bromine, iodine, 

hydroxyl, amino, nitro, carbomethoxy, carboethoxy, phenyl, substituted phenyl, and a combination 5 

thereof; or

R3 is selected from the group consisting of phenyl, 2-methylphenyl, 3-methylphenyl, 4-

methylphenyl, 4-fluorophenyl, 3-cyanophenyl, 3-trifluoromethylphenyl, 3,4-difluorophenyl, 3,4-

dichlorophenyl, 3,5-difluorophenyl, 2-amino-5-fluorophenyl, 2-isopropyl-5-methylphenyl, 4-

cyanophenyl, 4-ethoxycarbonylphenyl, 2,6-di-tert-butyl-4-methylphenyl, 4-nitrophenyl, 4-10 

sulfonylphenyl, 4-hydroxyphenyl, 2,2-dimethyl-2,3-dihydrobenzofuran-7-yl, and 6-acetylnaphth-

2-yl; alternatively, R3, together with X2, form imidazopiperazinyl, thienopiperazinyl, or 

pyrrolopiperazinyl; optionally, the imidazopiperazinyl, thienopiperazinyl, or pyrrolopiperazinyl is 

substituted by a group selected from the group consisting of methyl, ethyl, n-propyl, isopropyl, n-

butyl, sec-butyl, tert-butyl, fluorine, chlorine, bromine, iodine, hydroxyl, amino, nitro, 15 

carbomethoxy, carboethoxy, phenyl, and a combination thereof. 

12. The compound according to claim 1, wherein L is selected from C3-6 alkylene, with the 

provision that L is not C3 alkylene; wherein the C3-6 alkylene is optionally substituted by a group 

selected from the group consisting of C1-4 alkyl, C1-4 alkoxy, C1-4 haloalkyl, C1-4 haloalkoxy, C3-6

cycloalkyl, halogen, hydroxyl, cyano, amino, ester, nitro, mono-C1-4 alkylamino, di-C1-420 

alkylamino, C2-4 alkenyl, C2-4 alkynyl, and a combination thereof; or 

L is selected from the group consisting of -(CH2)4-, -(CH2)5-, -(CH2)6-, and -

(CH2)2CHCH3(CH2)2-, preferably -(CH2)4- or -(CH2)5-. 

13. The compound according to claim 1, wherein X1 is selected from the group consisting of 

O, NH, NCH3, NCH2CH3, and N(CH2)2CH3, preferably, X1 is NH. 25 

14. The compound according to claim 1, wherein X2 is selected from the group consisting of 

O, NH, NCH3, NCH2CH3, and N(CH2)2CH3, alternatively, X2, together with R3, form condensed 

piperidinyl, condensed piperazinyl or condensed pyrrolidinyl, wherein the condensed piperidinyl, 

the condensed piperazinyl or the condensed pyrrolidinyl is condensed with a group selected from 
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the group consisting of phenyl, thienyl, furanyl, pyrrolyl, thiazolyl, isothiazolyl, imidazolyl, 

triazolyl, pyridinyl, and pyrimidinyl; and the condensed piperidinyl, the condensed piperazinyl or 

the condensed pyrrolidinyl is optionally substituted by a group selected from the group consisting 

of methyl, ethyl, n-propyl, isopropyl, n-butyl, sec-butyl, tert-butyl, fluorine, chlorine, bromine, 

iodine, hydroxyl, amino, nitro, carbomethoxy, carboethoxy, phenyl, substituted phenyl, and a 5 

combination thereof;

preferably, X2 is O or NH, alternatively, X2, together with R3, form imidazopiperazinyl, 

thienopiperazinyl, or pyrrolopiperazinyl; optionally, the imidazopiperazinyl, thienopiperazinyl, or 

pyrrolopiperazinyl is substituted by a group selected from the group consisting of methyl, ethyl, n-

propyl, isopropyl, n-butyl, sec-butyl, tert-butyl, fluorine, chlorine, bromine, iodine, hydroxyl, 10 

amino, nitro, carbomethoxy, carboethoxy, phenyl, and a combination thereof. 

15. The compound according to claim 1, wherein when one of S1 and S2 is a bond, the other 

is selected from the group consisting of -(CH2)2-, -(CH2)3-, -(CH2)4-, -(CH2)5-, and -(CH2)6-. 

16. The compound according to claim 1, wherein Y- is selected from the group consisting of 

a halogen anion, sulfate, acetate, tartrate, p-toluenesulfonate, methanesulfonate, and citrate, 15 

preferably the group consisting of Cl-, Br-, and CH3COO-; more preferably Br-. 

17. The compound according to any one of claims 1 to 6 and 13 to 16, wherein the compound 

represented by formula (I) is a compound represented by formula (IV): 

wherein X1 is NRA 
4 , wherein RA 

4  is selected from the group consisting of hydrogen, deuterium, 20 

C1-8 alkyl, C3-8 cycloalkyl, and C1-4 alkoxy C1-4 alkyl, preferably X1 is NH;

X2 is selected from the group consisting of O, S and NRB 
4 , wherein RB 

4  is selected from the 

group consisting of hydrogen, deuterium, C1-8 alkyl, C3-8 cycloalkyl, and C1-4 alkoxy C1-4 alkyl; 

preferably X2 is selected from the group consisting of O, NH, NCH3, NCH2CH3, and N(CH2)2CH3, 
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more preferably X2 is O or NH;

R6, R7, R8, R9, and R10 are each independently selected from the group consisting of hydrogen, 

fluorine, chlorine, bromine, iodine, hydroxyl, cyano, nitro, amino, ester, C1-4 alkyl, C1-4 alkoxy, and 

C1-4 alkoxyC1-4 alkyl;

R1, R2, L and Y- are as defined in formula (I) according to any one of claims 1 to 6, 13 to 16. 5 

18. The compound according to any one of claims 7 to 12, wherein the compound represented 

by formula (I) is a compound represented by formula (IV): 

wherein X1 is NRA 
4 , wherein RA 

4  is selected from the group consisting of hydrogen, deuterium, 

C1-8 alkyl, C3-8 cycloalkyl, and C1-4 alkoxy C1-4 alkyl, preferably X1 is NH;10 

X2 is selected from the group consisting of O, S and NRB 
4 , wherein RB 

4  is selected from the 

group consisting of hydrogen, deuterium, C1-8 alkyl, C3-8 cycloalkyl, and C1-4 alkoxy C1-4 alkyl; 

preferably X2 is selected from the group consisting of O, NH, NCH3, NCH2CH3, and N(CH2)2CH3, 

more preferably X2 is O or NH;

R6, R7, R8, R9, and R10 are each independently selected from the group consisting of hydrogen, 15 

fluorine, chlorine, bromine, iodine, hydroxyl, cyano, nitro, amino, ester, C1-4 alkyl, C1-4 alkoxy, and 

C1-4 alkoxy C1-4 alkyl, and optionally, adjacent substituents, together with the atoms they are 

attached to, form a ring;

R1, R2, L and Y- are as defined in formula (I) according to any one of claims 7 to 12. 

19. The compound according to any one of claims 1 to 6 and 13 to 16, wherein the compound 20 

represented by formula (I) is a compound represented by formula (V): 
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wherein X1 is NRA 
4 , wherein RA 

4  is selected from the group consisting of hydrogen, deuterium, 

C1-8 alkyl, C3-8 cycloalkyl, and C1-4 alkoxy C1-4 alkyl, preferably X1 is NH;

X2 is selected from the group consisting of O, S and NRB 
4 , wherein RB 

4  is selected from the 

group consisting of hydrogen, deuterium, C1-8 alkyl, C3-8 cycloalkyl, and C1-4 alkoxy C1-4 alkyl, 5 

preferably X2 is selected from the group consisting of O, NH, NCH3, NCH2CH3, and N(CH2)2CH3, 

more preferably X2 is O or NH;

R6, R7, R8, R9, and R10 are each independently selected from the group consisting of hydrogen, 

fluorine, chlorine, bromine, iodine, hydroxyl, cyano, nitro, amino, ester, C1-4 alkyl, C1-4 alkoxy, and 

C1-4 alkoxy C1-4 alkyl;10 

R1, R2, L and Y- are as defined in formula (I) according to any one of claims 1 to 6 and 13 to 

16. 

20. The compound according to any one of claims 7 to 12, wherein the compound represented 

by formula (I) is a compound represented by formula (V): 

15 

wherein X1 is NRA 
4 , wherein RA 

4  is selected from the group consisting of hydrogen, deuterium, 

C1-8 alkyl, C3-8 cycloalkyl, and C1-4 alkoxy C1-4 alkyl, preferably X1 is NH;

X2 is selected from the group consisting of O, S and NRB 
4 , wherein RB 

4  is selected from the 

group consisting of hydrogen, deuterium, C1-8 alkyl, C3-8 cycloalkyl, and C1-4 alkoxy C1-4 alkyl, 

preferably X2 is selected from the group consisting of O, NH, NCH3, NCH2CH3, and N(CH2)2CH3, 20 
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more preferably X2 is O or NH;

R6, R7, R8, R9, and R10 are each independently selected from the group consisting of hydrogen, 

fluorine, chlorine, bromine, iodine, hydroxyl, cyano, nitro, amino, ester, C1-4 alkyl, C1-4 alkoxy, and 

C1-4 alkoxy C1-4 alkyl, and optionally, adjacent substituents, together with the atoms they are 

attached to, form a ring;5 

R1, R2, L and Y- are as defined in formula (I) according to any one of claims 7 to 12. 

21. The compound according to any one of claims 1 to 16, wherein the compound represented 

by formula (I) is a compound represented by formula (VI): 

wherein X1 is NRA 
4 , wherein RA 

4  is selected from the group consisting of hydrogen, deuterium, 10 

C1-8 alkyl, C3-8 cycloalkyl, and C1-4 alkoxy C1-4 alkyl, preferably X1 is NH;

X3 is C or N;

R10 is selected from the group consisting of hydrogen, C1-4 alkyl, C1-4 alkoxy, C1-4 alkoxy C1-

4 alkyl, and aryl, wherein the aryl is optionally substituted by a group selected from the group 

consisting of fluorine, chlorine, bromine, iodine, hydroxyl, cyano, nitro, amino, ester, C1-4 alkyl, 15 

C1-4 alkoxy, and C1-4 alkoxy C1-4 alkyl;

R1, R2, L and Y- are as defined in formula (I) according to any one of claims 1 to 16. 

22. The compound according to any one of claims 1 to 6 and 13 to 16, wherein the compound 

represented by formula (I) is a compound represented by formula (VII): 

20 
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wherein X2 is selected from the group consisting of O, S and NRB 
4 , wherein RB 

4  is selected 

from the group consisting of hydrogen, deuterium, C1-8 alkyl, C3-8 cycloalkyl, and C1-4 alkoxy C1-4

alkyl, preferably X2 is selected from the group consisting of O, NH, NCH3, NCH2CH3, and 

N(CH2)2CH3, more preferably X2 is O or NH;

R6, R7, R8, R9, and R10 are each independently selected from the group consisting of hydrogen, 5 

fluorine, chlorine, bromine, iodine, hydroxyl, cyano, nitro, amino, ester, C1-4 alkyl, C1-4 alkoxy, and 

C1-4 alkoxy C1-4 alkyl;

L and Y- are as defined in formula (I) according to any one of claims 1 to 6 and 13 to 16. 

23. The compound according to any one of claims 7 to 12, wherein the compound represented 

by formula (I) is a compound represented by formula (VII): 10 

wherein X2 is selected from the group consisting of O, S and NRB 
4 , wherein RB 

4  is selected 

from the group consisting of hydrogen, deuterium, C1-8 alkyl, C3-8 cycloalkyl, and C1-4 alkoxy C1-4

alkyl, preferably X2 is selected from the group consisting of O, NH, NCH3, NCH2CH3, and 

N(CH2)2CH3, more preferably X2 is O or NH;15 

R6, R7, R8, R9, and R10 are each independently selected from the group consisting of hydrogen, 

fluorine, chlorine, bromine, iodine, hydroxyl, cyano, nitro, amino, ester, C1-4 alkyl, C1-4 alkoxy, and 

C1-4 alkoxy C1-4 alkyl, and optionally, adjacent substituents, together with the atoms they are 

attached to, form a ring;

L and Y- are as defined in formula (I) according to any one of claims 7 to 12. 20 

24. The compound according to claim 1, which is selected from the group consisting of: 
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. 

25. The compound according to claim 24, which is selected from the group consisting of: 
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. 

26. A method for producing the compound according to claim 1 or the stereoisomer or solvate 

thereof, comprising: 

reacting the compound represented by formula (II) with the compound represented by formula 5 

(III) to obtain the compound represented by formula (I);

wherein, Z in formula (II) is an electron-withdrawing leaving group, and the groups in formula 

(II) and formula (III) are defined as in formula (I). 

27. A pharmaceutical composition comprising the compound according to any one of claims 

1 to 25 or the stereoisomer or solvate thereof and a pharmaceutically acceptable carrier, excipient 10 

or diluent. 

28. Use of the compound according to any one of claims 1 to 25 or the stereoisomer or solvate 

thereof or the pharmaceutical composition according to claim 27 in the manufacture of a 

medicament for local anesthesia or analgesia. 

29. The use according to claim 28, wherein the local anesthesia is selected from the group 15 
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consisting of conduction anesthesia, surface anesthesia, and infiltration anesthesia; and the 

analgesia is suitable for pain selected from the group consisting of chronic pain, acute pain, 

inflammatory pain, cancer pain, neuropathic pain, musculoskeletal pain, primary pain, intestinal 

pain, and idiopathic pain. 

30. The use according to claim 28, wherein the medicament is administered topically via 5 

transdermal, subcutaneous, intradermal, intramuscular, near nerves, intrapulpal, intraspinal, 

epidural, intravenous, or mucosal routes such as eye drops. 

31. A method of local anesthesia or analgesia, comprising administering to a subject in need 

thereof a therapeutically effective amount of the compound according to any one of claims 1 to 25 

or the stereoisomer or solvate thereof, or the pharmaceutical composition according to claim 27. 10 

32. The method according to claim 31, wherein the administration is topical administration 

via transdermal, subcutaneous, intradermal, intramuscular, near nerves, intrapulpal, intraspinal, 

epidural, intravenous, or mucosal routes such as eye drops. 


