0P1312-10-0033 12/94-0é8Method of Synthesizing Levorotatory P-hydroxyphenylthcine Compounds
FIELD OF THE INVENTION [1] The present invention relates to the field of chemical synthesis,
particularlytoamethodofsynthesizinglevorotatory p-hydroxyphenylglycine compounds. BACKGROUND
OF THE INVENTION [2] Levorotary p-hydroxyphenylglycine, which is abbreviated as D-HPG has a
chemical name of D-a-amino p-hydroxyphenylacetjgacid, and the structural formula thereof is shown
in formula 1. OH

A Method of Synthesizing Levorotatory

p-hydroxyphenylglycine Compounds

FIELD OF THE INVENTION

[01] The present invention relates to the field of chemical synthesis,
particularly to a  method of  synthesizing levorotatory
p-hydroxyphenylglycine compounds.

BACKGROUND OF THE INVENTION

[02] Levorotary p-hydroxyphenylglycine, which is abbreviated as
D-HPG, has a chemical name of D-a-amino p-hydroxyphenylacetic acid,

and the structural formula thereof is shown in formula I.

OH

HN* “COOH

Formula I
[03] Levorotary p-hydroxyphenylglycine is a very important medical
intermediate, mainly for the semisynthesis of B-lactam antibiotics. There is
no natural product for levorotatory p-hydroxyphenylglycine, which must be
obtained by synthetic methods, the synthetic methods thereof are largely
divided into two categories: one category is bio-enzymatic catalysis method,
which selectively synthesizes D-HPG, such method has a high selectivity

and a short synthetic route, however, it is difficult to promote a large-scale



HN uOOH Feypydaol 1 §3jdasvorotary p-hydroxyphenylglycine is a very important medical intermediate,
mainly for the semisynthesis of 13-lactam antibiotics. There is no natural product for levorotatory
p-hydroxyphenylglycine, which must be obtained by synthetic methods, the synthetic methods thereof
are largely divided into two categories: one category is bio-enzymatic catalysis method, which
selectively synthesizes D-I-IPQ such method has g41gh selectivity and a short synthetic route,
however, it is difficult to promote a large-scale 0P1312-10-0035 - 2/54 - industrialized production of
this methodndustiahedsioprpdalaizmtedd] tulsutingtheshiatis diod thet thelpgidattioncpeoie@dss of the
raw material p-hydroxyphenylhydantoin will produce a large amount of high concentration
phenol-contaifing masieobiéansanathehadtegoryis dhefiealspouasis Metbogh WO rAXeeRRIE:
W02009/127446, EP0530879A1, EPO45 06 84A 1, CN200 8 1 0054625 . 0, CN921028 63 .6, and

CN200610 ] f thesizi | - T ical
synthesis n%%%%?@géﬁg né@(t)‘@gén Sl(éagg)dggggﬁ%gcnhdﬁgﬁgglﬁPogw%@gg}%tc?%ﬁtﬁ{gﬁ:ntly itis a

commonly used methad for heggl(/justrialized production of D-HPG in China, such method fjrst
prepares DEQGSRNHAY YR FESHIYHEIW BRIGPHARG 191 GHeEA At KAot have too
much application value, parts of which revert to D-HPG after racemization processings, and such

method hasyithdsahtageetbbidng fechneisginal eouteVAAA XM pRIA#E, opEBAHOR 0&E9OBUMMARY OF
THE INVENTION [4] In view of this, the present invention provides a method of synthesizing

levorotatonBPO¥§EB8HACNYIglyCiNENODORLOS ABS Dethod efiNgatEsRESEsequenirocesses of
resolution, racemization processings, etc., simplifies the operational steps, and the ee (enantiomeric

excess) Va'%@g@%’%’ggﬁ%isﬁk@lo@éTﬁq@ﬁ%ed’se a7 AN BUAARE Sl N ERETRERE Invention,

the present

DL-HPG. The chemical synthesis method has advantages of simple
production technology, low costs, etc., and currently it is a commonly used
method for the industrialized production of D-HPG in China, such method
first prepares DL-HPG, and then resolves it to obtain D-HPG. However,
L-HPG currently does not have too much application value, parts of which
revert to D-HPG after racemization processings, and such method has

disadvantages of long technological route, and complicated operation, etc.

SUMMARY OF THE INVENTION

[04] In view of this, the present invention provides a method of
synthesizing levorotatory p-hydroxyphenylglycine compounds. This
method eliminates the subsequent processes of resolution, racemization
processings, etc., simplifies the operational steps, and the ee (enantiomeric
excess) value of the end product is high.

[05] To achieve the above purposes of the present invention, the present



- 3/54 - inveigors proMdessthe following technical solutions: [6] The present invention provides a
method of synthesizing levorotatory p-hydroxyphenylglycine compounds, comprising the following
steps: [7] step 1: the compound of formula Il and the compound of formula Il undergo nucleophilic
addition reaction in a first solvent, to produce the compound of formula 1V; wherein the first solvent is
selected from the group consisting of ether solveny;sster solvent, haloalkane solvent, C5-C10
hydrocarbon solvent, nitrile solvent, ketone solvent; [8] As a preference, the first solvent is selected
from the grmﬁ%ﬁmmgwﬂeﬂn‘dﬁsﬁlﬂmméﬁshmaﬂ, srllotiasie solvent, C5-Ci0 hydrocarbon
solvent, nitrile solvent. [9] As a preference, the ether solvent is selected from the group consisting of

diethyl ether,[gigropiileshepréseiioxaneereisahygiofuidss [H0] Asethoréfersnceyiid@sitengolvent is
selected from the group consisting of ethyl acetate, methyl acetate, propyl acetate, tert butyl acetate,

o cichloror S IeuRs Dlor DS ey CAGD JEGH oethand LA e a AR e R-C10

hydrocarbo?ﬁiglvent IS selected from the group consisting of benzene, toluene, and xylene [13] As a
preference HNEHIS SEARSht is selected from the group OP1312-10-0035

[07] step 1: the compound of formula II and the compound of formula
IIT undergo nucleophilic addition reaction in a first solvent, to produce the
compound of formula IV; wherein the first solvent is selected from the
group consisting of ether solvent, ester solvent, haloalkane solvent, Cs~C
hydrocarbon solvent, nitrile solvent, ketone solvent;

[08] As a preference, the first solvent is selected from the group
consisting of ether solvent, ester solvent, haloalkane solvent, Cs~C
hydrocarbon solvent, nitrile solvent.

[09] As a preference, the ether solvent is selected from the group
consisting of diethyl ether, dipropyl ether, 1,4-dioxane, tetrahydrofuran.

[10) As a preference, the ester solvent is selected from the group
consisting of ethyl acetate, methyl acetate, propyl acetate, tert-butyl acetate,
and ethyl formate.

[11]  As a preference, the haloalkane solvent is selected from the group
consisting of dichloromethane, trichloromethane, and 1,2-dichloroethane.

[12] As a preference, the Cs~C,( hydrocarbon solvent is selected from
the group consisting of benzene, toluene, and xylene.

[13] As a preference, the nitrile solvent is selected from the group



- 4/54 - consgspiryy) of |@cetasitrile or propionitrile.  [14] As a preference, the ketone solvent is acetone.
[15] Preferably, the first solvent is preferably one of toluene, methyl acetate, propyl acetate, ethyl
acetate, chloroform, dichloromethane, acetone, or a mixture of two or more of them; [16] step 2: the
compound of formula IV and the compound of formula V undergo a Friedel-Crafts-like reaction in a
second solvent, using acid as catalyst, to produceqihg-levorotatory p-hydroxyphenylglycine compound
having the structure of formula VI; wherein the second solvent is selected from the group consisting of
nitrile solven@Itsaittiant auitent{rds-o1prpdesdétion solvent; the acid is a chiral acid or an achiral
acid, wherein the chiral acid is selected from the group consisting of D-tartaric acid, L-tartaric acid,

D-camphorsyifgpic q@@a@méy{mm% kadelineisRradine, chiral phosphoric acid, and the
achiral acid is selected from the group consisting of methanesulfonic acid, p-toluenesulfonic acid,

trifluorometh sulf @fg%@ 2ul{chfﬁ@g SIM%E.] hlg r.é ?%a éao@r%? %Ql%e ﬁpgtﬁ?loalkane

solvent is selected fro up consisting of tric Ioromet an€, and

1,2-dichloroethane. [18] As a prefere E % the C5--%11é)i hy roca olvent | E selected from the
group consPEFIGSs PERPIAECRItisH &S tHNk 3SR R (}{IBPe raREO et 85RIMSs selected
from the group consisting of acetonitrile or propionitrile. 0P1312-10-0035 - 5/54 - [20] If the chiral

acid is usedfor thextatslgsiswheoconpsuat ibieiormula

[16] step 2: the compound of formula IV and the compound of formula
V undergo a Friedel-Crafts-like reaction in a second solvent, using acid as
catalyst, to produce the levorotatory p-hydroxyphenylglycine compound
having the structure of formula VI; wherein the second solvent is selected
from the group consisting of nitrile solvent, haloalkane solvent, Cs-Cy,
hydrocarbon solvent; the acid is a chiral acid or an achiral acid, wherein the
chiral acid is selected from the group consisting of D-tartaric acid,
L-tartaric acid, D-camphorsulfonic acid, L-camphorsulfonic acid, L-proline,
D-proline, chiral phosphoric acid, and the achiral acid is selected from the
group consisting of methanesulfonic acid, p-toluenesulfonic acid,
trifluoromethanesulfonic acid, sulfuric acid, hydrochloric acid;

[17]  As a preference, the haloalkane solvent is selected from the group
consisting of dichloromethane, trichloromethane, and 1,2-dichloroethane.

[18] As a preference, the Cs~C,( hydrocarbon solvent is selected from
the group consisting of benzene, toluene, and xylene.

[19] As a preference, the nitrile solvent is selected from the group

consisting of acetonitrile or propionitrile.



VI with opticagipgctiaityomihpe produced, and if the achiral acid is used as catalyst, a racemic compound
of formula VI will be produced. [21] The chiral phosphoric acid is selected the compound of formula
VII, the compound of formula VIII, the compound of formula IX, the compound of formula X, and the
compound of formula XI. 0 P NHTf At

—5/54—

[20]  If the chiral acid is used for the catalysis, the compound of formula
VI with optical activity will be produced, and if the achiral acid is used as
catalyst, a racemic compound of formula VI will be produced.

[21]  The chiral phosphoric acid is selected the compound of formula
VII, the compound of formula VIII, the compound of formula IX, the

compound of formula X, and the compound of formula XI.

Formula [X Formula X

Formula XI
[22] Wherein, Ar is selected from the group consisting of H, Ph,



Formula X1 OP1312140¢0835 - 6/54 - 2,4,6-(i-Pr)3C6H2, 3,5-(CF3)2C5HS3, fl-Nap, SiPh3, 9-anthryl,
4-biphenyl, 4-NO2-C6H4, 9-phenanthryl, p-Me0C6l-14, p-NO2C61-14, i.e., Ar is selected from the
group consisting of hydrogen, phenyl, 2,4,6-triisopropylphenyl, 3,5-bis(trifluoromethyl)phenyl,
fl-naphthyl, triphenylsilyl, 9-anthryl, 4-biphenylyl, 4-nitrophenyl, 9-phenanthryl, 4-methoxyphenyl, and
4-nitrophenyl. 0 R1 -NH.2 Formula Il Formula IMrpsmula VFormula VI

2,4,6-(i-Pr);C¢H,, 3,5-(CF5),C¢Hs, p-Nap, SiPhs, 9-anthryl, 4-biphenyl,
4-NO,-C¢Hy, 9-phenanthryl, p-MeOC¢H,, p-NO,C¢H,, i.e., Ar is selected
from the group consisting of hydrogen, phenyl, 2,4,6-triisopropylphenyl,
3,5-bis(trifluoromethyl)phenyl,  f-naphthyl, triphenylsilyl, 9-anthryl,
4-biphenylyl, 4-nitrophenyl, 9-phenanthryl, 4-methoxyphenyl, and

4-nitrophenyl.

O
R'-NH, o MR
Formula I1 Formula III
R? 3
OH o ek
1 - _NHR!
R'\;N J\H/DHRE

H 5 COOR?2

Formula IV Formula V Formula VI

[23] Wherein, R' is selected from the group consisting of acetyl,
benzoyl, tert-butoxycarbonyl, benzyloxycarbonyl, formamido, and pivaloyl,
R? is selected from the group consisting of methyl, ethyl, isopropyl,
tert-butyl, and benzyl; and R’ is selected from the group consisting of
hydrogen, methyl, trimethylsilyl, tert-butyldimethylsily, and
triisopropylsilyl.

[24]  As a preference, R' is selected from the group consisting of acetyl,

benzoyl, tert-butoxycarbonyl, and pivaloyl.



[23] WhereipR B iz sejaxiesl from the group consisting of acetyl, benzoyl, tert-butoxycarbonyl,
benzyloxycarbonyl, formamido, and pivaloyl; R2 is selected from the group consisting of methyl, ethyl,
isopropyl, tert-butyl, and benzyl; and R3 is selected from the group consisting of
hydrogen,methyl,trimethylsilyl,tert-butyldimethylsily,and triisopropylsilyl. [24] As a preference, R1 is
selected from the group consisting of acetyl, benzpgl tert-butoxycarbonyl, and pivaloyl.
0P1312-10-0035 - 7/54 - [25] As a preference, in step 1, the compound of formula 1l is selected from
the group cof@¥tingAs$ scptattiventenizasticle, liethbutpnopmandacd, femaylzdibensetecsed urea.
[26] Preferably, in step 1, the compound of formula Il is selected from the group consisting of

acetamide, fpghzaiéderérip iovkiatipamaar @iz bearpamile; t¢2iCbisyd pieteianae, in step 1,

the molar ratio of the compound of formula 1l to the compound of formula Il is 1:0.5-1:2.1. [28]

Preferably, 4 L, ﬁﬂﬂ@rﬁﬁﬂc’lﬂ H1e compound of formula Il to the compound of formula Il is
1:1.05. [Zél]yréﬁs&?pre erence,’in step 1, the nucleophilic addition reaction is carried out at a

e FT R D N ST TR
the group consisting of acetamide, benzamide, tert-butyl carbamate, and
benzyl carbamate.

[27] As a preference, in step 1, the molar ratio of the compound of
formula II to the compound of formula III is 1:0.5~1:2.1.

[28] Preferably, in step 1, the molar ratio of the compound of formula II
to the compound of formula I1T is 1:1.05.

[29] As a preference, in step 1, the nucleophilic addition reaction is
carried out at a temperature of 25~110.6 °C for a period of 0.5~144 h.

[30] Preferably, in step 1, the nucleophilic addition reaction is carried
out at a temperature of 28~110.6 °C for a period of 0.5~144 h.

[31] As a preference, in step 2, the molar ratio of the compound of
formula IV to the compound of formula V is 1:0.2~1:5.

[32] As a preference, in step 2, the molar ratio of the compound of
formula IV or the compound of formula V to the catalyst is 1~200:1.

[33] As apreference, in step 2, the Friedel-Crafts-like reaction is carried
out at a temperature of 40~82 °C for a period of 13.5-96 h.

[34] Preferably, in step 2, the Friedel-Crafts-like reaction is carried out

at a temperature of 40~80 °C for a period of 23.5-69 h.



[31] As a prafgrence] (n@iep 2, the molar ratio of the compound of formula IV to the compound of
formula Vis 1:0.2-1:5. [32] As a preference, in step 2, the molar ratio of the compound of formula IV
or the compound of formula V to the catalyst is 1-200:1. [33] As a preference, in step 2, the
Friedel-Crafts-like reaction is carried out at a temperature of 40-82 C for a period of 13.5-96 h. [34]
Preferably, in step 2, the Friedel-Crafts-like reactigysis—carried out at a temperature of 40-80 C for a
period of 23.5-69 h. 0P1312-10-0035 -8/54 - [35] The present invention also provides a method of
synthesizing 13%brotdibey paiegeroxypienyiglycialsotherevidesraontetinoth ©omptisasyzing following

steps: [36] step 1: the compound of formula 1l and the compound of formula 11l undergo nucleophilic

addition req@kb@}@ﬂa@d‘ﬁst spb}tgrﬁr(t;@;?agp@,r@qgm@c@ﬁg)pom ofsferrire! V; ofhefdimigafirst solvent is

selected from the group consisting ot ether solvent, ester solvent, haloalkane solvent, C5-C10

hydrocarboglojgolqggr}r%%iltgq\gl %&gga&@gw%ﬁﬁone solvent; [37] step 2: the compound of formula IV and

the compou ndergo el-Crafts-like reaction in a second solvent, using acid as

catalyst, to produce the levorotatory p-hydroxyphenylglycine compound having the structure of formula
VI; wherein t@%ecﬁﬁ%&lbéﬁ?@%@}@&@a r8 Eﬁ@&ﬂﬁ@ﬂ%ﬂ ig}ﬁgcc‘?mﬁﬂﬁér%l@ P aIkane

solvent, C5-Cio hydrocarbon solvent; the acid is a chiral acid or an achiral acid, wherein the chiral acid
is selected Hérondergoupctesidhitiy sidolitaeraricaeithn tareaficdcio] veoantphotedifonithecid,
L-camphorsulfonic acid, L-proline, D-proline, and chiral phosphoric acid, and the achiral acid is

selected fragorieogred pofofisistntaol Mehheesiifahie ahish Rdbluanesukbenieredfrom the
trifluoromethanesulfonic acid, sulfuric acid, and hydrochloric acid; 0 R NH2 Formula Il
group consisting of ether solvent, ester solvent, haloalkane solvent, Cs~C
hydrocarbon solvent, nitrile solvent, and ketone solvent;
[37] step 2: the compound of formula IV and the compound of formula
V undergo a Friedel-Crafts-like reaction in a second solvent, using acid as
catalyst, to produce the levorotatory p-hydroxyphenylglycine compound
having the structure of formula VI; wherein the second solvent is selected
from the group consisting of nitrile solvent, haloalkane solvent, Cs-Cy,
hydrocarbon solvent; the acid is a chiral acid or an achiral acid, wherein the
chiral acid is selected from the group consisting of D-tartaric acid,
L-tartaric acid, D-camphorsulfonic acid, L.-camphorsulfonic acid, L-proline,
D-proline, and chiral phosphoric acid, and the achiral acid is selected from

the group consisting of methanesulfonic acid, p-toluenesulfonic acid,

trifluoromethanesulfonic acid, sulfuric acid, and hydrochloric acid;

0
R'-NH, DQ)LD,HE

Formula II Formula 11



Formula Il ¢iP1312-10@60B35 - 9/54 - Formula IVFormula VFormula VI [38] wherein, R1 is selected
from the group consisting of acetyl, benzoyl, tert-butoxycarbonyl, benzyloxycarbonyl, formamido, and
pivaloyl; R2 is selected from the group consisting of methyl, ethyl, isopropyl, tert-butyl, and benzyl; and
R3 is hydrogen; [39] step 3: in a mixed solution of alcohol and water, or in water, the compound of
formula VI undergoes hydrolysis reaction by adjusting-the pH value to be <2, then the solution is
neutralized with a base to a pH value of 5.2-5.6, to obtain the compound of formula I. HO

R R3O

OH o
RLNJ\H’D“RE «_NHR'
H 5 COOR?
Formula IV Formula V Formula VI

[38] wherein, R' is selected from the group consisting of acetyl,
benzoyl, tert-butoxycarbonyl, benzyloxycarbonyl, formamido, and pivaloyl,
R? is selected from the group consisting of methyl, ethyl, isopropyl,
tert-butyl, and benzyl; and R’ is hydrogen;

[39] step 3: in a mixed solution of alcohol and water, or in water, the
compound of formula VI undergoes hydrolysis reaction by adjusting the pH
value to be <2, then the solution is neutralized with a base to a pH value of

5.2~5.6, to obtain the compound of formula I.

HO
- _NH;
COCH

Formula I
[40] As a preference, in step 3, the alcohol solvent is selected from the
group consisting of methanol, ethanol, and isopropanol.
[41] As a preference, in step 3, the hydrolysis reaction is carried out at a

temperature of 60~100 °C.



Formula | [¢1AsAapeigrence, in step 3, the alcohol solvent is selected from the group consisting of
methanol, ethanol, and isopropanol. [41] As a preference, in step 3, the hydrolysis reaction is carried
out at a temperature of 60-100 C. 0P1312-10-0035 -10/54- [42] Preferably, in step 3, the hydrolysis
reaction is carried out at a temperature of 60-80 C. [43] As a preference, in the hydrolysis reaction in
step 3, the acid is selected from the group consisfiggpfhydrochloric acid, sulfuric acid,
methanesulfonic acid, and trifluoromethanesulfonic acid. [44] In some examples of the present
invention, thd4nceRuefioaklithaasig¢in 3teths ibyduodpsis. reastian alpretareedeoint siem3, the base
is selected from the group consisting of sodium hydroxide, sodium bicarbonate, sodium carbonate,
potassium I@yﬂ{p&@@u@ge@aﬁgmn@nia [46] In some examples of the present invention, the
concentration of the base in step 3 is 2-42 N.

[43] As a preference, in the hydrolysis reaction in step 3, the acid is
selected from the group consisting of hydrochloric acid, sulfuric acid,
methanesulfonic acid, and trifluoromethanesulfonic acid.

[44] In some examples of the present invention, the concentration of the
acid in step 3is 1 N~12 N.

[45] As a preference, in step 3, the base is selected from the group
consisting of sodium hydroxide, sodium bicarbonate, sodium carbonate,
potassium hydroxide, aqueous ammonia.

[46] In some examples of the present invention, the concentration of the
base in step 3 is 2~12 N.

[47] ee (enantiomeric excess) value, i.e. optical purity, the enantiomeric
composition of the compound sample can be described by the term
“enantiomeric excess” or “e.e.%”, which represents the excess of one
enantiomer to the other enantiomer; the synthetic method provided by the
present invention eliminates the processes of resolution, racemization
processings, etc., in the existing synthetic methods, the optical purity of the
levorotatory p-hydroxyphenylglycine compounds prepared can reach
88.1~98.0%.

[48] The present invention provides a method of synthesizing the

levorotatory p-hydroxyphenylglycine compounds, which eliminates the



[47] ee (enagifoIREriq @0083S) value, i.e. optical purity, the enantiomeric composition of the compound
sample can be described by the term "enantiomeric excess" or "e.e.%", which represents the excess
of one enantiomer to the other enantiomer; the synthetic method provided by the present invention
eliminates the processes of resolution, racemization processings, etc., in the existing synthetic
methods, the optical purity of the levorotatory p-hygraxyphenylglycine compounds prepared can reach
88.1-98.0%. [48] The present invention provides a method of synthesizing the levorotatory
p-hydroxypkehsiglyieine cprogessess, whichiesihitizngs thecori2ana0-0p8% eb$188s, subkequent
processes of resolution, racemization processings, etc., simplifies operational steps; and acids with

small organigmplieredecieratiosril asialusidndbrisesqtd sieplwbighnRt aablicadadueve to the
realization of a industrialized production, but also makes the ee value of the end products be

88.1-98.0%y, 5@'85%9&%‘5% TR ARG SRRl r{B‘FB tiye SHR3 di?cﬂ‘%/% {egpraction

temperature, and reaction tion; non-aqueous dlvent IS usedl e second step, to avoid the
discharging off)henol coptaining waste water, thus.envi onm ntal pollutign is red ced. P%scrlptlon of
the drawind$2'[A8{1R1y0fed 4R él% BR Hﬁ%ﬂ?’e it afso makes the ee valte o

D-ethyl-2-acetamido-2-(4-hydroxyphenyl)acetate prepared in Example 1. Detailed Embodiments  [50]
The preseneideprtivtudiscibse$ 8. nePbod’of Hntdesetimyningethrocatalysthythoxigarsignlycine
compounds, and a skilled in the art can use the contents herein for reference and achieve by

appropriatedy [mgiovititetheirehnoleaisslapriameier s:dachiyfiCidah it dhersimiat sybatitusigns and
alterations are obvious to a skilled in the art, and are all deemed to be within the present invention.

;hg methoq ANGARPIHI AR OO IE SEFFERT TGN IRV RCSRLBRTCIRES, PloPIRIGIaP IR &xamples,
discharging of phenol-containing waste water, thus environmental pollution

is reduced.

Description of the drawings

[49] Figure 1 shows  the  single  crystal figure  of

D-ethyl-2-acetamido-2-(4-hydroxyphenyl)acetate prepared in Example 1.

Detailed Embodiments

[50] The present invention discloses a method of synthesizing the
levorotatory p-hydroxyphenylglycine compounds, and a skilled in the art
can use the contents herein for reference and achieve by appropriately
improving the technological parameters. In particular, all the similar
substitutions and alterations are obvious to a skilled in the art, and are all
deemed to be within the present invention. The methods and applications of

the present invention have been described by preferable examples, and



0P1312-10-Q03( 122154 0xdevant personnel can alter or appropriately change and combine the
methods and applications described herein without departing from the content, spirit and scope of the
present invention, to realize and apply the techniques of the present invention. [51] Step 1: the
compound of formula Il and the compound of formula Il undergo nucleophilic addition reaction in a
first solvent, to produce the compound of formulajb/;yvherein the first solvent is selected from the
group consisting of ether solvent, ester solvent, haloalkane solvent, C5-C10 hydrocarbon solvent,
nitrile solvert]erahkefsnewunedntar{52]tas aprefepenpelatedyirsheoigenaizdseteteddtiorthihe group
consisting of ether solvent, ester solvent, haloalkane solvent, C5-Ci0 hydrocarbon solvent, and nitrile

solvent. [Sglefisciiprefedengsplicaetner dlvenbisdsHested fiofthibherg aonsistirghof dhethyl ether,
dipropyl ether, 1,4-dioxane, and tetrahydrofuran. [54] As a preference, the ester solvent is selected

from the gr&k)%% ‘?RS'§ Q@toéﬁ&hé(ééﬁét%t?k ih‘ %ﬁ?t%% 196X 3 efé‘él 8%‘?&%@‘@ '3k, and ethyl

formate. s a’preference, the haloal vent IS se ected omt e group stlng of

dichloromethaEe trlchlorgﬂ}&thane and 1,2-dichloroethane. [56] As a preference, the C5--C10

hydrocarbolPSBRAIMSS € ébrmﬂttﬂévgﬁgﬂ%on&stmg of benzene, toluene, and xylene.
0P1312-10-0035 -13/54-
[51]  Step 1: the compound of formula II and the compound of formula

IIT undergo nucleophilic addition reaction in a first solvent, to produce the
compound of formula IV; wherein the first solvent is selected from the
group consisting of ether solvent, ester solvent, haloalkane solvent, Cs~C
hydrocarbon solvent, nitrile solvent, and ketone solvent;

[52] As a preference, the first solvent is selected from the group
consisting of ether solvent, ester solvent, haloalkane solvent, Cs~C
hydrocarbon solvent, and nitrile solvent.

[53] As a preference, the ether solvent is selected from the group
consisting of diethyl ether, dipropyl ether, 1,4-dioxane, and
tetrahydrofuran.

[54] As a preference, the ester solvent is selected from the group
consisting of ethyl acetate, methyl acetate, propyl acetate, tert-butyl acetate,
and ethyl formate.

[55] As a preference, the haloalkane solvent is selected from the group
consisting of dichloromethane, trichloromethane, and 1,2-dichloroethane.

[56] As a preference, the Cs~C,( hydrocarbon solvent is selected from

the group consisting of benzene, toluene, and xylene.



[57] As a prafgrence] theosirile solvent is selected from the group consisting of acetonitrile or
propionitrile. [58] As a preference, the ketone solvent is acetone. [59] Preferably, the first solvent is
preferably one of toluene, methyl acetate, propyl acetate, ethyl acetate, chloroform, dichloromethane,
acetone, or a mixture of two or more of them; [60] step 2: the compound of formula IV and the
compound of formula V undergo a Friedel-Craftsqikgseaction in a second solvent, using acid as
catalyst, to produce the levorotatory p-hydroxyphenylglycine compound having the structure of formula
VI; wherein th#7$ecofd solyeefiseatectébddronintle golyerbrisissitlgaieditdi@solvbat, graivalkane
solvent, and C5-C10 hydrocarbon solvent; the acid is a chiral acid or an achiral acid, wherein the chiral

acid is seIe@tg@ls[g@[ﬁéhﬁ‘g{@mﬁnﬁs}&g@j@%@ﬁﬁﬁ@ﬂ@.acid, L-tartaric acid, D-camphorsulfonic acid,
L-camphorsulfonic acid, L-proline, D-proline, and chiral phosphoric acid, and the achiral acid is

selected fro #I grgtgoa;%?g':‘f%% C%f %f}g&gﬁﬁljﬁl&gﬁq% a-gl%gﬁrﬁesulfonic acid,

trifluorometh ulfonic urid acid, an chloric acid; [61] As a preference, the

haloalkane solvent is selected from the group consisting of dichloromethane, trichloromethane, and
1,2-dichlorockPdne. @Fh@iypr BrdHSh, HLVERL &10 BBl GRS e SRR the

group consisting of benzene, toluene, and xylene. [63] As a preference, the nitrile solvent is selected
from the gragptaip;p1epyd-003B e, 48y lcareistingebi exetorinidishipopivatiiec, [824tbmee chiral
acid is used for the catalysis, the compound of formula VI with optical activity will be produced, and if
the achiral agid isbaedeas Caialyst msaeasfiheampound of formula VI will be produced.
[60] step 2: the compound of formula IV and the compound of formula
V undergo a Friedel-Crafts-like reaction in a second solvent, using acid as
catalyst, to produce the levorotatory p-hydroxyphenylglycine compound
having the structure of formula VI; wherein the second solvent is selected
from the group consisting of nitrile solvent, haloalkane solvent, and Cs-Cy,
hydrocarbon solvent; the acid is a chiral acid or an achiral acid, wherein the
chiral acid is selected from the group consisting of D-tartaric acid,
L-tartaric acid, D-camphorsulfonic acid, L.-camphorsulfonic acid, L-proline,
D-proline, and chiral phosphoric acid, and the achiral acid is selected from
the group consisting of methanesulfonic acid, p-toluenesulfonic acid,
trifluoromethanesulfonic acid, sulfuric acid, and hydrochloric acid;
[61] As a preference, the haloalkane solvent is selected from the group
consisting of dichloromethane, trichloromethane, and 1,2-dichloroethane.
[62] As a preference, the Cs~C,( hydrocarbon solvent is selected from

the group consisting of benzene, toluene, and xylene.

[63] As a preference, the nitrile solvent is selected from the group



[65] The chirgbpBosalosigsgcid is selected from the group consisting of the compound of formula VII,
the compound of formula VIII, the compound of formula 1X, the compound of formula X, and the
compound of formula XI. Formula VIIFormula VIII Formula IXFormula X Formula XI
0P1312-10-0035 -15/54-

—14/54—

consisting of acetonitrile or propionitrile.

[64] If the chiral acid is used for the catalysis, the compound of formula
VI with optical activity will be produced, and if the achiral acid is used as
catalyst, a racemic compound of formula VI will be produced.

[65] The chiral phosphoric acid is selected from the group consisting of
the compound of formula VII, the compound of formula VIII, the

compound of formula IX, the compound of formula X, and the compound

of formula XI.
CCr CCC
D, .0 D\P,,,Ee
] I 0~ "NHTf l ! 07 “NHTf
Ay Ar
Formula VII Formula VIII
CCr CoCr
D-‘ r_.D "1 _."S
:D’P:DH gg Q" "NHTf
L N
Formula IX Formula X
o0
Q. _ .0

sl
Ar

Formula XI



[66] WhereimpAr3sxselrotsd from the group consisting of H, Ph, 2,4,6-(i-Pr)3C6H2, 3,5-(CF3)2C6H3,
fl-Nap, SiPh3, 9-anthryl, 4-biphenyl, 4-NO2-C6H4, 9-phenanthryl, p-Me0C6H4, p-NO2C6H4, i.e., Ar is
selected from the group consisting of hydrogen, phenyl, 2,4,6-triisopropylphenyl,
3,5-bis(trifluoromethyl)phenyl, fl-naphthyl, triphenylsilyl, 9-anthryl, 4-biphenylyl, 4-nitrophenyl,
9-phenanthryl, 4-methoxyphenyl, and 4-nitropheny;54 Eormula IVFormula VFormula VI [67] Wherein,
R1 is selected from the group consisting of acetyl, benzoyl, tert-butoxycarbonyl, benzyloxycarbonyl,
formamido, and pivaloyl; R2 is selected from the group consisting of methyl, ethyl, isopropyl, tert-butyl,
and benzyl; and R3 is selected from the group consisting of hydrogen, methyl, trimethylsilyl,
tert-butyldimegaylsilyanektisopepyisikiel ORAB 18- 0035 sk6/ds- cBififtna Pesferendeh R1 is
selected from the group consisting of acetyl, benzoyl, tert-butoxycarbonyl, and pivaloyl. [69] As a
preference ~rystep: é‘n cpmp g§1 I1ig,s te the ongigti cetamide,
il o iena Sl R A S e e

benzamide, fert-butyl r urea. eference, in stép 1, the
molar ratio g8 P Y S eamthay L p RS TR RSIEHE, iR M AR T R tected
from the group consisting of hydrogen, phenyl, 2,4,6-triisopropylphenyl,
3,5-bis(trifluoromethyl)phenyl,  f-naphthyl, triphenylsilyl, 9-anthryl,
4-biphenylyl, 4-nitrophenyl, 9-phenanthryl, 4-methoxyphenyl, and

4-nitrophenyl.

O
R'-NH, o MR
Formula II Formula III
R3 3
OH 1% ek
1 « NHR'
RMN J\“/DHRE
H 5 COOR?2
Formula IV Formula V Formula VI

[67] Wherein, R' is selected from the group consisting of acetyl,
benzoyl, tert-butoxycarbonyl, benzyloxycarbonyl, formamido, and pivaloyl;
R” is selected from the group consisting of methyl, ethyl, isopropyl,
tert-butyl, and benzyl; and R’ is selected from the group consisting of
hydrogen, methyl, trimethylsilyl, tert-butyldimethylsily, and

triisopropylsilyl.



[71] Preferalghp,1im step-dotse molar ratio of the compound of formula Il to the compound of formula Il
is 1:1.05. [72] As a preference, in step 1, the nucleophilic addition reaction is carried out at a
temperature of 25-110.6 C for a period of 0.5-144 h. [73] Preferably, in step 1, the nucleophilic
addition reaction is carried out at a temperature of 28-110.6 C for a period of 0.5-144 h. [74]
Specifically, the nucleophilic addition reaction in-gtgg4l-may be: [75] The method of synthesizing ethyl
2-ureido-2-hydroxyacetate is as follows: urea (3.01 g, 50 mmol), ethyl glyoxalate (50% solution in
toluene, 11.2[68j, 55Aﬂmpmmemgeadé%orsesal@cﬁddeiimeqﬁhmwgwym@@aszmI_Oég@plaﬁh -shaped

flask, reacted at 28 C for 74 hours, and placed at 0 C for 12 hours, and the white precipitate is

precipitated@éﬂi@@@(ﬂ; mm&&yéwlwgﬁﬂquggwith 10 mL acetone, vacuumized for 1 hour, to
obtain 3.1 g white solid, and the filtrate is rotary-dried, recrystallized from ethyl acetate, to obtain

meling poinl 310 A1 KU oD, BALBIE PP 0 0b DHE %‘F SR

1H), 5.78 (s, 2H), 5.34 (dd, J = 9.6,6,8 Hz, 1H), 4.11(q 68H22H 2Hz 3H); 13C
NMR [100M M@@f%ﬁ@sa%mg 05 ACEEBI14S; éb W@}@ﬂ@e. f) if addition

reaction in step 1 may also be: [77] The method of synthesizing N,N- bls(ethyl -2- hydroxyacetate)urea
is as followbeByd cachamaienaol etkgl glyoxalate (50% solution in toluene, 21.42 g, 105 mmol), 150
mL acetone are added sequentially into a 250 mL round bottomed flask, and reacted at 28 C for 6

days, and thg7gactisisatespeinaiasehen gieptylof thbitthplaeintals is Pibeipdaiag duie sfaction
solution. After filtering by suction, the filter cake is vacuum-dried at 30 C for 12 hours, to obtain 9.18 g

5.50.5.4000 30 Lo I R O e i T3 RR b, DSy 6170.0, 185.2,
compound if’ﬁamu.%\%rf%@i@s‘f%é" A gl 408 4 oo RSP A58l bompound
of formula IV or the compound of formula V to the catalyst is 1-200:1.
to the compound of formula I1T is 1:1.05.
[72] As a preference, in step 1, the nucleophilic addition reaction is
carried out at a temperature of 25~110.6 °C for a period of 0.5~144 h.
[73] Preferably, in step 1, the nucleophilic addition reaction is carried
out at a temperature of 28~110.6 °C for a period of 0.5~144 h.
[74]  Specifically, the nucleophilic addition reaction in step 1 may be:
[75] The method of synthesizing ethyl 2-ureido-2-hydroxyacetate is as
follows: urea (3.01 g, 50 mmol), ethyl glyoxalate (50% solution in toluene,
11.22 g, 55 mmol), 150 mL acetone are added sequentially into a 250 mL
eggplant-shaped flask, reacted at 28 °C for 74 hours, and placed at 0 °C for
12 hours, and the white precipitate is precipitated, filtered, and the filter
cake is washed twice with 10 mL acetone, vacuumized for 1 hour, to obtain

3.1 g white solid, and the filtrate is rotary-dried, recrystallized from ethyl

acetate, to obtain additional 1.63 g white solid, and the total yield for the



[80] As a prafgrence] ngiep 2, the Friedel-Crafts-like reaction is carried 0P1312-10-0035 -18/54- out
at a temperature of 40-82 C for a period of 13.5-96 h. [81] Preferably, in step 2, the Friedel-Crafts-like
reaction is carried out at a temperature of 40-80 C for a period of 23.5-69 h. [82] The present
invention also provides a method of synthesizing levorotatory p-hydroxyphenylglycine with its structure
of formula I, comprising the following steps: [83];3t8p-1: the compound of formula Il and the
compound of formula Il undergo nucleophilic addition reaction in a first solvent, to produce the

compound tivforitinlasViswh8rd i theilsing inis sEetba4rRm. th&lgdRon4RandyBather

solvent, ester solvent, haloalkane solvent, C5-C10 hydrocarbon solvent, nitrile solvent, and ketone

solvent; [SBINICO Pt Tpipord PGV, &8iithe corepeundief FoFmuls. Yeupdersp a

Friedel-Crafts-like reaction in a second solvent, using acid as catalyst, to produce the levorotatory

p-hydroxypgﬁyleg/&irygwg%qga%iﬁe}hg sit{xatujre:o%grmlgwﬁw?yg bt%:ggc_:? solvent is

selected from the grb_up cor'lsistin.g . ’so[vg t,’halog ane s rocarbon solvent;
o1 Dartari bl ICAIE BV AR S 1S Lok A4 1 prome. o-proline
and chiral phosphoric acid, and the achiral acid is selected from the group consisting of
methanesulfonic acid, p-toluenesulfonic acid, trifluoromethanesulfonic acid, sulfuric acid, and
hydrochloric acid; 0P1312-10-0035 -19/54-
[76]  Specifically, the nucleophilic addition reaction in step 1 may also
be:
[771  The method of synthesizing N, N-bis(ethyl-2-hydroxyacetate)urea
is as follows: 3.0 g urea (50 mmol), ethyl glyoxalate (50% solution in
toluene, 21.42 g, 105 mmol), 150 mL acetone are added sequentially into a
250 mL round bottomed flask, and reacted at 28 °C for 6 days, and the
reaction is terminated when plenty of white precipitate is precipitated in the
reaction solution. After filtering by suction, the filter cake is vacuum-dried
at 30 °C for 12 hours, to obtain 9.18 g white solid, and the yield is 69.5%.
'H NMR [400 MHz, DMSO]:8 7.16-7.10 (m ,2H), 6.53-6.40 (m,2H),
5.50-5.40(m, 2H), 4.15-4.10 (m, 4H), 1.23-1.19(m, 6H); “C NMR
[I00MHz, DMSO]: 6170.0, 155.2, 71.9,60.7,13.9.
[78] As a preference, in step 2, the molar ratio of the compound of
formula IV to the compound of formula V is 1:0.2~1:5.
[79] As a preference, in step 2, the molar ratio of the compound of

formula I'V or the compound of formula V to the catalyst is 1~200:1.

[80] As a preference, in step 2, the Friedel-Crafts-like reaction is carried



Formula IVFompgila YGammela VI [85] wherein, R1 is selected from the group consisting of acetyl,
benzoyl, tert-butoxycarbonyl, benzyloxycarbonyl, formamido, and pivaloyl; R2 is selected from the
group consisting of methyl, ethyl, isopropyl, tert-butyl, and benzyl; and R3 is hydrogen; [86] step 3: in
a mixed solution of alcohols and water, or in water, the compound of formula VI undergoes hydrolysis
reaction by adjusting the pH value to be <2, then tRggolution is neutralized with a base to a pH value
of 5.2-5.6, to obtain the compound of formula VI; wherein the third solvent is selected from the group
consisting sfutates 4eiah pryehiorsoildf-8F Skmita & perisd2oid-H03586230/54-

[81] Preferably, in step 2, the Friedel-Crafts-like reaction is carried out
at a temperature of 40~80 °C for a period of 23.5-69 h.

[82] The present invention also provides a method of synthesizing
levorotatory p-hydroxyphenylglycine with its structure of formula I,
comprising the following steps:

[83] step 1: the compound of formula II and the compound of formula
IIT undergo nucleophilic addition reaction in a first solvent, to produce the
compound of formula IV; wherein the first solvent is selected from the
group consisting of ether solvent, ester solvent, haloalkane solvent, Cs~Cj
hydrocarbon solvent, nitrile solvent, and ketone solvent;

[84] step 2: the compound of formula IV and the compound of formula
V undergo a Friedel-Crafts-like reaction in a second solvent, using acid as
catalyst, to produce the levorotatory p-hydroxyphenylglycine compound
having the structure of formula VI; wherein the second solvent is selected
from the group consisting of nitrile solvent, haloalkane solvent, Cs-Cy,
hydrocarbon solvent; the acid is a chiral acid or an achiral acid, wherein the
chiral acid is selected from the group consisting of D-tartaric acid,
L-tartaric acid, D-camphorsulfonic acid, L-camphorsulfonic acid, L-proline,
D-proline, and chiral phosphoric acid, and the achiral acid is selected from
the group consisting of methanesulfonic acid, p-toluenesulfonic acid,

trifluoromethanesulfonic acid, sulfuric acid, and hydrochloric acid;



group consistipgiebmetheswl, ethanol, and isopropanol. [88] As a preference, in step 3, the hydrolysis
reaction is carried out at a temperature of 60-400 C. [89] Preferably, in step 3, the hydrolysis reaction
is carried out at a temperature of 60-80 C. [90] As a preference, in the hydrolysis reaction in step 3,
the acid is selected from the group consisting of hydrochloric acid, sulfuric acid, methanesulfonic acid,
and trifluoromethanesulfonic acid. [91] In some-examaples of the present invention, the concentration
of the acid in the hydrolysis reaction in step 3 is 1 N-42 N. [92] As a preference, in step 3, the base is
selected from the group consisting of sodium hydroxide, sodium bicarbor@te, sodium carbonate,
potassium hydroxide, and aqueop:g“a\t"rpq ia. [93] In some examptgghof e prg_ér-,\nt invention, the
concentration of the base in step 3 is 2-42 [94] The present inventioh prdWides a method of
synthesizing the levorotatory p-hydroxyphenylglycine compounds, which eliminates the subsequent
processes of resolution, racemiZagpmeregessings, etc., simplifies opptiQaR Figps; and acids with
small organic molecule are chosen as catalyst in the second step, which not only is conducive to the
realization of a industrialized production, but also makeslge ee value of the end products be
88.1-99.0% by determiningcipe catalyst, the reaction @P1312-10-0035 % 542

substance, the reactigi te eraglre and the reaction guration; non-aqueous

second step, to avoid theldi rgiRg of phenol-conf?
reduced. H O

Formula IV Formula V Formula VI

[85] wherein, R' is selected from the group consisting of acetyl,
benzoyl, tert-butoxycarbonyl, benzyloxycarbonyl, formamido, and pivaloyl,
R” is selected from the group consisting of methyl, ethyl, isopropyl,
tert-butyl, and benzyl; and R’ is hydrogen;

[86] step 3: in a mixed solution of alcohols and water, or in water, the
compound of formula VI undergoes hydrolysis reaction by adjusting the pH
value to be <2, then the solution is neutralized with a base to a pH value of
5.2~5.6, to obtain the compound of formula VI; wherein the third solvent is

selected from the group consisting of water and alcohol solvent.

HO
- _NH,
COOH

Formula |

[87] As a preference, in step 3, the alcohol solvent is selected from the



[95] All the reggents LEed3p the synthetic method provided by the present invention are all
commercially available. [96] The present invention is further illustrated in conjunction with the
following examples: Example 1 Comparative example: [97] Synthesis of ethyl
2-acetamido-2-hydroxyacetate, the synthetic route is shown as follow:  [98] Specific operational
steps are as follow: [99] Acetamide (11.81 g, 0-2@,/1p}), ethyl glyoxalate (50% solution in toluene,
42.84 g, 0.21 mmol), 160 mL toluene were added sequentially into a 500 mL eggplant-shaped flask.
And they werevpactetsistid@ © fonethanterthennrddamdsGapfop2nal.and plenty of white precipitate
was precipitated, cooled to room temperature, and filtered by suction, and the filter cake was washed
twice with tolig¥)e, angd vesrufereties ah 46ep MriPRSILIPsPRMction is carried out at a
temperature of 60~100 °C.

[89] Preferably, in step 3, the hydrolysis reaction is carried out at a
temperature of 60~80 °C.

[90] As a preference, in the hydrolysis reaction in step 3, the acid is
selected from the group consisting of hydrochloric acid, sulfuric acid,
methanesulfonic acid, and trifluoromethanesulfonic acid.

[91] In some examples of the present invention, the concentration of the
acid in the hydrolysis reaction in step 3 is 1 N~12 N.

[92] As a preference, in step 3, the base is selected from the group
consisting of sodium hydroxide, sodium bicarbonate, sodium carbonate,
potassium hydroxide, and aqueous ammonia.

[93] In some examples of the present invention, the concentration of the
base in step 3 i1s 2~12 N.

[94] The present invention provides a method of synthesizing the
levorotatory p-hydroxyphenylglycine compounds, which eliminates the
subsequent processes of resolution, racemization processings, etc.,
simplifies operational steps; and acids with small organic molecule are
chosen as catalyst in the second step, which not only is conducive to the

realization of a industrialized production, but also makes the ee value of the

end products be 88.1~99.0% by determining the catalyst, the reaction



-22/54- 24 ho28 9 g-\hije3splid was obtained, the molar yield was 87%, melting point: 88-89 C. [100]
1HNMR [400MHz, CDC13]: 8 6.86 (s, 1H ), 5.58 (d, J= 7.6 Hz, 1H), 4.46 (s, 1H), 4.29 (q, J= 7.2 Hz,
2H), 2.05 (s, 3H), 1.33 (t, J= 7.2 Hz, 3H); 13C NMR [L00MHz, CDC13]; 8 171.3, 169.6, 72.4, 62.8,
23.3, 14.2. [101] Synthesis of DL-ethyl-2-acetamido-2-(4-hydroxyphenyl)acetate, the synthetic route is
shown as follow: OH [102] Specific operational sieps-are as follow: [103] Ethyl
2-acetamido-2-hydroxyacetate (0.48 g, 3 mmol), phenol (0.33 g, 3.60 mmol), TsOH (0.05 g, 0.30
mmol), 10nsobiehlorthmerhant eesabsidadsethemtaliil motan2parateisy pladt-hapeddtask. And they
were reacted at room temperature for 38 h, the reaction solution was a colorless transparent liquid,

then the reghiiemivias RsmingirGUd 04 INvasiconcedtratethsenasairll biepolummobidmaiegraphy,
the ortho-product was eluted by petroleum ether/ethyl acetate = 1:1, which was a white solid, 59.8 mg,

yield 8'4%’@?&E@gﬁﬁ.@%f’ggﬁ%gﬁcontaining waste water, thus environmental pollution

is reduced.

[95] All the reagents used in the synthetic method provided by the
present invention are all commercially available.

[96] The present invention is further illustrated in conjunction with the

following examples:

Example 1
Comparative example:
[97] Synthesis of ethyl 2-acetamido-2-hydroxyacetate, the synthetic

route is shown as follow:

0 0O Toluene j\ OH
/JJ‘NHQ o Ao H)\g

[98] Specific operational steps are as follow:

[99] Acetamide (11.81 g, 0.20 mol), ethyl glyoxalate (50% solution in
toluene, 42.84 g, 0.21 mmol), 160 mL toluene were added sequentially into
a 500 mL eggplant-shaped flask. And they were reacted at 80 °C for 35 h,
then reacted at 60 °C for 27 h, and plenty of white precipitate was
precipitated, cooled to room temperature, and filtered by suction, and the

filter cake was washed twice with toluene, and vacuum-dried at 40 °C for



[105] 1H NMBP[00 WiHgo 3D C13]: 8 9.05(s, 1H ), 7.20 (td, J= 7.6, 1.2 Hz, 1H), 7.12 (d, J= 7.2 Hz, 1H),
7.01 (dd, J= 7.6, 1.2 Hz, 1H), 6.95 (d, J = 8.0 Hz, 1H), 6.84 (t, J = 7.6 Hz, 1H), 5.70 (d, J = 7.6 Hz, 1H),
0P1312-10-0035 -23/54- 4.31-4.16(m, 2H), 2.02 (s, 3H), 1.20 (t, J = 7.2 Hz, 3H); 13C NMR [100MHz,
CDC13]: 8 171.5,171.2,155.4, 130.4, 128.0, 124.0, 120.7, 118.6, 62.4, 52.5, 22.8, 14.1. [106]
Para-product was eluted by petroleum ether/ethybaggtate = 1:2, which was a white solid, 60 mg, yield
8.4%, melting point: 119-121 C. [107] 1H NMR [400 MHz, CDC13]: 8 7.12 (d, J= 8.4 Hz, 2H ), 6.93 (d,
J = 7.2 Hz, 2H)h 628 Qdg JwisiBHso BH \wag D tdanzed, 8thie, madan peld 064 3204, 20@itisgiH), 1.17
(t, J= 7.2 Hz, 3H); 13C NMR [100MHz, CDC13]: 8 171.5, 170.8, 157.2, 128.7, 127.4, 116.1, 62.1, 56.5,
23.0, 14.1. 4508 Beegyrhetic method provided by the present invention: [109] Synthesis of ethyl
2-acetamido-2-hydroxyacetate, the synthetic route is shown as follows:

[100] 'HNMR [400MHz, CDCl;]: 6 6.86 (s, 1H ), 5.58 (d, J=7.6 Hz,
1H), 4.46 (s, 1H), 4.29 (q, J= 7.2 Hz, 2H), 2.05 (s, 3H), 1.33 (t, J=7.2 Hz,
3H); *C NMR [100MHz, CDCL]; & 171.3, 169.6, 72.4, 62.8, 23.3, 14.2.
[101] Synthesis of DL-ethyl-2-acetamido-2-(4-hydroxyphenyl)acetate,

the synthetic route is shown as follow:

OH
O OH CH
)L 0 TsOH 0 OH
N)\If we CHCI @ i | o
H 2Ll —
Hi .l Q

[102]  Specific operational steps are as follow:

[103] Ethyl 2-acetamido-2-hydroxyacetate (0.48 g, 3 mmol), phenol
(0.33 g, 3.60 mmol), TsOH (0.05 g, 0.30 mmol), 10mL dichloromethane
were added sequentially into a 25 mL eggplant-shaped flask. And they were
reacted at room temperature for 38 h, the reaction solution was a colorless
transparent liquid, then the reaction was terminated.

[104] It was concentrated, separated by column chromatography, the
ortho-product was eluted by petroleum ether/ethyl acetate = 1:1, which was
a white solid, 59.8 mg, yield 8.4%, melting point: 39-40 ° C.

[105] 'H NMR [400 MHz, CDCl;]: § 9.05(s, 1H), 7.20 (td, J=7.6, 1.2
Hz, 1H), 7.12 (d, J= 7.2 Hz, 1H), 7.01 (dd, J= 7.6, 1.2 Hz, 1H), 6.95 (d, J

= 8.0 Hz, 1H), 6.84 (t, J = 7.6 Hz, 1H), 5.70 (d, J = 7.6 Hz, 1H),



[110] Specifioppsrationgd sieps are as follows: [111] Acetamide (11.81 g, 0.20 mol), ethyl glyoxalate
(50% solution in toluene, 42.84 g, 0.21 mmol), 160 mL toluene were added sequentially into a 500 mL
eggplant-shaped flask. And they were reacted at 80 C for 35 h, then reacted at 60 C for 27 h, and
plenty of white precipitate was precipitated, cooled to room temperature, and filtered by suction, and
the filter cake was washed twice with toluene, andyyaguum-dried at 40 C for 0P1312-10-0035 -24/54-
24 h. 28.0 g white solid was obtained, the molar yield was 87%, melting point: 88-89 C. [112] IHNMR
[400MHz, CEYtd): 166186 241LH3,02585d,333)7.d B9, 1H),4.26 (21 Hz4.38l)g, T€7 MR 2H), 2.05
(s, 3H), 1.33 (t, J= 7.2 Hz, 3H); 13C NMR [100MHz, CDC13]; 6 171.3, 169.6, 72.4, 62.8, 23.3, 14.2.

]%Illg\]Niynth[SHM)MHze,tWEﬁE@&]e.tafﬁidp?ZtG&‘WVJIOZ}/pIESM)a%@w,, thegynthesisooutegs7shown as
118.6, 62.4,52.5,22.8, 14.1.
[106] Para-product was eluted by petroleum ether/ethyl acetate = 1:2,
which was a white solid, 60 mg, yield 8.4%, melting point: 119-121 °C.
[107] 'HNMR [400 MHz, CDCl5]: § 7.12 (d, J=8.4 Hz, 2H ), 6.93 (d, J
=7.2 Hz, 1H), 6.72 (d, J= 8.8Hz, 2H), 5.42 (d, J= 6.8 Hz, 1H), 4.29-4.06
(m, 2H), 2.00 (s, 1H), 1.17 (t, J=7.2 Hz, 3H); °C NMR [100MHz,
CDCl5]: 8 171.5,170.8, 157.2, 128.7, 127.4, 116.1, 62.1, 56.5, 23.0, 14.1.
[108] The synthetic method provided by the present invention:

[109] Synthesis of ethyl 2-acetamido-2-hydroxyacetate, the synthetic

route is shown as follows:

o Toluene G OH

O
))]\NHz + O%,-)I\Oﬂ"‘\ —— '_)'I\H/I\rroa.,‘,.f"

[110]  Specific operational steps are as follows:

[111]  Acetamide (11.81 g, 0.20 mol), ethyl glyoxalate (50% solution in
toluene, 42.84 g, 0.21 mmol), 160 mL toluene were added sequentially into
a 500 mL eggplant-shaped flask. And they were reacted at 80 °C for 35 h,
then reacted at 60 °C for 27 h, and plenty of white precipitate was
precipitated, cooled to room temperature, and filtered by suction, and the

filter cake was washed twice with toluene, and vacuum-dried at 40 °C for



[114] Specifioppsrationgd sieps are as follows: [115] Ethyl 2-acetamido-2-hydroxyacetate (1.932 g, 12
mmol), 0 1 mmol catalyst chiral phosphoric acid (wherein Ar is selected from the group
consistingofhydrogen,phenyl,2,4,6-triisopropylphenyl, 3,5-bis(trifluoromethyl)phenyl, fl-naphthyl,
triphenylsilyl, 9-anthryl, 4-biphenylyl, 4-nitrophenyl, 9-phenanthryl, 4-methoxyphenyl, and
4-nitrophenyl), phenol (0.94g, 10 mmol), 50 mL-aggtonitrile were added sequentially into a 100 mL
three-necked bottle equipped with a constant pressure dropping funnel and a thermometer, and the
reaction soRdidn wW&sGegorduitat 8ol foradadivarsetheththenekutipielhsviesnSinktedanelimg
0P1312-10-0035 -25/54- water was added, and stirred at room temperature for 4 hours, and the
catalyst WaP(ﬁime{dgogpwﬁh a recovery rate of 88.2%. The filtrate was rotary-dried, loaded and eluted
by a silica gel column after dissolving the sample with dichloromethane, the catalyst and phenol were
eluted by p um et : iql t} id= 200:46, and the er nd para-
products Wj?;ﬂjuteﬁgzg éggo%mﬁ%% :%t ?ﬁé@i@ 283%%@? 5%. 91%% gt%a‘ga-p?dgtqué%ield 62%,
melting point; 147-148 C, ee=90% X—IP C dﬁ%n » chiralPAK AD- ,4.6x2

chromatogrril Pc%%%tﬁnﬁ%e a‘?'l% &b ro_pcjr:’%) = §Ix7§)is5rl‘|%A r{%g:lﬁgtjaég (ﬁejﬁﬁ\?é) %ﬁ%\ias 10
mL/min, the maximum absorption wavelength was 229 nm) [116] 1H NMR [400 MHz, CDC13]: 8 7.17
(d, J= 8.4 HIDIHY @ XMR JLO8MHz, I 48 3d| 3136 46926173, %, 42,8, 3% 5,842, 1H), 4.27-4.10
(m, 2H), 2.04 (s, 3H), 1.21 (t, J = 7.2 Hz, 3H); 13C NMR [100 MHz, CDC13]: 8 171.4, 170.0, 156.5,

128.7, 128.4113)6.1, $2h 563 o130ty - 1A The dingle aysaddigusp @iyl acetate, the
D-ethyl-2-acetamido-2-(4-hydroxy phenyl)acetate is shown in Figure 1. [118YThe

D-ethyl-2-a§§}ﬁﬁ1ég?§%- ﬂfgxgr%g%%%ﬁ%ﬂgzobtained in the method provided by the present

invention was prepared into levorotatory p-hydroxyphenylglycine hydrochloride, the synthetic route is

shown as follows: 0P1312-10-0035
Ar
GG O- F(,C' OH
o~ T©OH
il .
- )‘I\N D\.‘,_/
H o

O OH OH
AN O
0] Acetonitiile

[114]  Specific operational steps are as follows:

[115]  Ethyl 2-acetamido-2-hydroxyacetate (1.932 g, 12 mmol), 0.1 mmol
catalyst chiral phosphoric acid (wherein Ar is selected from the group
consisting of hydrogen, phenyl, 2,4,6-triisopropylphenyl,
3,5-bis(trifluoromethyl)phenyl,  p-naphthyl, triphenylsilyl, 9-anthryl,
4-biphenylyl, 4-nitrophenyl, 9-phenanthryl, 4-methoxyphenyl, and
4-nitrophenyl), phenol (0.94g, 10 mmol), 50 mL acetonitrile were added
sequentially into a 100 mL three-necked bottle equipped with a constant
pressure dropping funnel and a thermometer, and the reaction solution was

reacted at 81 °C for 34 hours, then the reaction was terminated. 23 mL



-26/54-  [1o®1Spraifgoperational steps are as follows: [120] 0.1 g
D-ethyl-2-acetamido-2-(4-hydroxyphenyl)acetate, 2 mL concentrated hydrochloric acid (12 N
hydrochloric acid) were sequentially added into a 10 mL schlenk tube, and started to stir, and refluxed
at 100 C for 6.5 h, then the reaction was terminated, the reaction solution was rotary-dried to obtain
81.1 mg pale yellow solid, the yield was 95.1%.{al»2p=_90(c=1.0, water). [121] 1H NMR [400 MHz,
D20]: 87.30 (d, J= 8.4 Hz, 2H) , 6.90 (d, J= 8.8 Hz, 2H), 5.07 (s, 1H); 13C NMR [100MHz, D20]: 8
171.1, 157.9aten . gvaaddad s andestirred at room temperature for 4 hours, and the

catalyst was filtered out with a recovery rate of 88.2%. The filtrate was
rotary-dried, loaded and eluted by a silica gel column after dissolving the
sample with dichloromethane, the catalyst and phenol were eluted by
petroleum ether : ethyl acetate : glacial acetic acid = 600:200:16, and the
ortho- and para- products were eluted by petroleum ether : ethyl acetate =
3250:3250. 1.47 g para-product, yield 62%, melting point: 147-148 °C,
ee=90%. (HPLC conditions: chiralPAK AD-H 5 pm, 4.6x250 mm
chromatographic column, n-hexane/isopropanol=9:1 was the mobile phase,
the flow rate was 1.0 mL/min, the maximum absorption wavelength was
229 nm).

[116] 'HNMR [400 MHz, CDCl5]: § 7.17 (d, J = 8.4 Hz, 2H), 6.73 (d, J
= 8.4 Hz, 2H), 6.58 (d, J = 6.4 Hz, 1H), 5.47 (d, J = 6.8 Hz, 1H),
4.27-4.10 (m, 2H), 2.04 (s, 3H), 1.21 (t, J = 7.2 Hz, 3H); °C NMR [100
MHz, CDCl;]: 6 171.4, 170.0, 156.5, 128.7, 128.4, 116.1, 62.2, 56.3, 23.4,
14.2.

[117]  The single crystal figure of D-ethyl-2-acetamido-2-(4-hydroxy
phenyl)acetate is shown in Figure 1.

[118] The D-ethyl-2-acetamido-2-(4-hydroxyphenyl)acetate obtained in
the method provided by the present invention was prepared into
levorotatory p-hydroxyphenylglycine hydrochloride, the synthetic route is

shown as follows:



Example 2 Gompapatiyg@xample: [122] Synthesis of ethyl 2-benzamido-hydroxyacetate, the synthetic
route is shown as follow: 0P1312-10-0035 -27/54- [124] Benzamide (7.21 g, 60 mmol), ethyl
glyoxalate (50% solution in toluene, 10.32 g, 50 mmol), 55 mL ethyl acetate were sequentially added
into a 250 mL eggplant-shaped flask, and started to stir, and started to heat, when the temperature
reached 53 C, the reaction solution changed frenp gyspspension into a colorless transparent liquid.
Continued to heat, and reacted under reflux at 77.06 C for 13 h, then stopped heating and stirred at
room temperature overnight, and w d precipitate was precipitategh filtered by suction, and the filter
cake was soaked and washed with-8%5 mL ethyl acetate, and vaclyum-dried at 40 C, to obtain 7.08 g

white solid, the yield was 63.5%, neltigg temperanlfd H¥h-115 25] 143NMR [400 MHz, CDC13]:
87.81 (d, J= 7.6 Hz, 2H ), 7.58-248 [.2H), 7.4 (i 6h6 Hz, 2Ky75.81 (d, J=7.2 Hz, 1H), 4.57 (s,
1H), 4.32 (q, J= 7.2 Hz, 2H), 1é£ 72b#7, 3H); 13C NMR [ 100MHz,CDC13]: 8 169.7, 168.2,

133.1, 132.6, 128.9, 127.5, 72.9, 612 9,4 43, [126] Synthesis dfN" "COOH
DL-ethyl-2-benzamido-2-(4-hydroxyphenyl) acetate, the synthetic route is shown as follows: OH 0 OH

[119]  Specific operational steps are as follows:

[120] 0.1 g D-ethyl-2-acetamido-2-(4-hydroxyphenyl)acetate, 2 mL
concentrated hydrochloric acid (12 N hydrochloric acid) were sequentially
added into a 10 mL schlenk tube, and started to stir, and refluxed at 100 °C
for 6.5 h, then the reaction was terminated, the reaction solution was
rotary-dried to obtain 81.1 mg pale yellow solid, the yield was 95.1%.
[a]p>"=-90°(c=1.0, water).

[121] 'HNMR [400 MHz, D,0]: §7.30 (d, /= 8.4 Hz, 2H ), 6.90 (d, J =
8.8 Hz, 2H), 5.07 (s, 1H); °C NMR [100MHz, D,0]: § 171.1, 157.0, 129.8,

123.2,116.3, 56.1.

Example 2
Comparative example:
[122]  Synthesis of ethyl 2-benzamido-hydroxyacetate, the synthetic route

is shown as follow:

j]\ % O Ethyl acetate O OH
Ph” NH, | O g Ph)J\N o
0 reflux H
O

[123]  Specific operational steps are as follows:



iISOH 0 HCH@etrefluxy g H [127] Specific operational steps are as follows: [128] Ethyl
2-benzamido-2-hydroxyacetate (2.23 g, 10 mmol), TsOH 0P1312-10-0035 -28/54- (0.35 g, 2 mmol),
PhOH (1.14 g, 12 mmol), 10 mL CH3CN were sequentially added into a 50 mL eggplant-shaped flask,
and started to stir, and started to heat, when the temperature reached 48 C, the reaction solution
changed from a suspension into a colorless transpaiant liquid. Continued to heat, and the reaction was
terminated after refluxing for 13.5 h. Separated by column chromatography, and the para-product was
eluted by pd#2#um Betnzamaityl Géethtes; 300, whiodl waathyligty eoithto. 66 @ o/istdutmposnmelting
point: 156-157 C.

toluene, 10.32 g, 50 mmol), 55 mL ethyl acetate were sequentially added

into a 250 mL eggplant-shaped flask, and started to stir, and started to heat,

when the temperature reached 53 °C, the reaction solution changed from a

suspension into a colorless transparent liquid. Continued to heat, and

reacted under reflux at 77.06 °C for 13 h, then stopped heating and stirred

at room temperature overnight, and white precipitate was precipitated,

filtered by suction, and the filter cake was soaked and washed with 3x5 mL

ethyl acetate, and vacuum-dried at 40 °C, to obtain 7.08 g white solid, the

yield was 63.5%, melting temperature: 114-115 °C.

[125] 'H NMR [400 MHz, CDCl;]: 7.81 (d, J= 7.6 Hz, 2H ), 7.58-7.48

(m,2H), 7.44 (t, J= 7.6 Hz, 2H), 5.81 (d, J= 7.2 Hz, 1H), 4.57 (s, 1H), 4.32

(q, J= 7.2 Hz, 2H), 1.34 (t, J = 7.2 Hz, 3H); °C NMR [ 100MHz,CDCl;]:

0169.7,168.2, 133.1, 132.6, 128.9, 127.5, 72.9, 62.9, 14.3.

[126]  Synthesis of DL-ethyl-2-benzamido-2-(4-hydroxyphenyl) acetate,

the synthetic route is shown as follows:

OH

)\“/D'\.._,,/ TEDH O
+
CHyON reflux ey O
H

9]

[127]  Specific operational steps are as follows:

[128] Ethyl 2-benzamido-2-hydroxyacetate (2.23 g, 10 mmol), TsOH



[129] 1H NM&P[400 Widgod4e0D]: 8 8.78 (d, J= 6 .0Hz, 1H ), 7.84 (d, J = 7.2 Hz, 2H), 7.52 (t, J= 7.6
Hz, 1H), 7.44 (t, J= 7.6 Hz, 2H), 7.29 (d, J= 8.8 Hz, 2H), 6.81 (d, J= 8.8 Hz, 2H), 5.60-5.50(m, 1H),
4.24-4.15 (m, 2H), 1.22 (t, J = 7.2 Hz, 3H); 13C NMR [100MHz, Me0OD]: 8 172.7, 170.2, 158.9, 135.1,
132.8, 130.4, 129.5, 128.6, 127.9, 116.6, 62.6, 58.7, 14.4. [130] The synthetic method provided by the
present invention: [131] Syntheis of ethyl 2-benzagmdo-2-hydroxyacetate, the synthetic route is shown

as follows: O0Ethyl acetate0 OH Ph' N [132] Specific operational steps are as follows: [133]
Benzamide((r 21 6@ mmoinldrhPlyybkalbtd 450 dalutiomioliolukhemlo. I2H; GOmwiety 55 mL

ethyl acetate were sequentially added into a 250 mL eggplant-shaped flask, and started to stir, and

started to s Of1ét17-40RB 2054 wirendg semesfaiea! ehahe 5 Suhedaisig, soluton

changed from a suspension into a colorless transparent liquid. Continued to heat, and reacted under

reflux at 77,06,C h to heatin ' enmpesaturg qvernight, white
precipitate \?agaﬁsi psrfte%gljgﬁlaﬁte(%j,aﬁtaeﬁfe%ﬁ%u%%%n?egr?g eti%{&ﬁ‘taé?ﬁél%%dasqg)ag’d g?ngd \?Négs%&glwith 3 x5
mL ethyl acetate, and yacuu -(%ried at 40 C, to qbtain 7.08 g white solid, the yield was 63.5%, melting
temperaturé®14Uo S Ranged AN MRS RN A1 8 @91 QHIQES JLaRPIENSHYIHIG8-7 48(m,
2H), 7.44 (t, J= 7.6 Hz, 2H), 5.81 (d, J= 7.2 Hz, 1H), 4.57 (s, 1H), 4.32 (q, J = 7.2 Hz, 2H), 1.34 (t, J =
7.2 Hz, 3H)COBONME fol bemHacnibe s 1ien. Fyvasscanizad afis; iouxing7ier 1349 62.9, 14.3.

h. Separated by column chromatography, and the para-product was eluted
by petroleum ether / ethyl acetate=3:1, which was a white solid, 0.66 g,
yield 22.2%, melting point: 156-157 °C.

[129] 'HNMR [400 MHz, MeOD]: 5 8.78 (d, J=6 .0Hz, 1H ), 7.84 (d, J
=7.2 Hz, 2H), 7.52 (t, J= 7.6 Hz, 1H), 7.44 (t, J= 7.6 Hz, 2H), 7.29 (d, J =
8.8 Hz , 2H), 6.81 (d, J = 8.8 Hz, 2H), 5.60-5.50(m, 1H), 4.24-4.15 (m, 2H),
1.22 (t, J = 7.2 Hz, 3H); °C NMR [100MHz, MeOD]: & 172.7, 170.2,
158.9, 135.1, 132.8, 130.4, 129.5, 128.6, 127.9, 116.6, 62.6, 58.7, 14.4.

[130] The synthetic method provided by the present invention:

[131] Syntheis of ethyl 2-benzamido-2-hydroxyacetate, the synthetic

route 1s shown as follows:

j\ i 0 Ethyl acetate O OH
P NH, O g~ Ph'JJ\N O
o reflux H d

[132]  Specific operational steps are as follows:
[133] Benzamide (7.21 g, 60 mmol), ethyl glyoxalate (50% solution in
toluene, 10.32 g, 50 mmol), 55 mL ethyl acetate were sequentially added

into a 250 mL eggplant-shaped flask, and started to stir, and started to heat,



[135] Syntheass) af Rethyl32-benzamido-2-(4-hydroxyphenyl)acetate, the synthetic route is shown as
follows: [136] Specific operational steps are as follows: [137] Ethyl 2-benzamido-2-acetate (0.223 g,
1 mmol), chiral phosphoric acid (0 1 mmol) (wherein, Ar is selected from the group consisting of
0P1312-10-0035 -30/54- hydrogen, phenyl, 2,4,6-triisopropylphenyl, 3,5-bis(trifluoromethyl)phenyl,
fl-naphthyl, triphenylsilyl, 9-anthryl, 4-biphenylyl-4enigophenyl, 9-phenanthryl, 4-methoxyphenyl, and
4-nitrophenyl), PhOH (0.112 g, 1.2 mmol), 2 mL CH3CN were sequentially added into a 10 mL schlenk
tube, and stahed thetigrapdrstarted eatleed, And€hetheartiaetivassehitinatehangedefioting at 81.6 C
for 23.5 h 1 2 mL water was added, and the catalyst was precipitated, filtered, and the filtrate was

rotary-drieds )t askataipdddyac@loion ebsommatagaRy, Prriidl a0dmirs ofcatelyst wade eluted by
petroleum ether / ethyl acetate=5:1, and para-product was eluted by petroleum ether / ethyl

scetate=3:1uylie WASA YEHG SOl ADMSCHRP 13 400E8-8F, R anlions, hiralCEL

OD-H 5 um, mm chromatographic column, n sopropanol= was the mobile
phase, the flow rate was 1 0 mL/min, and the maximum apsorption wavelength was ?9 nm) [138] 1H
: z?"éﬁl< 5“—3’7.

NMR [400 RHLGBEARPEHEE VALY (¢ PIESIPEIeYAHPrEgR i f§redhy, 7.23 (d,
J= 8.8 Hz, 2H), 6.70 (d, J= 8.4 Hz , 2H), 6.41 (s, 1H), 5.64 (d, J= 6.8 Hz, 1H), 4.32-4.13 (m, 2H), 1.23
(t, J= 7.2 HbY3r)¢ctiaa, NmdR thodilter, @be v8)sSoaks] aed wadeed with73 132ml1okhy] 128.7,
128.2, 127.4, 116.2, 62.3, 56.7, 14.2. Example 3

acetate, and vacuum-dried at 40 °C, to obtain 7.08 g white solid, the yield

was 63.5%, melting temperature: 114-115 °C.

(134 'H NMR [400 MHz, CDCL]: 87.81 (d, J = 7.6 Hz, 2H ),

7.58-7.48(m, 2H), 7.44 (t, J= 7.6 Hz, 2H), 5.81 (d, J= 7.2 Hz, 1H), 4.57 (s,

1H), 4.32 (q, J = 7.2 Hz, 2H), 134 (t, J = 7.2 Hz, 3H); "C NMR

[ 1I00MHz,CDCl;]: 6 169.7, 168.2, 133.1, 132.6, 128.9, 127.5, 72.9, 62.9,

14.3.

[135]  Synthesis of D-ethyl-2-benzamido-2-(4-hydroxyphenyl)acetate, the

synthetic route is shown as follows:
Ar
GG O F,,C' OH

o]
) /JJ\N 0.~
H

o

Acetonitrile

[136]  Specific operational steps are as follows:
[137]  Ethyl 2-benzamido-2-acetate (0.223 g, 1 mmol), chiral phosphoric

acid (0.1 mmol) (wherein, Ar is selected from the group consisting of



Comparativeognanplg)-@33312-10-0035 -31/54- [139] Synthesis of ethyl
2-tert-butoxycarbonylamino-2-hydroxyacetate, the synthetic route is shown as follows: 0 tO NI-f2 it,
OHONO

—30/54—

hydrogen, phenyl, 2,4,6-triisopropylphenyl, 3,5-bis(trifluoromethyl)phenyl,
[-naphthyl, triphenylsilyl, 9-anthryl, 4-biphenylyl, 4-nitrophenyl,
9-phenanthryl, 4-methoxyphenyl, and 4-nitrophenyl), PhOH (0.112 g, 1.2
mmol), 2 mL. CH;CN were sequentially added into a 10 mL schlenk tube,
and started to stir, and started to heat, and the reaction was terminated after
refluxing at 81.6 °C for 23.5 h. 1.2 mL water was added, and the catalyst
was precipitated, filtered, and the filtrate was rotary-dried, and separated by
column chromatography, phenol and the rest of catalyst were eluted by
petroleum ether / ethyl acetate=5:1, and para-product was eluted by
petroleum ether / ethyl acetate=3:1, which was a white solid, 40 mg, yield
13.4%. ee=88.1% (HPLC conditions: Chiral CEL OD-H 5 pm, 4.6x250 mm
chromatographic column, n-hexane/isopropanol=90:10 was the mobile
phase, the flow rate was 1.0 mL/min, and the maximum absorption
wavelength was 229 nm).

[138] 'H NMR [400 MHz, CDCl;]: & 7.83 (d, J= 6.8 Hz, 2H ), 7.62-7.52
(m, 1H), 7.44 (t, J= 7.6 Hz, 2H), 7.23 (d, J = 8.8 Hz, 2H), 6.70 (d, J = 8.4
Hz , 2H), 6.41 (s, 1H), 5.64 (d, J= 6.8 Hz, 1H), 4.32-4.13 (m, 2H), 1.23 (t,
J=7.2Hz, 3H); °C NMR [100MHz, CDCl;]: § 171.5, 167.1, 156.7, 133.7,

132.2,128.9, 128.7, 128.2, 127.4, 116.2, 62.3, 56.7, 14.2.

Example 3

Comparative example:



[140] Specifioppsrationgd sieps are as follows: [141] Boc-NH2 (6.15 g, 52 5 mmol), ethyl glyoxalate
(50% solution in toluene, 10.29 g, 50 mmol), 15 mL CHC13 were sequentially added into a 50 mL
eggplant-shaped flask, and started to stir, the reaction solution was a colorless transparent liquid, and
reacted under reflux at 61.70 C for 60 h, then the reaction was terminated. Separated by column
chromatography, and the target product was eluteq/by-petroleum ether / ethyl acetate=8:1, which was
a white solid, 8.02 g, yield 73.2%, melting point: 54-56 C. [142] 11-1NMR [400 MHz, CDC13]: 8 5.89

(d, J = 8.0 H139H ), 5yglissiHp . ethyd, 2HEM-botoacanhor)]aniB¢s2dr)diosy agetate,2 Hz, 3H);
13C NMR [100MHz, CDC13]: 8 169.8, 155.1, 81.1, 73. 6, 62. 6, 28.4, 14.2. [143] Synthesis of

DL-ethyI-Z-mg-bym&gﬂm@ﬁyéamm&%dgyﬂm&mhenyl)acetate, the synthetic route is shown as
follows: 0P1312-10-0035 -32/54- [145] Ethyl 2-tert-butoxycarbonylamino-2-hydroxyacetate (423.3

mg, 1.93 mmol), TsOH (33.9 mg, 0.19 mmol), PhOH (218.0 mg, 2. 32 olb -5 mL CHC13 were
sequentially added into nTEOeg plant haped flaSkCnd rea eflug for 11 h, then the
reaction was terminated. Sepasate rehromaiggraphy; and-‘-’ g%ﬁﬁrddﬂf:t was eluted by
petroleum / ethyl acetate=6:1, WhICh was an off-white solid, 85.4 mg, yleI 15%. [146] 1H NMR [400
MHz, CDC13]:6 7.12 (d, J= 8.0 Hz, 2H ) , 6.70 (d, J = 7.6 Hz, 2H), 5.66 (d, J = 6.4 Hz , 1H), 5.17 (d, J
= 6.8 Hz, 1H|),4a]16-5.pec(1ﬁ,<29|p,e1a4m(9,19aﬂ9p$.am(qufelbosvsiz, 3H); 13C NMR [100MHz, CDC13]:6
171.7, 156.8, 155.3, 128.5, 128.1, 116.0, 80.7, 62.0, 57.4, 28.4, 14.1. [147] The synthetic method
provided by|thg presBaCINEDLER:15 g, 52.5 mmol), ethyl glyoxalate (50% solution in

toluene, 10.29 g, 50 mmol), 15 mL CHCI; were sequentially added into a

50 mL eggplant-shaped flask, and started to stir, the reaction solution was a

colorless transparent liquid, and reacted under reflux at 61.70 °C for 60 h,

then the reaction was terminated. Separated by column chromatography,

and the target product was eluted by petroleum ether / ethyl acetate=8:1,

which was a white solid, 8.02 g, yield 73.2%, melting point: 54-56 °C.

[142] 'HNMR [400 MHz, CDCl5]: 6 5.89 (d, J = 8.0 Hz, 1H ), 5.39 (s,

1H), 4.38 (s, 1H), 4.30-4.21 (m, 2H), 1.43 (s, 9H), 1.30 (t, J= 7.2 Hz, 3H);

C NMR [100MHz, CDCl5]: § 169.8, 155.1, 81.1, 73. 6, 62. 6, 28.4, 14.2.

[143]  Synthesis of DL-ethyl-2-tert-butoxycarbonylamino-2-(4-hydroxy

phenyl)acetate, the synthetic route is shown as follows:

OH

0N
>y

CDCly, reflux

[144]  Specific steps are as follows:



[148] Synthas af ethyld@isrt-butoxycarbonylamino-2-hydroxyacetate, the synthetic route is shown as
follows: [149] Specific operational steps are as follows: [150] Boc-NH2 (6.15 g, 52 5 mmol), ethyl
glyoxalate (50% solution in toluene, 10.29 g, 50 mmol), 15 mL CHC13 were sequentially added into a
50 mL eggplant-shaped flask, and started to stir, the reaction solution was a 0P1312-10-0035 -33/54-
colorless transparent liquid, and reacted under +eflyxpt 61.70 C for 60 h, then the reaction was
terminated. Separated by column chromatography, and the target product was eluted by petroleum

ether / ethyl[&48tateE8hy Wwhletertdsuontyicaduwiay Bonngylehy dsmomentiing pbidt:5488,C. [151]
iHNMR [400 MHz, CDC13]: 8 5.89 (d, J = 8 Hz, 1H ), 5.39 (s, 1H), 4.38 (s, 1H), 4.30-4.21 (m, 2H),

1.43 (s, 9H)L 930G dt) 7 PsI3HB .93 HNNR BLeAM bR, PROTE](B1850.814.53.328MindB, 6, 62. 6,
28.4, 14.2. [152] Synthesis of D-ethyl-2-tert-butoxycarbonylamino-2-(4-hydroxy phenyl)acetate, the
synthetic royite {ﬁﬁf@ﬁ@ﬁs&%&%equmﬁally added into a 25 mL eggplant-shaped flask,
and reacted under reflux for 11 h, then the reaction was terminated.
Separated by column chromatography, and the para-product was eluted by
petroleum / ethyl acetate=6:1, which was an off-white solid, 85.4 mg, yield
15%.
[146] 'HNMR [400 MHz, CDCl;]:8 7.12 (d,J=8.0 Hz, 2H ), 6.70 (d,
J =17.6 Hz, 2H), 5.66 (d, J = 6.4 Hz , 1H), 5.17 (d, J = 6.8 Hz, 1H),
4.16-4.07 (m,2H), 1.42 (s, 9H), 1.16 (t, J = 6.8 Hz, 3H); "“C NMR
[I00MHz, CDCIl;5]:6 171.7, 156.8, 155.3, 128.5, 128.1, 116.0, 80.7, 62.0,
57.4,28.4,14.1.
[147]  The synthetic method provided by the present invention:

[148] Synthesis of ethyl 2-tert-butoxycarbonylamino-2-hydroxyacetate,

the synthetic route is shown as follows:

reflux

SO g e AT,
NH, O So™~ o HJ\g““’f

[149]  Specific operational steps are as follows:
[150] Boc-NH, (6.15 g, 52.5 mmol), ethyl glyoxalate (50% solution in
toluene, 10.29 g, 50 mmol), 15 mL CHCI; were sequentially added into a

50 mL eggplant-shaped flask, and started to stir, the reaction solution was a



[153] Specifioppsrationgd s$eps are as follows: [154] Ethyl
2-tert-butoxycarbonylamino-2-hydroxyacetate (0.44 g, 2 mmol), 0 2 mmol chiral phosphoric acid (Ar is
selected from the group consistingofhydrogen,phenyl,2,4,6-triisopropylphenyl,
3,5-bis(trifluoromethyl)phenyl, fl-naphthyl, triphenylsilyl, 9-anthryl, 4-biphenylyl, 4-nitrophenyl,
9-phenanthryl, 4-methoxyphenyl, and 4-nitrophemyj)sphenol (0.23 g, 2 4 mmol), 10 mL acetonitrile
were sequentially added into a 25 mL two-necked bottle, and reacted under reflux at 81.6 C for 12
hours and X®hilesssirenaparentiicioa wasd orackzl 10dosseBasat tehniihdtedsepalated by

column chromatography, and 0.10 g para-product was eluted by petroleum ether / ethyl acetate /

glacial acetip@gidhé 0:8:%ionhighayvas el Ratvdits Golichtyie 6 &% ner=3:6rdidBE4p Ronditions:
ChiralCEL OD-H 5 pm, 4.6x250 mm chromatographic column, n-hexane/isopropanol1=92.5:7.5 was

the mobile sa, th ] [ Sorpi hywas 229
). [155] THTNATR ROtk P o s Tt L e s A e . 5
=6 Hz, 1H), 5.18 (d, J = 6.8 Hz, 1H), 4,20-4.09 ( Hnd,43 (s, 9H), 1.18 (t, J = Hz, 3H); 13C
NMR [100Mﬁ?,°%ﬂ@fﬁ:8vgﬁf§,"r’éb%ﬁ)%&4¥ lfg]é.%?izzé{s?&eﬂ%i&é&#}%%.fﬁj%&%-zs.s, 14.2.
Example 4 [156] Syqthesis of phenoxytrimethylsilane, the synthetic route is shown as follows:

[151] HNMR [400 MHz, CDCls]: 6 5.89 (d, /=8 Hz, 1H ), 5.39 (s, 1H),

4.38 (s, 1H), 4.30-4.21 (m, 2H), 1.43 (s, 9H), 1.30 (t, J = 7.2 Hz, 3H); Bc

NMR [100MHz, CDCI;]: 6 169.8, 155.1, 81.1, 73. 6, 62. 6, 28.4, 14.2.

[152]  Synthesis of D-ethyl-2-tert-butoxycarbonylamino-2-(4-hydroxy

phenyl)acetate, the synthetic route is shown as follow:

o
o OH
g™
O/F(“OH
)y tx OH i gg - o
D’JLH)}I/OM/ + @ /]%'JJ\N Du,v,z
L

Acetonitiile

[153] Specific operational steps are as follows:

[154] Ethyl 2-tert-butoxycarbonylamino-2-hydroxyacetate (0.44 g, 2
mmol), 0.2 mmol chiral phosphoric acid (Ar is selected from the group
consisting of hydrogen, phenyl, 2,4,6-triisopropylphenyl,
3,5-bis(trifluoromethyl)phenyl,  S-naphthyl, triphenylsilyl, 9-anthryl,
4-biphenylyl, 4-nitrophenyl, 9-phenanthryl, 4-methoxyphenyl, and
4-nitrophenyl), phenol (0.23 g, 2.4 mmol), 10 mL acetonitrile were
sequentially added into a 25 mL two-necked bottle, and reacted under

reflux at 81.6 °C for 12 hours and 15 minutes, then the reaction was



[157] Specifiopperationgdsteps are as follows: [158] 1.88 g phenol (20 mmol), 1.63 g imidazole (24
mmol), 30 mL dichloromethane, 3.1 mL trimethylchlorosilane (24 mmol) were sequentially added into a
100 mL eggplant-shaped flask, and reacted under reflux at 40 C for 46 hours, then the reaction was
terminated. The reaction 0P1312-10-0035 -35/54- solution was rotary-dried, and eluted by a silica gel
column, 0.56 g product was eluted with pure petrglgsum-ether, which was a colorless oily liquid, yield
17%. [159] IHNMR [400 MHz, CDC13]:87.31-7.27 (m, 2H), 7.02 (t, J = 7.6 Hz, 1H), 6.92 (d, J = 8.0
Hz, 2H), 0.3ar(se#pdl 3% pavirdd doyviedd uomGdsjoas i taplrg, antb 9,6 012ar@ arodsd] Syntheis

of ethyl 2-acetamido-2-hydroxyacetate, the synthetic route is shown as follows:
was eluted by petroleum ether / ethyl acetate / glacial acetic acid=70:10:5,

which was an off-white solid, yield 16.9%. ee=93.6% (HPLC conditions:
ChiralCEL OD-H 5 pm, 4.6x250 mm chromatographic column,
n-hexane/isopropanol=92.5:7.5 was the mobile phase, the flow rate was 0.5
mL/min, and the maximum absorption wavelength was 229 nm).

[155] 'H NMR [400 MHz, CDCl3]: 8 7.14 (d, J=7.6 Hz, 2H ) , 6.72 (d,
J=8.4 Hz, 2H), 5.62 (d, /= 6 Hz, 1H), 5.18 (d, J= 6.8 Hz, 1H), 4.20-4.09
(m, 2H), 1.43 (s, 9H), 1.18 (t, J = 6.8 Hz, 3H); "C NMR [100MHz,
CDCI;5]:6 171.8, 156.6, 155.4, 128.6, 128.3, 116.0, 80.7, 62.0, 57.4, 28.5,

14.2.

Example 4
[156] Synthesis of phenoxytrimethylsilane, the synthetic route is shown

as follows:

OH | Tinadazole |
+ =5-C —mem——— g
| CH,Cly ST

[157]  Specific operational steps are as follows:

[158] 1.88 g phenol (20 mmol), 1.63 g imidazole (24 mmol), 30 mL
dichloromethane, 3.1 mL trimethylchlorosilane (24 mmol) were
sequentially added into a 100 mL eggplant-shaped flask, and reacted under

reflux at 40 °C for 46 hours, then the reaction was terminated. The reaction



[161] Specifioppsrationgd sieps are as follows: [162] Acetamide (1.47 g, 25 mmol), ethyl glyoxalate
(50% solution in toluene, 5.35 g, 26.25 mmol), 20 mL ethyl acetate were added sequentially into a 50
mL eggplant-shaped flask. And they were reacted under reflux at 77.06 Cfor 45 h, then cooled to a
temperature of 25 C, plenty of white precipitate was precipitated, filtered by suction, and vacuum-dried
at 45 C for 11 h. 2.48 g white solid was obtained,3anlithe molar yield was 62%. [163] IHNMR
[400MHz, CDC13]: 6 6.99 (d, J = 6.4 Hz,1H ), 5.65-5.50 (m"1H), 4.69 (d, J= 5.6 Hz, 1H), 4.27 (q, J =
7.2 Hz, 2H)s@lodas, WAy, merytdried,zand, dued s psyhitaesiel afolumn, 0.56 g product
D-ethyl-2-acetamido-2-(4-hydroxyphenyl)acetate, the synthetic route is shown as follows:
0P1312-10Wa35tabéad wllibhirpeptizslearatietadstephiale waloHowsiof1&R] 8y Mguathy!
2-acetamido-2- hydroxyacetate (0.2 mmol), 0.01 mmol catalyst chiral phosphoric acid (Ar is selected
from the gr?#&h tlngofhydrogen phenyl,2,4,6-triisopropylphenyl, 3,5-bis(trifluoromethyl)phenyl,
fl-naphthyl, enyIS|fyI 9-anthryl, 4-biphenylyl, 4-nitrophenyl, 9-phenanthryl, 4- methoxyphenyl and

2 NVIR 1335 SO TALNAD M7 Yot o B0 € 1m0 - i acid DB  for 19

hours, then the reaction was terminated. The reaction solu} n was rotary-dried, separated by silica gel
column, and Bng.febddct a8 ikt @ith.pepdidamdéner CetWVH&e[th@éMH,Zyué]EQigiO/é
ee=97.4%. (HPLC conditions: chiralPAK AD-H 5 ism, 4.6x250 mm chromatographic column,
n-hexane/isppsopan29):1 xas the mdbesphase, the flow rate was 1.0 mL/min, and the maximum
absorption wavelength was 229 nm) [167] 1H NMR [400 MHz, CDC13]: 8 7.17 (d, J= 8.4 Hz, 2H),

o130, )= g’ (t@n@qzé%(d 31;4 &tz h0e ARy &% @ abe il HantHkyhitetid0 (M. 2H),

2.04 (s, 3H), 1

route is shown as follows:

8] 8] Fthvl acetate i OH 5
A - N ’I\rr S
/”\ NH; ﬁ/ll\of\"‘ Reflux H o

[161]  Specific operational steps are as follows:

[162] Acetamide (1.47 g, 25 mmol), ethyl glyoxalate (50% solution in
toluene, 5.35 g, 26.25 mmol), 20 mL ethyl acetate were added sequentially
into a 50 mL eggplant-shaped flask. And they were reacted under reflux at
77.06 °Cfor 45 h, then cooled to a temperature of 25 °C, plenty of white
precipitate was precipitated, filtered by suction, and vacuum-dried at 45 °C
for 11 h. 2.48 g white solid was obtained, and the molar yield was 62%.
[163] 'HNMR [400MHz, CDCLs]: & 6.99 (d, J = 6.4 Hz,1H ), 5.65-5.50
(m, ,1H), 4.69 (d, J = 5.6 Hz, 1H), 4.27 (q, J = 7.2 Hz, 2H), 2.04 (s, 3H),
1.31 (t, J= 7.2 Hz, 3H).

[164] Synthesis of D-ethyl-2-acetamido-2-(4-hydroxyphenyl)acetate, the

synthetic route is shown as follows:



0P1312-10-Q03 137154([168] Synthesis of levorotatory p-hydroxyphenylglycine hydrochloride, the
synthetic route is shown as follows: [169] Specific operational steps are as follows: [170] 99.3 mg
D-ethyl-2-acetamido-2-(4-hydroxyphenyl)acetate (0.42 mmol), 2 mL 6 N hydrochloric acid were
sequentially added into a 10 mL schlenk tube, and started to stir, reacted at 60 C for 45 h, then the
reaction was terminated, the reaction solution wasg@gtary-dried, to obtain 66.8 mg white solid, yield
95%. [a]20-99.7(c1 .0, water). [171] 1H NMR [400 MHz, D20]: 87.35 (d, J= 8.8 Hz, 2H) , 6.96 (d, J=
8.8 Hz, 2H), 5.09 (s, 1H); 13C NMR [100MHz, @e ,157.1, 129.8, 123.4, 116.3, 56.2.

Example 5 o F{/ OH
| o~ TOH
siZ
O OH -0 g 0
Ar
)I\N)ﬁrowj 4 @ = )I\N 0. .~
H 0 H o

[165]  Specific operational steps are as follows:

[166] 16.1 mg ethyl 2-acetamido-2-hydroxyacetate (0.1 mmol), 0.01
mmol catalyst chiral phosphoric acid (Ar is selected from the group
consisting of hydrogen, phenyl, 2,4,6-triisopropylphenyl,
3,5-bis(trifluoromethyl)phenyl,  f-naphthyl, triphenylsilyl, 9-anthryl,
4-biphenylyl, 4-nitrophenyl, 9-phenanthryl, 4-methoxyphenyl, and
4-nitrophenyl), 20 mg phenoxytrimethylsilane (0.12 mmol), 0.6 mL
CD;CN were sequentially add into an NMR tube with @=5 mm, /=180 mm,
and reacted at 60 °C for 29 hours, then reacted at 80 °C for 19 hours, then
the reaction was terminated. The reaction solution was rotary-dried,
separated by silica gel column, and 5 mg product was eluted with
petroleum ether : ethyl acetate=4:5, yield 21.1%. ee=97.4%. (HPLC
conditions: chiralPAK AD-H 5 pm, 4.6x250 mm chromatographic column,
n-hexane/isopropanol=9:1 was the mobile phase, the flow rate was 1.0
mL/min, and the maximum absorption wavelength was 229 nm).

[167] 'H NMR [400 MHz, CDCl5]: 6 7.17 (d, J= 8.4 Hz, 2H), 6.73 (d,
J=8.8 Hz, 2H), 6.56 (d, J= 6.4 Hz, 1H), 6.44(s,1H),5.46 (d, J= 6.8 Hz,

1H), 4.32-4.10 (m, 2H), 2.04 (s, 3H), 1.21 (t, J= 7.2 Hz, 3H).



[172] Synthas af ethyl@sgetamido-2-hydroxyacetate, the synthetic route is shown as follows: [173]
Specific operational steps are as follows: [174] Acetamide (1.47 g, 25 mmol), ethyl glyoxalate (50%
solution in 0P1312-10-0035 -38/54- toluene, 5.35 g, 26.25 mmol), 20 mL acetone were sequentially
added into a 50 mL eggplant-shaped flask. They were reacted under reflux at 56.2 C for 45 h, and
then cooled to a temperature 25 C, and plenty of prggipitate was precipitated, filtered by suction,
vacuum-dried at 45 C for 11 h. 1.76 g white solid was obtained, and the molar yield was 43.82%.

[175] 11-1NN68[400MHtheix 03]l eves2{sonH P- Byslraxsypleriyidlycue analtegidiayideos (s, 3H),
1.33 (t, J = 7.2 Hz, 3H).

the synthetic route is shown as follows:

6N HCI
O 60°C

/J'L'N“" o‘x.f

Ho 9

. HCI
HaN™ “COOH

[169]  Specific operational steps are as follows:

[170] 99.3 mg D-ethyl-2-acetamido-2-(4-hydroxyphenyl)acetate (0.42
mmol), 2 mL 6 N hydrochloric acid were sequentially added into a 10 mL
schlenk tube, and started to stir, reacted at 60 °C for 45 h, then the reaction
was terminated, the reaction solution was rotary-dried, to obtain 66.8 mg
white solid, yield 95%. [a]p>"=-99.7°(c=1.0, water).

[171] 'H NMR [400 MHz, D,0]: §7.35 (d, J=8.8 Hz, 2H ), 6.96 (d, J =
8.8 Hz , 2H), 5.09 (s, 1H); °C NMR [100MHz, D,0]: § 171.3, 157.1, 129.8,

123.4,116.3, 56.2.

Example 5
[172] Synthesis of ethyl 2-acetamido-2-hydroxyacetate, the synthetic

route is shown as follows:

O (8] ju‘ etone ‘J-l\
8]
+ h.“_,f"f

Re-ﬂlu

[173]  Specific operational steps are as follows:

[174]  Acetamide (1.47 g, 25 mmol), ethyl glyoxalate (50% solution in



[176] Synthas| af Rethyyl3R-acetamido-2-(4-hydroxyphenyl)acetate, the synthetic route is shown as
follows: [177] Specific operational steps are as follows: [178] 161 mg ethyl
2-acetamido-2-hydroxyacetate (1 mmol), 0.01 mmol catalyst chiral phosphoric acid (Ar is selected
from the group consisting of hydrogen, phenyl, 2,4,6-triisopropylphenyl, 3,5-bis(trifluoromethyl)phenyl,
fl-naphthyl, triphenylsilyl, 9-anthryl, 4-biphenylyl-4gnigophenyl, 9-phenanthryl, 4-methoxyphenyl, and
4-nitrophenyl), 423 mg phenol (4.5 mmol), 6mL CDC13 were added sequentially into a 25 mL
eggplant-sHapeenitask Jang rééciedmnsol & /) 225 dnimeherirescqgdeat 621y askdesl5nto
0P1312-10-0035 -39/54- hours, then the reaction was terminated. The reaction solution was

rotary-drieds the pi@dusbwhmseprrasediinskiliqehee! Golinbaned Gridemas fhpkogsbiras@luted with
petroleum ether : ethyl acetate : methano1=25:25:1, yield 7%. ee=93.1%. (HPLC conditions: chiralPAK

AD-H 5 um¢4.6 r phic.c - ' =9: L. ile phase,
the flow ratgov{/azl'(s,g f}% %@%ﬁr@ﬁ%&g&%nﬁ% g‘%)s rpt%ﬁ%?\}gli%%%ﬁg@%fg n&m;f il&fhgf{%f—%)NMR [400
MHz, CDC13]: 8 7.15 (d, J=,7.6 Hz, 2H ), 6.71. (d, J = 8.4 Hz, 2H), 6.59 (S, 1H), 5.46 (d, J = 6.8 Hz,
TH), 4.29-4 A RHeSR oI5 A 0 o5k s(ucwvavmslgmy.dﬂ%%ﬁég hg:sg?)flléjbrétgt@r%
p-hydroxyphenylglycine hydrochloride, the synthetic route is shown as follows:

white solid was obtained, and the molar yield was 43.82%.

175 Z, 3]s . S, , J.01-5. m, , ,

(175] 'HNMR [400MHz, CDCL]: & 6.82 (s, 1H ), 5.61-5.55 (m, ,1H)

4.40-4.20 (m, 3H), 2.05 (s, 3H), 1.33 (t, J= 7.2 Hz, 3H).

[176]  Synthesis of D-ethyl-2-acetamido-2-(4-hydroxyphenyl)acetate, the

synthetic route is shown as follows:

o° TOH OH

OH
+ )LN)\H/DVJ - 0O
N CDCly P
0 N O

8]

[177]  Specific operational steps are as follows:

[178] 161 mg ethyl 2-acetamido-2-hydroxyacetate (1 mmol), 0.01 mmol
catalyst chiral phosphoric acid (Ar is selected from the group consisting of
hydrogen, phenyl, 2,4,6-triisopropylphenyl, 3,5-bis(trifluoromethyl)phenyl,
[-naphthyl, triphenylsilyl, 9-anthryl, 4-biphenylyl, 4-nitrophenyl,
9-phenanthryl, 4-methoxyphenyl, and 4-nitrophenyl), 423 mg phenol (4.5
mmol), 6mL CDCIl; were added sequentially into a 25 mL eggplant-shaped

flask, and reacted at 50 °C for 42.5 hours, then reacted at 62 °C for 46.5



[181] Specifioppsrationgd s3eps are as follows: [182] 99.6 mg
D-ethyl-2-acetamido-2-(4-hydroxyphenyl)acetate (0.42 mmol), 2 mL 1 N hydrochloric acid were
sequentially added into a 10 mL schlenk tube, and started to stir, reacted at 60 C for 45 h, and heated
to 80 C and reacted for 13.5 h, then heated to 99 C and reacted for 11 h, then the reaction was
terminated, the reaction solution was rotary-dried; ¢gs0P1312-10-0035 -40/54- obtain 70.0 mg white
solid, yield 99%. [a]D20,-850(c=1.0, water). [183] 1H NMR [400 MHz, D20]: 87.34 (d, J= 8.8 Hz, 2H) ,
6.95 (d, J= Botkz, 2hOn5 06 (sreadfi@xamphe 6quB4p@pdtheiscof whgdion solution was
2-acetamido-2-hydroxyacetate, the synthetic route is shown as follows:

rotary-dried, the product was separated by silica gel column, and 16 mg
para-product was eluted with petroleum ether : ethyl acetate
methanol=25:25:1, yield 7%. ee=93.1%. (HPLC conditions: chiralPAK
AD-H 5 um, 4.6x250 mm chromatographic column,
n-hexane/isopropanol=9:1 was the mobile phase, the flow rate was 1.0
mL/min, the maximum absorption wavelength was 229 nm).

[179] 'HNMR [400 MHz, CDCl;]: & 7.15 (d, J=7.6 Hz, 2H ), 6.71 (d, J
= 8.4 Hz, 2H), 6.59 (s, 1H), 5.46 (d, J = 6.8 Hz, 1H), 4.29-4.06 (m, 2H),
2.04 (s, 3H), 1.21 (t, J=7.2 Hz, 3H).

[180] Synthesis of levorotatory p-hydroxyphenylglycine hydrochloride,

the synthetic route is shown as follows:
OH OH

1N HCI
O 60-99°C

- HCI

H HaN™ ~COOH

[181]  Specific operational steps are as follows:

[182] 99.6 mg D-ethyl-2-acetamido-2-(4-hydroxyphenyl)acetate (0.42
mmol), 2 mL 1 N hydrochloric acid were sequentially added into a 10 mL
schlenk tube, and started to stir, reacted at 60 °C for 45 h, and heated to 80
°C and reacted for 13.5 h, then heated to 99 °C and reacted for 11 h, then

the reaction was terminated, the reaction solution was rotary-dried, to



[185] Specifioppsrationgd sieps are as follows: [186] Acetamide (1.47 g, 25 mmol), ethyl glyoxalate
(50% solution in toluene, 5.23 g, 26.25 mmol), 20 mL chloroform were added sequentially into a 50 mL
eggplant-shaped flask. And they were reacted at 61.7 C for 45 h, cooled to a temperature of 25 C,
plenty of white precipitate was precipitated, filtered by suction, and vacuum-dried at 45 C for 11 h. 2.00
g white solid was obtained, and the molar yield-wag$0%. [187] IHNMR [400MHz, CDC13]: 8 6.84 (s,
1H), 5.65-5.50 (m, 1H), 4.38 (d, J=5.6 Hz ,1H), 4.29 (q, J= 7.2 Hz, 2H), 2.05 (s, 3H), 1.33 (t, J=7.2
Hz, 3H). [188]tayniHsigng wbttwselaheyaﬁ}uh8%4{Wdroxy§58€gﬂ3h&tmatﬁhh synthetic route is
shown as follows: 0P1312-10-0035

[183] 'H NMR [400 MHz, D,0]: 67.34 (d, /J=8.8 Hz,2H ), 6.95 (d, J =

8.4 Hz , 2H), 5.06 (s, 1H).

Example 6
[184] Synthesis of ethyl 2-acetamido-2-hydroxyacetate, the synthetic

route is shown as follows:
o] (8] C 111|:|1 oform
/”\NHE {H‘JLG’A"“ Reflux

[185]  Specific operational steps are as follows:

[186] Acetamide (1.47 g, 25 mmol), ethyl glyoxalate (50% solution in
toluene, 5.23 g, 26.25 mmol), 20 mL chloroform were added sequentially
into a 50 mL eggplant-shaped flask. And they were reacted at 61.7 °C for
45 h, cooled to a temperature of 25 °C, plenty of white precipitate was
precipitated, filtered by suction, and vacuum-dried at 45 °C for 11 h. 2.00 g
white solid was obtained, and the molar yield was 50%.

[187] 'HNMR [400MHz, CDCL]: § 6.84 (s, 1H ), 5.65-5.50 (m, 1H),
4.38 (d, J=5.6 Hz ,1H), 4.29 (q, J= 7.2 Hz, 2H), 2.05 (s, 3H), 1.33 (t, J =
7.2 Hz, 3H).

[188]  Synthesis of D-ethyl-2-acetamido-2-(4-hydroxyphenyl)acetate, the

synthetic route is shown as follows:



[189] Specifioppsrationgd sieps are as follows: [190] Ethyl 2-acetamido-2-hydroxyacetate (1.932 g, 12
mmol), 0 1 mmol catalyst chiral phosphoric acid (wherein Ar is selected from the group
consistingofhydrogen,phenyl,2,4,6-triisopropylphenyl, 3,5-bis(trifluoromethyl)phenyl, fl-naphthyl,
triphenylsilyl, 9-anthryl, 4-biphenylyl, 4-nitrophenyl, 9-phenanthryl, 4-methoxyphenyl, and
4-nitrophenyl), phenol (0.94g, 10 mmol), 50 mL-agetapitrile were added sequentially into a 100 mL
three-necked bottle equipped with a constant pressure dropplng funnel and a thermometer, and the
reaction solution was reacted at 81 C for 34 hours T4 af¥-product was purified through
aftertreatment, yield 62%, melting point: 147-148 ( %. (HBLC conditions: chiralPAK AD-H 5
um, 4.6x250 mm chromatographic column, n- hexanellsoroﬁ’aﬁ‘ég,—g 1 was the;mobile phase, the flow
rate was 1.0 mL/mln the maximum absorption wayélepgtt Rs 229 nm) [191]l1H NMR [400 MHz,
CDC13]: 8 7.17 Oi8 4 Hz, 2H), 6 d,J=8. 58(d,J=6.4 ), 5.47 (d,J=6.8
Hz, 1H), 4.27-4. ,q ~2H-2:04 ¢s, @%él (t; MR 1 P1312-10-0035
-42/54- MHz, CDC1R]: §171.4, 170.0,715 128. 7 13894011n391 62.2, 56(3, 23.4 01_\/2 [192]
Synthesis of levorotatory p-hydroxyphenylglycine hydrochloride, the synthe Hro e is shown as
follows: [193] Specific operational steps are as follows: [194] 99.3 mg 0
D-ethyl-2-acetamido-2-(4-hydroxyphenyl)acetate (0.42 mmol), 2 mL 6N hydrochloric acid were
sequentially| s8irjed iSjoeeifirropachienalsbepsadestarted toastir, and reacted at 60 C for 45 h, then
the reaction was terminated, the reaction solution was rotary-dried, to obtain 66.8 mg while solid, the

yield was 9%%50ja]2G=98y1 (0 1a@e¥difto-2-hydroxyacetate (1.932 g, 12 mmol), 0.1 mmol

catalyst chiral phosphoric acid (wherein Ar is selected from the group
consisting of hydrogen, phenyl, 2,4,6-triisopropylphenyl,
3,5-bis(trifluoromethyl)phenyl,  f-naphthyl, triphenylsilyl, 9-anthryl,
4-biphenylyl, 4-nitrophenyl, 9-phenanthryl, 4-methoxyphenyl, and
4-nitrophenyl), phenol (0.94g, 10 mmol), 50 mL acetonitrile were added
sequentially into a 100 mL three-necked bottle equipped with a constant
pressure dropping funnel and a thermometer, and the reaction solution was
reacted at 81 °C for 34 hours, 1.47g para-product was purified through
aftertreatment, yield 62%, melting point:147-148 °C, ee=90%. (HPLC
conditions: chiralPAK AD-H 5 pm, 4.6x250 mm chromatographic column,
n-hexane/isopropanol=9:1 was the mobile phase, the flow rate was 1.0
mL/min, the maximum absorption wavelength was 229 nm).

[191] 'H NMR [400 MHz, CDCl5]: § 7.17 (d, J = 8.4 Hz, 2H), 6.73 (d, J
= 8.4 Hz, 2H), 6.58 (d, J = 6.4 Hz, 1H), 5.47 (d, J = 6.8 Hz, 1H),

4.27-4.10 (m, 2H), 2.04 (s, 3H), 1.21 (t, J = 7.2 Hz, 3H); °C NMR [100



[195] 1H NMBP400 Witdag20]: 87.35 (d, J= 8.8 Hz, 2H) , 6.96 (d, J= 8.8 Hz, 2H), 5.09 (s, 1H); 13C
NMR [100MHz, D20]: 8 171.3, 157.1, 129.8, 123.4, 116.3, 56.2. Example 7 [196] Synthesis of ethyl
2-acetamido-2-hydroxyacetate, the synthetic route is shown as follows: 0P1312-10-0035 -43/54-
[197] Specific operational steps are as follows: [198] Acetamide (1.47 g, 25 mmol), ethyl glyoxalate
(50% solution in toluene, 5.35 g, 26.25 mmol), 2imkqtetrahydrofuran were added sequentially into a
50 mL eggplant-shaped flask. And they were reacted under reflux at 65 C for 45 h, then cooled to a
temperaturd/tfizs CDSlnky ®flWhitk, dréQipiraké avas biécihithtdfilldred b9 2ukstida, BndBvdcuum-dried
at 45 C for 11 h. 1.85 g white solid was obtained, and the molar yield was 47.13%. [199] 11-1NMR
[400MHz, QaC13]: 8 6.83 (s, 1H ), 5.65-5.50 (m, 1H), 4.45-4.21 (m, 3H), 2.05 (s, 3H), 1.33 (t, J=7.2
Hz, 3H). [200] Synthesis of D-ethyl-2-acetamido-2-(4-hydroxyphenyl)acetate, the synthetic route is

shown as follig\y]s: Synthesis of levorotatory p-hydroxyphenylglycine hydrochloride,
the synthetic route is shown as follows:
OH OH

6M HCI
O 60°C

. HCI
HsNY “COOH

[193]  Specific operational steps are as follows:

[194] 99.3 mg D-ethyl-2-acetamido-2-(4-hydroxyphenyl)acetate (0.42
mmol), 2 mL 6N hydrochloric acid were sequentially added into a 10 mL
schlenk tube, and started to stir, and reacted at 60 °C for 45 h, then the
reaction was terminated, the reaction solution was rotary-dried, to obtain
66.8 mg while solid, the yield was 95%. [a]p>'=-99.7°(c=1.0, water).

[195] 'H NMR [400 MHz, D,0]: §7.35 (d, /= 8.8 Hz, 2H ), 6.96 (d, J =
8.8 Hz , 2H), 5.09 (s, 1H); °C NMR [100MHz, D,0]: § 171.3, 157.1, 129.8,

123.4,116.3, 56.2.

Example 7
[196] Synthesis of ethyl 2-acetamido-2-hydroxyacetate, the synthetic

route is shown as follows:

] (0] Tetrahydrofuran j\ OH 8
+ - e’
/J.I\NHE D':"-/J.I\G A~ H /I\[(
O

Feflux




[201] Specifioppsrationgd sieps are as follows: [202] Ethyl 2-acetamido-2-hydroxyacetate (1.932 g, 12
mmol), 0 1 mmol catalyst chiral phosphoric acid (wherein Ar is selected from the group
consistingofhydrogen,phenyl,2,4,6-triisopropylphenyl, 3,5-bis(trifluoromethyl)phenyl, fl-naphthyl,
triphenylsilyl, 9-anthryl, 0P1312-10-0035 -44/54- 4-biphenylyl, 4-nitrophenyl, 9-phenanthryl,
4-methoxyphenyl, and 4-nitrophenyl), phenol (0-94g540- mmol), 50 mL acetonitrile were added
sequentially into a 100 mL three-necked bottle equipped with a constant pressure dropping funnel and
a thermomedt?7hnd Hrecefictiopegetitival\siepeantsts o8 @sor 34 hours, 1.67g para-product was
purified through aftertreatment, yield 62%, melting point: 147-148 C, ee=90%. (HPLC conditions:

chiralPAK Ao 5 UM c4@XRRR NN ANTemaBeranbig, cotyin oiybaxan/issprpaoniagil was the

mobile phase, the flow rate was 1.0 mL/min, and the maximum absorption wavelength was 229 nm)

Fo, 1), S0 5 e v G234 00 0020 2 8 o A OP B3 St A N
o levororas PSR A B A AL SR AR e Aoty CToCE SR e
operationallfrtlzrg ?é%ﬁi ];Lot”ggv%:C for 45 h, then cooled to a temperature of 25 °C, plenty

of white precipitate was precipitated, filtered by suction, and vacuum-dried

at 45 °C for 11 h. 1.85 g white solid was obtained, and the molar yield was

47.13%.

[199] 'HNMR [400MHz, CDCL]: & 6.83 (s, 1H ), 5.65-5.50 (m, 1H),

4.45-4.21 (m, 3H), 2.05 (s, 3H), 1.33 (t, J= 7.2 Hz, 3H).

[200]  Synthesis of D-ethyl-2-acetamido-2-(4-hydroxyphenyl)acetate, the

synthetic route is shown as follows:

B
o~ ~OH OH

[201]  Specific operational steps are as follows:

[202]  Ethyl 2-acetamido-2-hydroxyacetate (1.932 g, 12 mmol), 0.1 mmol
catalyst chiral phosphoric acid (wherein Ar is selected from the group
consisting of hydrogen, phenyl, 2,4,6-triisopropylphenyl,

3,5-bis(trifluoromethyl)phenyl,  f-naphthyl, triphenylsilyl, 9-anthryl,



[206] 0.807 @Prethyi-@eetamido-2-(4-hydroxyphenyl)acetate (3.4 0P1312-10-0035 -45/54- mmol),
12 mL 6 N hydrochloric acid were sequentially added into a 25 mL eggplant-shaped flask, and started
to stir, reacted at 60 C for 14 hours and 40 minutes, then the reaction was terminated, the reaction
solution was rotary-dried, and the pH was adjusted to 5.5 with 3N sodium hydroxide, to obtain 0.245 g
white solid, yield 43.2%. [a]D20=-156.6 (c=1.0,-144/Rydrochloric acid). 1H NMR [400 MHz, D20]: 87.20
(d, J=8.4 Hz, 2H), 6.81 (d, J= 8.4 Hz, 2H), 5.00 (s, 1H). Example 8 [207] Synthesis of ethyl

2-acetamidé-bipnaylEcetate niiteophethgtic rdipheshathnyas foflemsth{pQgiismadific apetational

steps are as follows: [209] Acetamide (1.47 g, 25 mmol), ethyl glyoxalate (50% solution in toluene,

2.55 g, 12 SmitebpRENYIL), tgikene Wy adderDsaswitialhoinie a Aérahieadplantrehagdddlask. And
they were reacted at 110.6 C for 30 min, cooled to 20 C, and plenty of white precipitate was

s g, T A S B R o

= 1o Hz, 1|}_)|r)e’55siffr% (arc}lla_gnffngyuﬁnze][ gqn a t{igrrkr'lzorznl_é)fe% %anis 't}?g' %’eaction solution was
reacted at 81 °C for 34 hours, 1.67g para-product was purified through
aftertreatment, yield 62%, melting point:147-148 °C, ee=90%. (HPLC
conditions: chiralPAK AD-H 5 um, 4.6x250 mm chromatographic column,
n-hexane/isopropanol=9:1 was the mobile phase, the flow rate was 1.0
mL/min, and the maximum absorption wavelength was 229 nm).
[203] 'H NMR [400 MHz, CDCl5]: § 7.17 (d, J = 8.4 Hz, 2H), 6.73 (d, J
= 8.4 Hz, 2H), 6.58 (d, J = 6.4 Hz, 1H), 5.47 (d, J = 6.8 Hz, 1H),
4.27-4.10 (m, 2H), 2.04 (s, 3H), 1.21 (t, J = 7.2 Hz, 3H); °C NMR [100
MHz, CDCl;]: 6 171.4, 170.0, 156.5, 128.7, 128.4, 116.1, 62.2, 56.3, 23.4,
14.2.
[204] Synthesis of levorotatory p-hydroxyphenylglycine, the synthetic
route is shown as follows:

OH OH

&M HCI

5 -
3N NaOH
il ool HNT O

N
(9] 0

[205]  Specific operational steps are as follows:

[206] 0.807 g D-ethyl-2-acetamido-2-(4-hydroxyphenyl)acetate (3.4



0P1312-10-Q89186 1461640829 (t, J= 7.2 Hz, 3H). [211] Synthesis of
D-ethyl-2-acetamido-2-(4-hydroxyphenyl)acetate, the synthetic route is shown as follows: [212]
Specific operational steps are as follows: [213] Ethyl 2-acetamido-2-hydroxyacetate (1.932 g, 12
mmol), 0 1 mmol catalyst chiral phosphoric acid (wherein Ar is selected from the group
consistingofhydrogen,phenyl,2,4,6-triisopropylpharyd 43,5-bis(trifluoromethyl)phenyl, fl-naphthyl,
triphenylsilyl, 9-anthryl, 4-biphenylyl, 4-nitrophenyl, 9-phenanthryl, 4-methoxyphenyl, and
4-nitrophengtnotinb? mB4g N ddnodhBoim kaiceweitikeweenaadyaddgdenttallg itdomal100 mL
three-necked bottle equipped with a constant pressure dropping funnel and a thermometer, and the

reaction soligplwasJeastet Badd, arfars?driatine dt#/ gdartaddsGt@afopurfiettioual
aftertreatment, yield 62%, melting point: 147-148 C, ee=90%. (HPLC conditions: chiralPAK AD-H 5

um, 4.6x25 a [ - I ngl=9; h i e, the flow
rate was 1. Q@rﬁ%{%ﬁ’e @%@%%n(fgt%ﬁm%ﬂg#%véave éﬁ\fg}%{)\}é\/@s %9%%%&1%@&%%@?47/54-
] R N e A Thia Bl wets ajustod iorss Wik SN'sddium hydroxide, to
obtain 0.245 g white solid, yield 43.2%. [a]p™*=-156.6° (c=1.0, 1 N
hydrochloric acid). '"H NMR [400 MHz, D,0]: §7.20 (d, J= 8.4 Hz, 2H ) ,

6.81 (d, J= 8.4 Hz, 2H), 5.00 (s, 1H).

Example 8
[207]  Synthesis of ethyl 2-acetamido-2-hydroxyacetate, the synthetic

route is shown as follows:

O o Toluene g OR
+ )'L Ov"’
2 BEeflux H O

[208]  Specific operational steps are as follows:

[209] Acetamide (1.47 g, 25 mmol), ethyl glyoxalate (50% solution in
toluene, 2.55 g, 12.5 mmol), 20 mL toluene were added sequentially into a
50 mL eggplant-shaped flask. And they were reacted at 110.6 °C for 30 min,
cooled to 20 °C, and plenty of white precipitate was precipitated, filtered by
suction, and vacuum-dried at 50 °C for 6 h. 1.73 g white solid was obtained,
and the molar yield was 85.76%.

(2100 'HNMR [400MHz, CDCl;]: & 7.30 (d, J= 6.8 Hz, 1H ), 5.58 (d, J

= 7.6 Hz, 1H ), 5.40 (s, 1H), 4.27-4.21 (q, J = 7.2 Hz 2H), 2.02 (s, 3H),



= 8.4 Hz, 2H)4 58 (dlp-be36.4 Hz, 1H), 5.47 (d, J = 6.8 Hz, 1H), 4.27-4.10 (m, 2H), 2.04 (s, 3H), 1.21
(t, J=7.2 Hz, 3H); 13C NMR [100 MHz, CDC13]: 8 171.4, 170.0, 156.5, 128.7, 128.4, 116.1, 62.2,
56.3, 23.4, 14.2. [215] Synthesis of levorotatory p-hydroxyphenylglycine hydrochloride, the synthetic
route is shown as follows: [216] Specific operational steps are as follows: [217] 99.6 mg
D-ethyl-2-acetamido-2-(4-hydroxyphenyl)acetate {g,42-mmol), 2 mL 1N hydrochloric acid were
sequentially added into a 10 mL schlenk tube, and started to stir, and reacted at 60 C for 45 h, heated
to 80 C andlr@Qcted/fer 1284, thEh.heated to 99 C and reacted for 11 h, then the reaction was
terminated, the reaction solution was rotary-dried, to obtain 70.0 mg while solid, the yield was 99%.
[2J520=-85(3110, Satlhe 24 BD-MMF20% Mtk D301 QLR drphnlyiat6, 9B¢d, 9= 8.4
Hz, 2H), 5.06 (s, 1H). [219] The method of synthesizing levorotatory p-hydroxyphenylglycine
compoundssglmaqgﬁg p(yutttéelgr ir&gefgiﬁmzdescribed above in detail. 0P1312-10-0035 -48/54-
Specific examples are employed herein to illustrate the principles and embodiments of the present
invention, and the above examples are only described to facilitate the understanding of the method

the principle of the present invention, these alterations arjd mogifiggtions also faifjyithin the protection
scope of the claims of the present invention.
O OH
Ao - O,
o Acetomtiile )I\N 0.~
H o

[212]  Specific operational steps are as follows:

[213]  Ethyl 2-acetamido-2-hydroxyacetate (1.932 g, 12 mmol), 0.1 mmol
catalyst chiral phosphoric acid (wherein Ar is selected from the group
consisting of hydrogen, phenyl, 2,4,6-triisopropylphenyl,
3,5-bis(trifluoromethyl)phenyl,  S-naphthyl, triphenylsilyl, 9-anthryl,
4-biphenylyl, 4-nitrophenyl, 9-phenanthryl, 4-methoxyphenyl, and
4-nitrophenyl), phenol (0.94g, 10 mmol), 50 mL acetonitrile were added
sequentially into a 100 mL three-necked bottle equipped with a constant
pressure dropping funnel and a thermometer, and the reaction solution was
reacted at 81 °C for 34 hours, 1.47g para-product was purified through
aftertreatment, yield 62%, melting point:147-148 °C, ee=90%. (HPLC
conditions: chiralPAK AD-H 5 um, 4.6x250 mm chromatographic column,
n-hexane/isopropanol=9:1 was the mobile phase, the flow rate was 1.0

mL/min, the maximum absorption wavelength was 229 nm).



0P1312-10-0936 149154035 AIMS 1. A method of synthesizing levorotatory p-hydroxyphenylglycine
compounds, characterized in that, the method comprises the following steps:  step 1: the compound
of formula Il and the compound of formula Il undergo nucleophilic addition reaction in a first solvent, to
produce the compound of formula 1V; wherein the first solvent is selected from the group consisting of
ether solvent, ester solvent, haloalkane solvent,-G5/Zio-hydrocarbon solvent, nitrile solvent, and
ketone solvent; step 2: the compound of formula IV and the compound of formula V undergo a

Friedel-Crafi2liite reddtidMiRd400oNtHaleRClsing dcid/asicataty8tdtblprotldde Gh&3Iddorbtatory

p-hydroxyphenylglycine compound having the structure of formula VI; wherein the second solvent is

selected from ghe gieup g}ﬂ;isti@%@‘ Qﬂgilg sel\@nt,ﬂq@!oqﬂfqa)pes.sqn‘yvqag, gS:CB),gmqug),cqmqy,n solvent;
the acid is a chiral acid or an achiral acid, wherein the chiral acid is selected from the group consisting

f D-tart L I idyL- D-proline,
o ehiral afpd E§‘$¢0|(’fl an ?e acrg}l[?)a Pt %I OfM@Fﬁ%grou mm@:lﬂ}mrﬂ@% Promne

and chiral p osphorlc id is sel éted fro consisting o
nycrochioni Ueis BUCET: & Kish. Fif btk gttt 1284 16T, 63856 5755 3°
14.2.

[215]  Synthesis of levorotatory p-hydroxyphenylglycine hydrochloride,

the synthetic route is shown as follows:

OH OH

1M HCI
O 60-997C
)I\N - Dv"'
H

O

- HCI

HaN* ~COOH

[216]  Specific operational steps are as follows:

[217] 99.6 mg D-ethyl-2-acetamido-2-(4-hydroxyphenyl)acetate (0.42
mmol), 2 mL 1IN hydrochloric acid were sequentially added into a 10 mL
schlenk tube, and started to stir, and reacted at 60 °C for 45 h, heated to 80
°C and reacted for 13.5 h, then heated to 99 °C and reacted for 11 h, then
the reaction was terminated, the reaction solution was rotary-dried, to
obtain 70.0 mg while solid, the yield was 99%. [a]p "=-85°(c=1.0, water).
[218] 'H NMR [400 MHz, D,O]: 67.34 (d, J=8.8 Hz, 2H ), 6.95 (d, J =
8.4 Hz , 2H), 5.06 (s, 1H).

[219] The method of synthesizing levorotatory p-hydroxyphenylglycine

compounds provided by the present invention is described above in detail.



wherein, R1apsshectaridoam the group consisting of acetyl, benzoyl, tert-butoxycarbonyl,
benzyloxycarbonyl, formamido, and pivalyl; R2 is selected from the group consisting of methyl, ethyl,
isopropyl, tert-butyl, and benzyl; and R3 is selected from the group consisting of hydrogen, methyl,
trimethylsilyl, tert-butyldimethylsily, and triisopropylsilyl. 2. The method according to claim 1,
characterized in that, in step 1, the molar ratio of flgesgompound of formula 1l to the compound of
formula lll'is 1:0.5-1:21 3. The method according to claim 1, characterized in that, in step 1, the
nucleophiliSagdition waniglds caeicchoptastedtidmpenatice diesrato.slefopranmentes ohod-444 h.
4. The method according to claim 1, characterized in that, in step 2, 0P1312-10-0035 -51/54- V is

1:0.2-4:5. embUHMEROG ¢RI dhresientlaidntébalagirlizhd il iexsiapledhgraneatyratio of the
compound of formula IV or the compound of formula V to the catalyst is 1 200:1. 6. The method

according t t t rried out at a
remperatur T8 B R R R e
-hyd lgl h f la I,
Py roxypllgzny gre):/scérrll% qg\\lzlggtfog Stf tﬁ % e noted that, a number of additional
alterations and modifications can be made to the present invention by a
skilled in the art, without departing from the principle of the present

invention, these alterations and modifications also fall within the protection

scope of the claims of the present invention.



HO Formulagehsradaterigsg in that, the method comprises the following steps:  step 1: the
compound of formula Il and the compound of formula Il undergo nucleophilic addition reaction in a
first solvent, to produce the compound of formula IV; wherein the first solvent is selected from the
group consisting of ether solvent, ester solvent, haloalkane solvent, C5-C10 hydrocarbon solvent,
nitrile solvent, and ketone solvent; 0P1312-10-0Q8%452/54- step 2: the compound of formula IV and
the compound of formula V undergo a Friedel-Crafts-like reaction in a second solvent, using acid as
catalyst, to produce the levorotatory p-hydroxyph€dyAM® compound having the structure of formula
VI; wherein the second solvent is selected from the group consisting of nitrile solvent, haloalkane

solvent, C5-Cio hyd;qcaﬁ@@n(ﬁpl\(ﬁnt'symmfﬂﬁg qbw&@pﬂ@ya@qw@@ﬂg}éﬁm in:1he chiral acid

is selected from the group consisting of D-tartaric acid, L-tartaric acid, D-camphorsulfonic acid,

L-camphor [ id, L= i -prpline, chiral or| id- and i id is
selected frc?rﬁ@%%ﬁg(g%’ C(C)%%?Jsét?%@ 8rﬁ)et ar%ggflfom% é%? , ggoﬁ%ﬁg&sgﬁ%%kﬁg%g‘@%%ﬁ%d
trifluoromethanesulfonic acid, sulfuric acid, and hydrochloric acid; wherein, R1 is selected from the
group consgﬁﬁézof acetyl, benzoyl, tert-butoxycarbonyl, benzyloxycarbonyl, formamido, and pivalyl,
R2 is selected from the group consisting of methyl, ethyl, isopropyl, tert-butyl, and benzyl; and R3 is
hydrogen; step 1: the compound of formula II and the compound of formula III

undergo nucleophilic addition reaction in a first solvent, to produce the
compound of formula IV; wherein the first solvent is selected from the
group consisting of ether solvent, ester solvent, haloalkane solvent, Cs~C
hydrocarbon solvent, nitrile solvent, and ketone solvent;

step 2: the compound of formula IV and the compound of formula V
undergo a Friedel-Crafts-like reaction in a second solvent, using acid as
catalyst, to produce the levorotatory p-hydroxyphenylglycine compound
having the structure of formula VI; wherein the second solvent is selected
from the group consisting of nitrile solvent, haloalkane solvent, Cs-Cy,
hydrocarbon solvent; the acid is a chiral acid or an achiral acid, wherein the
chiral acid is selected from the group consisting of D-tartaric acid,
L-tartaric acid, D-camphorsulfonic acid, L.-camphorsulfonic acid, L-proline,
D-proline, and chiral phosphoric acid, and the achiral acid is selected from
the group consisting of methanesulfonic acid, p-toluenesulfonic acid,

trifluoromethanesulfonic acid, sulfuric acid, and hydrochloric acid;

0
R'-NH, DQ)LD,HE



0P1312-10-Q938 193(543035step 3: in a mixed solution of alcohol and water, or in water, the compound
of formula VI undergoes hydrolysis reaction by adjusting the pH value to be <2, then the solution is
neutralized with a base to a pH value of 5.2-5.6, to obtain the compound of formulal. 8. The method
according to claim 7, characterized in that, in step 3, the hydrolysis reaction is carried out at a
temperature of 60-100 C. 9. The method accomiingto claim 7, characterized in that, in step 3, the
acid is selected from the group copsistin arc:hl)—wdrochloric cid, splfuric acid, methanesulfonic acid, and
trifluoromethanesulfonic acid. e.ﬂﬁﬂ thod accor rﬂ%‘@% 7, characterized in that, in step 3,
the base is selected from the group consisting of sodium hydroxide, sodium bicarbonate, sodium
carbonate, potassium hydroxide, and agueous amrHQnia.
R0

OH 0"
RLNJ\“/D“RE @ « NHR'
e COOR?
Formula IV Formula V Formula VI

wherein, R' is selected from the group consisting of acetyl, benzoyl,
tert-butoxycarbonyl, benzyloxycarbonyl, formamido, and pivalyl; R is
selected from the group consisting of methyl, ethyl, isopropyl, tert-butyl,
and benzyl; and R’ is selected from the group consisting of hydrogen,

methyl, trimethylsilyl, tert-butyldimethylsily, and triisopropylsilyl.

2. The method according to claim 1, characterized in that, in step 1,
the molar ratio of the compound of formula II to the compound of formula

ITis 1:0.5~1:2.1.

3. The method according to claim 1, characterized in that, in step 1,
the nucleophilic addition reaction is carried out at a temperature of

25~110.6 °C for a period of 0.5~144 h.

4. The method according to claim 1, characterized in that, in step 2,

the molar ratio of the compound of formula IV to the compound of formula
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Vis 1:0.2~1:5.

5. The method according to claim 1, characterized in that, in step 2,
the molar ratio of the compound of formula IV or the compound of formula

V to the catalyst is 1~200:1.

6. The method according to claim 1, characterized in that, in step 2,
the Friedel-Crafts-like reaction is carried out at a temperature of 40~82 °C

for a period of 13.5-96 h.

7. A method of synthesizing a levorotatory p-hydroxyphenylglycine

having the structure of formula I,

HO
«_NHj
COCH

Formula I
characterized in that, the method comprises the following steps:
step 1: the compound of formula II and the compound of formula III
undergo nucleophilic addition reaction in a first solvent, to produce the
compound of formula IV; wherein the first solvent is selected from the
group consisting of ether solvent, ester solvent, haloalkane solvent, Cs~C

hydrocarbon solvent, nitrile solvent, and ketone solvent;
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step 2: the compound of formula IV and the compound of formula V
undergo a Friedel-Crafts-like reaction in a second solvent, using acid as
catalyst, to produce the levorotatory p-hydroxyphenylglycine compound
having the structure of formula VI; wherein the second solvent is selected
from the group consisting of nitrile solvent, haloalkane solvent, Cs-Cy,
hydrocarbon solvent; the acid is a chiral acid or an achiral acid, wherein the
chiral acid is selected from the group consisting of D-tartaric acid,
L-tartaric acid, D-camphorsulfonic acid, L-camphorsulfonic acid, L-proline,
D-proline, and chiral phosphoric acid, and the achiral acid is selected from
the group consisting of methanesulfonic acid, p-toluenesulfonic acid,

trifluoromethanesulfonic acid, sulfuric acid, and hydrochloric acid;

(9]
R'-NH; o MR
Formula I1 Formula III
3
i o F R0
1 g 1
RMH J\H/DHRE @ \Q\(w HR
0 COOR?
Formula IV Formula V Formula VI

wherein, R' is selected from the group consisting of acetyl, benzoyl,
tert-butoxycarbonyl, benzyloxycarbonyl, formamido, and pivalyl; R* is
selected from the group consisting of methyl, ethyl, isopropyl, tert-butyl,

and benzyl; and R’ is hydrogen;
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step 3: in a mixed solution of alcohol and water, or in water, the
compound of formula VI undergoes hydrolysis reaction by adjusting the pH
value to be <2, then the solution is neutralized with a base to a pH value of

5.2~5.6, to obtain the compound of formula I.

8. The method according to claim 7, characterized in that, in step 3,

the hydrolysis reaction is carried out at a temperature of 60~100 °C.

9. The method according to claim 7, characterized in that, in step 3,
the acid is selected from the group consisting of hydrochloric acid, sulfuric

acid, methanesulfonic acid, and trifluoromethanesulfonic acid.

10. The method according to claim 7, characterized in that, in step 3,
the base is selected from the group consisting of sodium hydroxide, sodium
bicarbonate, sodium carbonate, potassium hydroxide, and aqueous

ammonia.



