VANCOMYCIN DERIVATIVE, AND PREPARATION METHOD AND APPLICATION
THEREOF

FIELD OF THE INVENTION

The invention relates to vancomycin derivatives and preparation processes thereof.

BACKGROUND OF THE INVENTION

After penicillin was used clinically in 1940, thousands of antibiotics have been developed, and also
hundreds are commonly used in clinical practice. In 2006, among the 500 best-selling drugs in the
world, there were 77 anti-infective drugs, which were the first of 19 categories of drugs. Due to wide
use of antibiotics in clinical practice, drug resistance has been gradually evolved in bacteria, causing

that more and more antibiotics lose their effectiveness gradually.

Vancomycin is a glycopeptide antibiotic produced by the Streptomyces orientalis strain. It was
approved by US FDA for clinical use in 1958, effective mainly against Gram-positive bacteria with
strong antibacterial activity, and was ever deemed as the last line of defense for human being against
bacterial infections. Until 1990s, i.e. after vancomycin had been used for nearly 40 years, bacteria
resistant to vancomycin were found and caused panic in the medical field. Therefore, there is an

urgent need for discovery and modification of antibiotics.

During modification of vancomycin in a lone time period, scientists from Eli Lilly found in
WO09630401A1 that introduction of an aliphatic or aromatic chain into the polysaccharide moiety of
such compounds can improve their activities greatly and even show a very good inhibitory effect

against drug-resistant bacteria, e.g. Oritavancin as shown by the following formula:



“Synthesis of Vancomycin from the Aglycon.” J. Am. Chem. Soc. 1999, 121, 1237-1244
demonstrated that vancomycin derivatives modified by a long chain show dual mechanisms of action
in the bacteria-killing process: in addition to the original binding mechanism of the polypeptide
moiety, the polysaccharide moiety is able to inhibit the glycosyl transferase involved in the process
of synthesizing cell wall. These two mechanisms are complementary each other so as to reach the

objective of enhancing the activity significantly.

However, with introduction of the aliphatic and aromatic chains, the liposolubility (LogP) of such
novel compounds increases greatly, and thus binding to ion channels as well as toxic and side effects

on the cardiovascular system also increase, which may be adverse to the cardiovascular system.

SUMMARY OF THE INVENTION
The present invention provides vancomycin derivatives and preparation processes thereof, which
derivatives have effectively increased water-solubility and reduced liposolubility, thereby solving the

problem resulted from high liposolubility.

Specifically, provided is compounds having the following formula:



wherein:

R' is -NHCH; or -NH»;

R? is H or4-epi-vancosaminyl;

R’ is -(R)COOR® or -(S)COOR® or -(R/S)COOR?, and R* is H, C1-C20 alkyl, C5-C12 aryl,
C2-C12 alkenyl or C2-C12 alkynyl;

R* is hydrogen, C1-C20 alkyl, C5-C12 aryl, C2-C12 alkenyl, C2-C12 alkynyl, (C1-C20
alkyl)-R’ or (C1-C20 alkyl)-O-R’, and R’ has the structure as listed below:

(a) unsubstituted C5-C12 aryl or mono-substituted C5-C12 aryl or poly-substituted C5-C12 aryl,
wherein the substituent independently is:

() hydroxyl

(IT) halogen

(III) nitro

(IV) amino

(V) C1-C20 alkyl

(b) the following structure:

-0
A1
Alis -OC(A?)2-C(A?)2-0- or -O-C(A?)2-0- or -C(A%)2-0O- or -C(A*)2-N- or

-C(A?)2-C(AH2-C(A%)2-C(A?)2-, wherein A” independently is hydrogen or C1-C20 alkyl

(c) the following structure:

j _(RNp

pis 1-5, wherein R’ independently is the following group:



(I) hydrogen

(II) hydroxyl

(IIT) halogen

(IV) nitro

(V) amino

(VD C1-C20 alkyl

(d) the following structure:

(R')g
g (Z-R®r
q is 0-4, wherein R’ independently is the following group:
(I) hydrogen
(II) hydroxyl
(IIT) halogen
(IV) nitro
(V) amino
(VI) C1-C20 alkyl
ris 1-5, but q + r is no more than 5
Z.is the following case:
(I) a single bond
D) -(C1-C12)alkyl-
R® independently is:
(D C5-C12 aryl
(II) C5-C12 heteroaryl
(IIT) phenyl unsubstituted or substituted with 1 to 5 substituents independently selected from:
(a) hydrogen
(b) hydroxyl
(c) halogen
(d) nitro
(e) amino
(f) C1-C20 alkyl.

Provided is a vancomycin derivative as shown in formula (I):



D
wherein:
R' is -NHCH; or -NH»;
R? is H or 4-epi-vancosaminyl;
R’ is -(R)COOR® or -(S)COOR® or -(R/S)COOR?; wherein R* is H, C1-C20 alkyl, C5-C12 aryl,
C2-C12 alkenyl or C2-C12 alkynyl;
R* is C1-C20 alkyl.

Provided is a vancomycin derivative as shown in formula (I):

RS OR*

(D

wherein:

R' is -NHCH; or -NHy;

R? is H or 4-epi-vancosaminyl;

R’is -(R)COOR® or -(S)COOR® or -(R/S)COOR?; wherein R* is H, C1-C20 alkyl, C5-C12 aryl,
C2-C12 alkenyl or C2-C12 alkynyl;

R*is (C1-C20 alkyl)—R5, wherein R’ has the following structure:



j ~(R)p

p is 1-5, wherein R’ independently is the following group:
(I) hydrogen

(IT) hydroxyl

(IIT) halogen

(IV) nitro

(V) amino

(VD CI1-C20 alkyl.

Provided is a vancomycin derivative as shown in formula (I):

R _OR*
H
NH OF™ oH
70
HO 0 o

D

wherein:

R' is -NHCH; or -NH>;

R? is H or 4-epi-vancosaminyl;

R’ is -(R)COOR® or -(S)COOR® or -(R/S)COOR?; wherein R* is H, C1-C20 alkyl, C5-C12 aryl,
C2-C12 alkenyl or C2-C12 alkynyl;

R* is (C1-C20 alkyl)-R’, wherein R’ has the following structure:

(R")q
~F o
q is 0-4, wherein R’ independently is the following group:
() hydrogen
(II) hydroxyl

(IIT) halogen
(IV) nitro



(V) amino

(VI) C1-C20 alkyl

ris 1-5, but q + r is no more than 5
Z.is the following case:

(I) a single bond

D) -(C1-C12)alkyl-

R® independently is:

(D C5-C12 aryl

(II) C5-C12 heteroaryl

(IIT) phenyl unsubstituted or substituted with 1 to 5 substituents independently selected from:
(a) hydrogen

(b) hydroxyl

(c) halogen

(d) nitro

(e) amino

(f) C1-C20 alkyl.

Provided is a vancomycin derivative as shown in formula (I):

R:_ OR*

(D
wherein:
R' is -NHCHj; or -NHy;
R?is H or 4-epi-vancosaminyl;
R? is -(R)COOR® or -(S)COOR? or -(R/S)COOR?; wherein R? is H;
R* is (C1-C20 alkyl)-R’, wherein R’ has the following structure:

(R')q
@ (Z-R®r



q is 0-4, wherein R’ independently is the following group:
(I) hydrogen

(IT) hydroxyl

(IIT) halogen

(IV) nitro

(V) amino

(VD C1-C20 alkyl

ris 1-5, but q + r is no more than 5
Z is the following case:

(I) a single bond

1) -(C1-C12)alkyl-

R® independently is:

(I C5-C12 aryl

(II) C5-C12 heteroaryl

(IIT) phenyl unsubstituted or substituted with 1 to 5 substituents independently selected from:
(a) hydrogen

(b) hydroxyl

(c) halogen

(d) nitro

(e) amino

(f) C1-C20 alkyl.

Provided is a medicament, which comprises the compound of formula (I) or a clinically acceptable
salt thereof and is useful for treatment of infection caused by gram-positive bacteria or

vancomycin-resistant bacteria.

Provided is a process for preparing vancomycin derivatives, in which

the product is obtained from reductive reaction of vancomycin or an analogue thereof and a

3 R4
R\[OR

compound of formula OM  with a reductive agent in a polar solvent followed by hydrolysis,
and if R" is H in the formula, the product is directly obtained after reduction without further
hydrolysis;

the vancomycin and the analogue thereof are vancomycin of formula (II), norvancomycin of
formula (III), 4-epi-vancosaminyl vancomycin of formula (IV) or 4-epi-vancosaminyl

norvancomycin of formula (V):



(v (V)

M is alkali metal or alkaline earth metal;

R’ is -(R)COOR® or -(S)COOR® or -(R/S)COOR?, and R* is H, C1-C20 alkyl, C5-C12 aryl,
C2-C12 alkenyl, or C2-C12 alkynyl;

R* is hydrogen, C1-C20 alkyl, C5-C12 aryl, C2-C12 alkenyl, C2-C12 alkynyl, (C1-C20
alkyl)-R’ or (C1-C20 alkyl)-O-R’, and R’ has the structure as listed below:

(a) unsubstituted C5-C12 aryl or mono-substituted C5-C12 aryl or poly-substituted C5-C12 aryl,
wherein the substituent independently is:

(I hydroxyl

(IT) halogen

(IIT) nitro

(IV) amino

(V) C1-C20 alkyl

(b) the following structure:

£C
A1

A' is -OC(A%)2-C(A?%)2-0O- or -O-C(A%)2-0- or -C(A%)2-O- or -C(A%)2-N- or
-C(A%)2-C(A%)2-C(A?2-C(A?)2-, wherein A% independently is hydrogen or C1-C20 alkyl



(c) the following structure:

j ~(R")p

p is 1-5, wherein R’ independently is the following group:
(I) hydrogen

(IT) hydroxyl

(IIT) halogen

(IV) nitro

(V) amino

(VD C1-C20 alkyl

(d) the following structure:

(R')q
4@ (Z-R¥r
q is 0-4, wherein R’ independently is the following group:
(I hydrogen
(IT) hydroxyl
(IIT) halogen
(IV) nitro
(V) amino
(VD C1-C20 alkyl
ris 1-5, but q + r is no more than 5
Z is the following case:
(I) a single bond
1) -(C1-C12)alkyl-
R? independently is:
(D C5-C12 aryl
(IT) C5-C12 heteroaryl
(IIT) phenyl unsubstituted or substituted with 1 to 5 substituents independently selected from:
(a) hydrogen
(b) hydroxyl
(c) halogen
(d) nitro
(e) amino
(f) C1-C20 alkyl.
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The polar solvent is methanol, ethanol, iso-propanol, tert-butanol, N,N-dimethylformamide,
N,N-dimethylacetamide; the temperature is between 0 and 80 °C; the reductive agent is sodium
borohydride, potassium borohydride, borane or a complex containing borane, sodium cyano
borohydride, potassium cyano borohydride, sodium triacetoxy borohydride, potassium triacetoxy

borohydride; the equivalent ratio of vancomycin to the reductive agent is 1:0.8-5.0.

The present invention is described in detail as follows:

Unless otherwise stated, as used herein, halogen refers to fluorine, chlorine, bromine, iodine,

represented by X.

Unless otherwise stated, as used herein, C1-C20 alkyl refers to C1-C20 hydrocarbon radical which is
normal, secondary, tertiary or cyclic and contains 1, 2, 3, 4,5, 6,7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17,
18, 19 or 20 carbon atoms, and the examples of which include, but are not limited to, the following
structures:

-CH3, -CH,CH3, -CH,CH,CH3, -CH(CH3),, -CH,CH,CH,CH3, -CH,CH(CH3)s,
-CH(CH3)CH,CH3, -C(CH3)3, -CH2,CH>CH,CH,CH3, -CH(CH3)CH,CH,CH3, -CH(CH,CHas)s,
-C(CHj3),CH,CH3, -CH(CH3)CH(CH3),, -CH,CH,CH(CH3),, -CH,CH(CH3)CH,CHj3, -CH>C(CH3)s,
-CH,CH,CH,CH,CH,CH3;, -CH(CH3)CH,CH,CH,CH3;, -CH(CH,CH3)(CH,CH,CH3),
-C(CH3),CH,CH,CH3, -CH(CH3)CH(CH3)CH,CH3, -CH(CH3)CH,CH(CH3),, -C(CH3)(CH2CH3),,
-CH(CH,CH3)CH(CH3),, -C(CH3),CH(CH3),, -CH(CH3),C(CH3)s, cyclopropyl, cyclobutyl,
cyclopropylmethyl, cyclopentyl, cyclobutylmethyl, 1-cyclopropyl-1-ethyl, 2-cyclopropyl-1-yl,
cyclohexyl, cyclopentylmethyl, 1-cyclobutyl-1-ethyl, 2-cyclobutyl-1-ethyl, 1-cyclopropyl-1-propyl,
2-cyclopropyl-1-propyl, 3-cyclopropyl-1-propyl, 2-cyclopropyl-2-propyl and
I-cyclopropyl-2-propyl.

Unless otherwise stated, as used herein, C2-C12 alkenyl refers to C2-C12 alkene radical which is
normal, secondary, tertiary or cyclic and contains 2, 3,4, 5,6, 7, 8,9, 10, 11 or 12 carbon atoms, and
the examples of which include, but are not limited to, -CH=CH,, -CH=CHCH3, -CH,CH=CH,,
-C(=CH;)(CH3), -CH=CHCH,CH3, -CH,CH=CHCH3;, -CH,CH,CH=CH,, -CH=C(CH3),,
-CH,C(=CH;)(CH3), -C(=CH,)CH,CHj3, -C(CH3)=CHCH3;, -C(CH3)CH=CH,, -CH=CHCH,CH,CHj,
-CH,CH=CHCH,CH3, -CH,CH,CH=CHCH3;, -CH,CH,CH,CH=CH,, -C(=CH,)CH,CH,CHjs,
-C(CH3)=CHCH,CH3, -CH(CH3)CH=CHCH3;, -CH(CH3)CH,CH=CH,, -CH,CH=C(CH3),,
I-cyclopent-1-enyl, 1-cyclopent-2-enyl, 1-cyclopent-3-enyl, 1-cyclohex-1-enyl, 1-cyclohex-2-enyl
and 1-cyclohexyl-3-enyl.
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Unless otherwise stated, as used herein, C2-C12 alkynyl refers to C2-C12 alkyne radical which is
normal, secondary, tertiary or cyclic and contains 2, 3,4, 5,6, 7, 8,9, 10, 11 or 12 carbon atoms, and
the examples of which include -CCH, -CCCHj3, -CH,CCH, -CCCH,CH3, -CH,CCCH3,
-CH,CH,CCH, -CH(CHj3)CCH, -CCCH,CH,CH3, -CH,CCCH,CH3, -CH,CH,CCCHj3 and
-CH,CH,CH,CCH.

Unless otherwise stated, as used herein, C5-C12 aryl includes, but is not limited to, an aromatic ring
containing 5, 6, 7, 8, 9, 10, 11 or 12 carbon atoms or an aromatic ring containing heteroatoms such as

O, N, S and the like. The examples are:

: N - N~
SN D f P *73 NS W NN,
ko S N kN N‘N Ne NH l N Ns N
H H H N N N
N
IESEPEPESRATIEIED
P N N U 4 N, N. =
# kN N k|\| N=N N N NN N
NNj N/EN e o NS 6 TS AN
N 4 i ro C u
KN/ KN/ kN/ N/ kN =N § = L Az
£ €0 0 €0 £
A~G A~ P~ > y
H
N g T . g I i T g Ay Na
L~ 7 LAAN AN LN A L ,]

Salts include those formed with suitable anions such as the anions derived from inorganic or organic
acids. Suitable acids include those which are sufficient acidic to form stable salts, preferably the
acids with low toxicity. For example, the salts of the present invention can be formed by acid
addition with certain inorganic or organic acids (such as HF, HCI, HBr, HI, H,SO,, H;PO,) or by
addition of organic sulfonic acids or organic carboxylic acids with basic centers (typically, an amine).
Organic sulfonic acids include C6-C16 aryl sulfonic acid, C6-C16 heteroaryl sulfonic acid and
C1-C16 alkyl sulfonic acid such as phenyl sulfonic acid, methanesulfonic acid, ethanesulfonic acid,
n-propyl sulfonic acid, isopropyl sulfonic acid, n-butyl sulfonic acid, sec-isobutyl sulfonic acid,
tert-butyl sulfonic acid, pentyl sulfonic acid and hexyl sulfonic acid. Examples of organic carboxylic
acids include C6-C16 aryl carboxylic acid, C4-C16 heteroaryl carboxylic acid and C1-C16 alkyl
carboxylic acid such as acetic acid, glycolic acid, lactic acid, pyruvic acid, malonic acid, glutaric acid,

tartaric acid, citric acid, fumaric acid, succinic acid, malic acid, maleic acid, hydroxyl maleic acid,
12



benzoic acid, hydroxyl benzoic acid, phenylacetic acid, cinnamic acid, salicylic acid and 2-phenoxy
benzoic acid. Salts also include addition salts of the compounds of the present invention with one or
more amino acids. Many amino acids are suitable, especially those naturally occurring as
components of proteins and however, typically those containing a basic or acidic group on the side
chain (e.g. lysine, arginine or glutamic acid) or those containing a neutral group (e.g. glycine, serine,
threonine, alanine, isoleucine or leucine). These salts are generally biologically compatible or
pharmaceutically acceptable or non-toxic, particularly for mammals. Salts of the compounds of the

present invention can be in a crystalline or amorphous form.

€O
A1
Unless otherwise stated, as used herein,

groups:

includes, but is not limited to, the following
0
a0 _n = T _\
oy 0 €0 €0
o) 0 0
€0 T 0 €
AN Py _'(/:O "~
H H

j ~ (R')p
Unless otherwise stated, as used herein, includes, but is not limited to, the following

groups:
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H OH OH OH OH OH OH OH
O TCQ é[ o JCE N
OH OH HO OH HO OH

OH OH OH OH

% X X X X X X
OO oC OJCC L X
X X X X X X

X X X X

NHQ NHQ NHQ NH2 |\,|H2 NH2 NHE NH2 NH2
NH i NH NH NH; t :NHg NH;
NH, NH3 NHZH,N NH, HoN NH

NH,, NH_ NH; H2

NO, NO, NO, NO, NO, NO, NO, NO;
OO Co o e J@
NO NOz O.N NO,ON NO

NOZ NOZ N02

R7 Ry Ry Ry Ry Ry R7 R;
O U0 O Ol OO .
Rz Ry R7 R7 R? R?

Ry R; R; Ry

R7 is Cy.y7 alkyl or Cj_j; alkoxyl

(R
. . ‘g (ZRYr
Unless otherwise stated, as used herein,

following groups:

M%&)M%{?
20 % fo0%h

HzN

includes, but is not limited to, the

wherein R® independently is:
(I C5-C12 aryl
(II) C5-C12 heteroaryl

(IIT) phenyl unsubstituted or substituted with 1 to 5 substituents independently selected from:
14



(a) hydrogen

(b) hydroxyl

(c) halogen

(d) nitro

(e) amino

(f) C1-C20 alkyl.

Beneficial Effects:

(1) The present invention provides a group of compounds, wherein a glycerate moiety is
introduced between the vancomycin derivative and the liposoluble modifying group, thereby
providing the compounds with a property of high solubility in water similar to amino acids and thus
effectively increasing water-solubility and reducing liposolubility of the compounds, so as to solve
the problem resulted from high liposolubility and reduce the side effects on the cardiovascular
system after being prepared into a medicament.

(2) The present invention provides a group of compounds, most of which exhibit varying
degrees of inhibitory activity against vancomycin-sensitive bacteria, wherein aliphatic long chain and
substituted biphenyl derivatives have the inhibitory activity superior to that of vancomycin, which is

positive for treatment of vancomycin-resistant bacteria infection.

DETAILED DESCRIPTION OF THE INVENTION

In vitro Activity Assay

The compound of formula 1 of the present invention or a clinically acceptable salt thereof is intended
to be used for treatment of gram-positive bacteria or vancomycin-resistant bacteria infection cases.
To verify the activity, a group of the compounds of the present invention were preferably subjected to

in vitro activity assay (Table 1).

Table 1: The compounds of formula (I)

No. | Structure No. | Structure No. | Structure
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4 5o 5
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¢l o al cl o} cl ] |
o o o o o} <}
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HO- o o n . Hon, o OH, P N
sy N N ., H Nago H Oy %, N NN N H2
O ANy NN o .,N/,,’O NN DN y N \g N
H H o] H H o HN, o
HN HN HO.
s @ R N L) Q" S
2 NH.
0 e K o NH o
O OH O OH HO OHOH
HO OH HO' OH
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In vitro activity assay was performed according to Microbiological Identification of Antibiotics,

Appendix XIA, Volume II, Chinese Pharmacopoeia 2010. Vancomycin-sensitive Staphylococcus

aureus strains (Newman and Mu 50) were selected as the test strains, and trypticase soy broth was

selected as the culture medium. The assay for minimum inhibitory concentration (MIC) was

performed as follows: the compound to be tested was dissolved in N,N-dimethylformamide to

prepare a stock solution at 1.28 mg/ml, the stock solution was diluted with the culture medium to a

initial concentration of 1.28 ug/ml, which was subsequently half diluted to prepare test solutions at

641g/ml-0.125 pg/ml, and the assay was performed according to Cup-Plate Method, Microbiological

Identification of Antibiotics, Appendix XIA, Volume II, Chinese Pharmacopoeia 2010, wherein

vancomycin and blank were used as controls. The results of in vitro activity assay of the compounds

of formula (I) are listed in Table 2.

Table 2. MIC values (ug/ml)

Compounds Test strains Staphylococcus aureus Newman | Staphylococcus aureus MuS0

Vo 8 32
Vil 8 32
V13 <0.125 2
V15 <0.125 2
V16 16 64
V19 64 >128
V20 <0.125 2
V21 <0.125 2
V22 2 8
V23 2 8
V24 4 8
V25 4 8
V26 16 64
V27 16 64
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V30 4 16
V31 2 8
V32 2 8
V33 16 64
V51 8 32
V52 <0.125 2
V53 <0.125 2
V54 <0.125 2
V55 <0.125 2
V57 4 16
V58 64 >128
V59 2 8
V60 2 8
Vo6l 4 8
V62 4 8
V63 <0.125 2
V64 <0.125 2
V65 <0.125 2
V66 <0.125 2
V67 2 4
V68 4 8
V69 2 8
DMSO >128 >128
Vancomycin 2 8

It is seen from the results that each group of the compounds exhibited varying degrees of
antibacterial activity against vancomycin-sensitive Staphylococcus aureus strains. With increase in
liposolubility of the group R, there is a trend in which the inhibitory activity of the compounds

against the bacteria is enhanced.

Solubility Test of Compounds

Solubility test of each compound was performed according to the guidelines of General Notices,
Volume II, Chinese Pharmacopoeia 2005: weigh out finely powdered compound, place the
compound in different volumes of water, strongly shake for 30 seconds at an interval of 5 minutes;
observe the solubility behavior within 30 minutes, and obtain the solubility range of the compound,
wherein all the solubility data range are measured at a temperature of 25 °C. Solubility of

vancomycin and the analogues thereof are listed in Table 3.

Table 3. Solubility of the compounds in water

Compounds Solubility in water
19




(mg/ml)

Vancomycin >100
Oritavancin <01
(data from US2010/045201)

V9 <0.1
Vi1 50-60
V13 50-60
V15 >60
V16 >60
V19 50-60
V20 <5
V21 >8
V22 <5
V23 >8
V24 >10
V25 <5
V26 4.5
V27 20
V30 4
V3l <1
V32 50-60
V33 5
V51 20
V52 20
V53 20
V54 15-20
V55 3
V57 >60
V58 50-60
V59 <10
V60 >20
Vo6l 20
V62 5-20
V63 5-20
V64 5-20
V65 5-20
V66 5-20
V67 5-10
V68 5-10
V69 5-10

It is seen from the solubility data that after introducing a glycerate moiety into the structure, the
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solubility of the compound in water increases by 1-2 orders of magnitude as compared to
Oritavancin. This result demonstrates that the glycerate moiety plays a critical role in increasing the

solubility in water.

Preparation Process

Provided is a preparation process, which is a process for preparing the vancomycin derivative

according to any one of Claims 1-5:

R3S OR*

T 53

(D
and in which the product is obtained from reductive reaction of vancomycin or an analogue

3 R4
R\[OR

thereof and a compound of formula OM  with a reductive agent in a polar solvent followed by

hydrolysis, and if R* is H in the formula, the product is directly obtained after reduction without

further hydrolysis;
specifically, the reaction is performed as follows:
RLOR*
NH, & H \[NH oPH
Ho LG 03T Ra\[O'R“ RPN (s
o Jo

I oM

The present invention is further illustrated by the following examples, which should not be construed

as limiting the present invention.
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Example 1

OO N
a
o O
Fepts
/ o}
. T%f’ Y
2 H
e \ HN H
ok CI oK N H
° o e o~
1 | ° fo .
O\é\c 0 a 9 o
o 0
HO», o
OH [\ H oH HO. QEW
o N M TN HO-. g H . Pd R H
N HY o H L AN N e\ >a M VENTUN
N o N N N NTONTNAN N N [
o NH N, H H o H gy F o [o]
J o M HoH © AT
NH: o
HO oHt 0 ° "
OoH HO OH

Synthetic procedure:

Step 1:

O/ }O
R A G S

A 500 ml single necked flask was charged with 2.19 g of sodium hydride, suspended with 100 ml of
N,N-dimethylformamide, cooled to 0-5 °C under nitrogen atmosphere, 10.0 g of 4-chlorophenyl
benzyl alcohol was dissolved in 100 ml of N,N-dimethylformamide and was added to the reaction
solution dropwise slowly, and after addition, the reaction was stirred for 0.5 hour followed by
addition of 7.6 g of ethyl bromoacetate, and after addition, the temperature was raised to 35-40 °C
overnight, and after the reaction completed as shown by TLC, the reaction was poured into 1 L of
ice-water and was added with 500 ml of ethyl acetate for extraction, the organic phase was washed
with saturated sodium chloride, dried over anhydrous sodium sulfate and then concentrated to
dryness by a rotary evaporator to obtain a crude product, which was purified by column eluted with

10 % ethyl acetate/petroleum ether to obtain 11.0 g of an oily liquid with a yield of 83.0 %.

Step 2:

O_O>_O/ Hj\o/ QL
OO

A 100 ml single necked flask was charged with 2.5 g of potassium tert-butoxide, dispersed with 15
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ml of diethyl ether, a solution of 5.9 g of the product obtained from the previous step in 2.2 ml of
methyl formate was added slowly under nitrogen atmosphere, the reaction solution was reacted at
room temperature overnight, and after the reaction completed as shown by TLC, 50 ml of diethyl
ether was added and stirred for 0.5 hour followed by suction filtration, the filter cake was dried under

reduced pressure to obtain 5.6 g of a white solid.

Step 3:

-

b, O%o/ oj\go H

HoiL'/’-O C|—"—/ \ o
-0 Al

% ﬂﬁj g

o NHZ

HO OI—pH

A 100 ml single necked flask was charged with 743 mg of vancomycin, which was dissolved in 40
ml of N,N-dimethylformamide at 80 °C, 214 mg of the product obtained from the previous step was
added, followed by addition of 63 mg of sodium cyano borohydride in batch, and after addition, the
reaction was performed for 2 hours, 1 ml of acetic acid was added and stirred for 0.5 hour, the
reaction solution was poured into 50 ml of diethyl ether whereupon a solid precipitated, suction
filtration was performed, the filter cake was stirred/washed with 40 ml of a solvent mixture of
methanol and diethyl ether (1:3) followed by suction filtration, the crude product thus obtained was
isolated by preparative HPLC to obtain 100 mg of the product. MS m/e 1750.4, 1751.4, 1752.4
(M+1)

Step 4:
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30 mg of the product obtained from the previous step was dissolved in a solvent mixture of 3 ml of
tetrahydrofurane and 3 ml of water, 4.6 mg of lithium hydroxide was added with stirring, the reaction
solution was stirred for 4 hours, 18 mg of acetic acid was added to quench the reaction, the organic
solvent was removed by a rotary evaporator, purification by preparative HPLC obtained 9.7 mg of
the product, MS m/e 1736.5, 1738.5, 1739.5 (M+1)

Example 2
Compounds V9, V11, V13, V15, V20, V21, V22, V23,V24,V25, V55, V61 and the like were

prepared according to the process as described in Example 1.

Example 3
H L Ny
N SO _ N (o
oK
o
A0
oA O
NHz OH R e P
0
Hobkd | HN OH O%N;;&A‘ PH
0 oK Hokd™ H 0 1b
al s} o] ]

0. 0, al o a - | o 1

HO», ¥ " ° HO OH
H - .
.,N/-,ON NS %0 S WY HO»- S 2 OH, " (o 0 "
B ., 2 H N NN N NN

N H H 0 N R VA WY N N

Hol © N PN v i LB o

2
d o Hoh) © " Fa, J KoY
HoH °
HO' ol
o o HO oH™

Synthetic procedure:

Step 1:
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A 100 ml single necked flask was charged with 20 ml of n-butanol, 1.80 g of pieces of sodium was
added in an ice-water bath, and after addition, the mixture was heated at reflux until the solid
dissolved, cooled to room temperature, 10.0 g of ethyl bromoacetate was added, after which the
temperature was raised to 40-50 °C, stirred overnight, and after the reaction completed as shown by
TLC, 100 ml of diethyl ether was added, the mixture was washed with 50 ml of water three times,
the organic phase was dried by a rotary evaporator under reduced pressure to obtain 9.1 g of an oily

liquid, which was directly used in the next step.

Step 2:

0. \j\ \/\/O -~
NN O/ _— | O

OK

A 100 ml single necked flask was charged with 2.5 g of potassium tert-butoxide, dispersed with 15
ml of diethyl ether, a solution of 3.0 g of the product obtained from the previous step in 2.2 ml of
methyl formate was added slowly under nitrogen atmosphere, the reaction solution was reacted at
room temperature overnight, and after the reaction completed as shown by TLC, 50 ml of diethyl
ether was added and stirred for 0.5 hour followed by suction filtration, the filter cake was dried under

reduced pressure to obtain 2.9 g of a white solid.

Step 3:

H
NHZ NS o~ H
| HN OH
Ho?b/f"o

OK

0 NHz % H
OI_PH o NH2

A 250 ml single necked flask was charged with 1.48 g of vancomycin, which was dissolved in 80 ml

of N,N-dimethylformamide at 80 °C, 276 mg of the product obtained from the previous step was
added, followed by addition of 126 mg of sodium cyano borohydride in batch, and after addition, the
reaction was performed for 2 hours, 5 ml of acetic acid was added and stirred for 0.5 hour, the
reaction solution was poured into 100 ml of diethyl ether whereupon a solid precipitated, suction

filtration was performed, the filter cake was stirred/washed with 40 ml of a solvent mixture of
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methanol and diethyl ether (1:3) followed by suction filtration, the crude product thus obtained was
isolated by preparative HPLC to obtain 56 mg of the product. MS m/e 1606.5, 1607.5, 1608.5 (M+1)

Step 4:

30 mg of the product obtained from the previous step was dissolved in a solvent mixture of 3 ml of
tetrahydrofurane and 3 ml of water, 7.8 mg of lithium hydroxide was added with stirring, the reaction
solution was stirred for 4 hours, 18 mg of acetic acid was added to quench the reaction, the organic
solvent was removed by a rotary evaporator, purification by preparative HPLC obtained 5.0 mg of
the product, MS m/e 1592.2, 1593.2 (M+1)

Example 4
Compounds V16, V19, V26, V27, V30, V31, V32, V33, V67, V68 and the like were prepared

according to the process as described in Example 1.

Example 5
e o
o~ O ™
0
Q O/ O;XO 04\5
NH: ? OH 0{\\:
\ HN oH
Ho g o CI oK Hy OH °
al 0O al Ho g0 o Ho2Eg 0
_ a o a
o o] ¢l 5 Q o al o o]
HO- o iH iR , o
oA 4PN NN, o Ho o 2 H )
NN N il H 5 AH N4
LN o N " o N N?NW NN N Ny N 70‘ H
H N o]
O O & NH: HONY O 0 NH HO;I O o NHz2
o
Ho ot O oM HO O ot

Synthetic procedure:

Step 1:
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A 250 ml single necked flask was charged with 1.5 g of norvancomycin, which was dissolved in 80
ml of N,N-dimethylformamide at 80 °C, 250 mg of the product obtained from Step 2 of Example 1
was added, followed by addition of 130 mg of sodium cyano borohydride in batch, and after addition,
the reaction was performed for 2 hours, 5 ml of acetic acid was added and stirred for 0.5 hour, the
reaction solution was poured into 100 ml of diethyl ether whereupon a solid precipitated, suction
filtration was performed, the filter cake was stirred/washed with 40 ml of a solvent mixture of
methanol and diethyl ether (1:3) followed by suction filtration, the crude product thus obtained was
isolated by preparative HPLC to obtain 15 mg of the product. MS m/e 1736.5, 1737.5, 1738.5 (M+1)

Step 2:

HO 4 NHz

5 mg of the product obtained from the previous step was dissolved in a solvent mixture of 1 ml of

tetrahydrofuran and 1 ml of water, 2.0 mg of lithium hydroxide was added with stirring, the reaction
solution was stirred for 1 hour, 10 mg of acetic acid was added to quench the reaction, the organic
solvent was removed by a rotary evaporator, purification by preparative HPLC obtained 3.5 mg of
the product, MS m/e 1722.5, 1723.5, 1724.5 (M+1)
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Example 6
Compounds V51, V52, V53, V54, V55, V57, V58, V59, V60, V68 and the like were prepared

according to the process as described in Example 1.

Example 7
=T o e
% / o A on A O
o od\f3 o
H 27y oyt 5\{3 H
OO a Ho g 04 o g 04
H(ﬁ@N,\ o o al 1 o O |
0 HAEN N oK 0
o o b e oH, H%ﬁ\
oy K Ny el O o0 L 2 HLLoP Y : o i o
H 4, . OH H
HI §Hf o O3 NN AN N O N g N NN N
HO N Nr o n N N
o N HaN [s} N Hf o
e g 217 g Ho q °
O PH 0 0 i
HO "0 H ‘
Ho > o Ho > orPH

Synthetic procedure:

Step 1:

A 500 ml single necked flask was charged with 3.1 g of 4-epi-vancosaminyl vancomycin, which was
dissolved in 150 ml of N,N-dimethylformamide at 80 °C, 500 mg of the product obtained from Step
2 of Example 1 was added, followed by addition of 250 mg of sodium cyano borohydride in batch,
and after addition, the reaction was performed for 2 hours, 7 ml of acetic acid was added and stirred
for 0.5 hour, the reaction solution was poured into 150 ml of diethyl ether whereupon a solid
precipitated, suction filtration was performed, the filter cake was stirred/washed with 40 ml of a
solvent mixture of methanol and diethyl ether (1:3) followed by suction filtration, the crude product
thus obtained was isolated by preparative HPLC to obtain 7.8 mg of the product. MS m/e 1896.5,
1893.5, 1894.5 (M+1)

Step 2:
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HO

5 mg of the product obtained from the previous step was dissolved in a solvent mixture of 1 ml of
tetrahydrofurane and 1 ml of water, 2.0 mg of lithium hydroxide was added with stirring, the reaction
solution was stirred for 1 hour, 10 mg of acetic acid was added to quench the reaction, the organic
solvent was removed by a rotary evaporator, purification by preparative HPLC obtained 1.8 mg of
the product, MS m/e 1881.5, 1880.5, 1879.5 (M+1)

Example 8

Compounds V61, V62, V63, V64, V65, V66, V69 and the like were prepared according to the

process as described in Example 7.
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What is claimed is:

1. A vancomycin derivative as shown in formula (I):

R3S OR?

wherein:

R' is -NHCH; or -NH>;

R?is H or 4-epi-vancosaminyl;

R’ is -(R)COOR® or -(S)COOR® or -(R/S)COOR?; wherein R* is H, C1-C20 alkyl, C5-C12 aryl,
C2-C12 alkenyl or C2-C12 alkynyl;

R is hydrogen, C1-C20 alkyl, C5-C12 aryl, C2-C12 alkenyl, C2-C12 alkynyl, (C1-C20
alkyl)-R’ or (C1-C20 alkyl)-O-R’; wherein R’ has the following structure:

(a) unsubstituted C5-C12 aryl or mono-substituted C5-C12 aryl or poly-substituted C5-C12 aryl,
wherein the substituent independently is:

(I) hydroxyl

(IT) halogen

(IIT) nitro

(IV) amino

(V) C1-C20 alkyl

(b) the following structure:

-£C
A1

Alis -OC(A?)2-C(A?)2-0- or -O-C(A?)2-0- or -C(A%)2-0O- or -C(A*)2-N- or
-C(A%)2-C(A%)2-C(A»)2-C(A?)2-, wherein A% independently is hydrogen or C1-C20 alkyl

(c) the following structure:
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j _(R"p

p is 1-5, wherein R’ independently is the following group:
(I) hydrogen

(IT) hydroxyl

(IIT) halogen

(IV) nitro

(V) amino

(VD C1-C20 alkyl

(d) the following structure:

(R')g
g (Z-R®r
q is 0-4, wherein R’ independently is the following group:
(I) hydrogen
(IT) hydroxyl
(IIT) halogen
(IV) nitro
(V) amino
(VD C1-C20 alkyl
ris 1-5, but q + r is no more than 5
Z is the following case:
(I) a single bond
1) -(C1-C12)alkyl-
R® independently is:
(I C5-C12 aryl
(II) C5-C12 heteroaryl
(IIT) phenyl unsubstituted or substituted with 1 to 5 substituents independently selected from:
(a) hydrogen
(b) hydroxyl
(c) halogen
(d) nitro
(e) amino
(f) C1-C20 alkyl.

2. A vancomycin derivative as shown in formula (I):
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(D

wherein:

R' is -NHCH; or -NH»;

R? is H or 4-epi-vancosaminyl;

R’ is -(R)COOR® or -(S)COOR® or -(R/S)COOR?; wherein R* is H, C1-C20 alkyl, C5-C12 aryl,
C2-C12 alkenyl or C2-C12 alkynyl;

R* is C1-C20 alkyl.

3. A vancomycin derivative as shown in formula (I):

RS OR*

(D

wherein:

R' is -NHCH; or -NHy;

R? is H or 4-epi-vancosaminyl;

R’is -(R)COOR® or -(S)COOR® or -(R/S)COOR?; wherein R* is H, C1-C20 alkyl, C5-C12 aryl,
C2-C12 alkenyl or C2-C12 alkynyl;

R*is (C1-C20 alkyl)—R5, wherein R’ has the following structure:
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j ~{R")p

p is 1-5, wherein R’ independently is the following group:
(I) hydrogen

(IT) hydroxyl

(IIT) halogen

(IV) nitro

(V) amino

(VD CI1-C20 alkyl.

4. A vancomycin derivative as shown in formula (I):

R _OR*
H
NH OF™ oH
70
HO 0 o

D

wherein:

R' is -NHCH; or -NH>;

R? is H or 4-epi-vancosaminyl;

R¥is -(R)COOR? or -(S)COOR? or -(R/S)COOR?; wherein R* is H, C1-C20 alkyl, C5-C12 aryl,
C2-C12 alkenyl or C2-C12 alkynyl;

R* is (C1-C20 alkyl)-R’, wherein R’ has the following structure:

(R')q
e
q is 0-4, wherein R’ independently is the following group:
() hydrogen
(II) hydroxyl

(IIT) halogen
(IV) nitro
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(V) amino

(VI) C1-C20 alkyl

ris 1-5, but q + r is no more than 5
Z.is the following case:

(I) a single bond

D) -(C1-C12)alkyl-

R® independently is:

(D C5-C12 aryl

(II) C5-C12 heteroaryl

(IIT) phenyl unsubstituted or substituted with 1 to 5 substituents independently selected from:
(a) hydrogen

(b) hydroxyl

(c) halogen

(d) nitro

(e) amino

(f) C1-C20 alkyl.

5. A vancomycin derivative as shown in formula (I):

R3_OR*

(D
wherein:
R' is -NHCHj; or -NHy;
R?is H or 4-epi-vancosaminyl;
R? is -(R)COOR® or -(S)COOR? or -(R/S)COOR?; wherein R? is H;
R* is (C1-C20 alkyl)-R’, wherein R’ has the following structure:
(R")q
@ (Z-R®r
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q is 0-4, wherein R’ independently is the following group:
(I) hydrogen

(IT) hydroxyl

(IIT) halogen

(IV) nitro

(V) amino

(VD C1-C20 alkyl

ris 1-5, but q + r is no more than 5
Z is the following case:

(I) a single bond

1) -(C1-C12)alkyl-

R® independently is:

(I C5-C12 aryl

(II) C5-C12 heteroaryl

(IIT) phenyl unsubstituted or substituted with 1 to 5 substituents independently selected from:
(a) hydrogen

(b) hydroxyl

(c) halogen

(d) nitro

(e) amino

(f) C1-C20 alkyl.

6. Use of the vancomycin derivative according to any one of Claims 1-5, characterized in that a
medicament comprising the compound of formula (I) according to Claim 1 or a clinically acceptable
salt thereof is used for treatment of infection caused by gram-positive bacteria or

vancomycin-resistant bacteria.

7. A process for preparing the vancomycin derivative according to any one of Claims 1-5,

characterized in that the product is obtained from reductive reaction of vancomycin or an analogue

RS'\[O'RA'
thereof and a compound of formula OM  with a reductive agent in a polar solvent followed by
hydrolysis, and if R* is H in the formula, the product is directly obtained after reduction;
the vancomycin and the analogue thereof are vancomycin of formula (II), norvancomycin of formula
(I1I), 4-epi-vancosaminyl vancomycin of formula (IV) or 4-epi-vancosaminyl norvancomycin of

formula (V):
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0 A NH o
NH, OH 2
Ho /- /PO |-|o?//“L/’\O§éf
cl
HA12N HA1N
m &r\
A
H 5 m u N IN 2, \NH,
Hd; NH2
HO ‘ oHH HO OI—PH
(Iv) V)

M is alkali metal or alkaline earth metal;

R’ is -(R)COOR® or -(S)COOR® or -(R/S)COOR?, and R* is H, C1-C20 alkyl, C5-C12 aryl,
C2-C12 alkenyl or C2-C12 alkynyl;

R* is hydrogen, C1-C20 alkyl, C5-C12 aryl, C2-C12 alkenyl, C2-C12 alkynyl, (C1-C20
allkyl)—R5 or (C1-C20 alkyl)—O—RS, and R has the following structure:

(a) unsubstituted C5-C12 aryl or mono-substituted C5-C12 aryl or poly-substituted C5-C12 aryl,
wherein the substituent independently is:

(I hydroxyl

(IT) halogen

(IIT) nitro

(IV) amino

(V) C1-C20 alkyl

(b) the following structure:

£C
A1

A' is -OC(A%)2-C(A?%)2-0O- or -O-C(A%)2-0- or -C(A%)2-O- or -C(A%)2-N- or
-C(A%)2-C(A%)2-C(A?2-C(A?)2-, wherein A% independently is hydrogen or C1-C20 alkyl
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(c) the following structure:

j ~(R")p

p is 1-5, wherein R’ independently is the following group:
(I) hydrogen

(IT) hydroxyl

(IIT) halogen

(IV) nitro

(V) amino

(VD C1-C20 alkyl

(d) the following structure:

(R")a
@ (Z-R¥r
q is 0-4, wherein R’ independently is the following group:
(I hydrogen
(IT) hydroxyl
(IIT) halogen
(IV) nitro
(V) amino
(VD C1-C20 alkyl
ris 1-5, but q + r is no more than 5
Z is the following case:
(I) a single bond
1) -(C1-C12)alkyl-
R? independently is:
(D C5-C12 aryl
(IT) C5-C12 heteroaryl
(IIT) phenyl unsubstituted or substituted with 1 to 5 substituents independently selected from:
(a) hydrogen
(b) hydroxyl
(c) halogen
(d) nitro
(e) amino
(f) C1-C20 alkyl.
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8. The process according to Claim 7, characterized in that the polar solvent is methanol, ethanol,
iso-propanol, tert-butanol, N,N-dimethylformamide, N,N-dimethylacetamide; the temperature is
between 0 and 80 °C; the reductive agent is sodium borohydride, potassium borohydride, borane or a
complex containing borane, sodium cyano borohydride, potassium cyano borohydride, sodium
triacetoxy borohydride, potassium triacetoxy borohydride; the equivalent ratio of vancomycin to the

reductive agent is 1:0.8-5.0.
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