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Thirty-one N*-mono alkyl derivatives of novel glycopeptide LYVO7wwO01 were synthesized by the reduc-
tive alkylation and their in vitro antibacterial activity was tested. The benzyl derivatives showed potent
activity, especially against vancomycin-resistant enterococci and penicillin-resistant Streptococcus

© 2011 Elsevier Ltd. All rights reserved.

Vancomycin (1, see Fig. 1) and the related compounds are called
glycopeptide antibiotics. 1 is produced by Amycolatopsis orientalis
and was first isolated by Eli Lilly and Company in 1956. It became
available for clinical use upon its FDA approval in 1958. It has been
one of the few antibiotics effective against nosocomial infections
caused by Gram-positive bacteria, especially methicillin-resistant
Staphylococcus aureus (MRSA).! Its antibacterial activity appears
to be based on inhibition of peptidoglycan transglycosylation
and/or transpeptidation by binding to -p-Ala-p-Ala, which is the
terminus of cell-wall precursor peptides.? However, the appear-
ance of vancomycin-resistant enterococci (VRE) and the possibility
of its spread to other pathogens become a growing clinical problem
worldwide recently.? In the case of VRE, the terminus of the pre-
cursor peptides varies from -p-Ala-p-Ala to -p-Ala-p-Lac, the affin-
ity of vancomycin for depsipeptide ligands is decreased by about
1/1000; therefore, antibacterial activity also decreases.* The con-
cern of increasingly frequent vancomycin resistance has high-
lighted the need for modification of glycopeptide derivatives. The
biphenylmethyl derivative of A82846B, known as oritavancin
(Fig. 2), has been found to be more active against both the suscep-
tible and vancomycin-resistant pathogens than vancomycin.”> The
recent studies have shown that the introduction of a hydrophobic
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side chain on the nitrogen of the amino sugar moiety in glycopep-
tides was found to be effective for potent activity against VRE.®
Telavancin and dalbavancin are also included as the successful
examples (see Fig. 2), the former has been approved onto the mar-
ket by FDA in 2009 and the latter is in clinical trial. A common
structural characteristic in these semi-synthetic glycopeptides is
a hydrophobic side-chain substituent at the amino-sugar, which
is attached to the phenolic-hydroxyl group of amino acid residue
4 of the aglycon structure.”

As recently described in the Chinese patent, LYVO7wwO01 (2, see
Fig. 1) can be obtained through genetic manipulation of native van-
comycin producer A. orientalis HCCB10007.2 2 is a novel three-su-
gar glycopeptide with the same scaffold as vancomycin, but
another vancosamine appended to amino acid residue 6. It is very
similar to A82846B (LY264826, Chloroorienticin A, see Fig. 1)
which has 4-epi-vancosamine units both in amino acid residue 4
and in amino acid residue 6.° So far, the structural modification
on 2 has not been reported, herein we report the synthesis of a ser-
ies of 2 derivatives with N*-alkylation of vancosamine in amino
acid residue 4. Their in vitro antibacterial activities were evaluated
against a panel of pathogens, including Gram-positive bacteria
resistant to current therapies.

The target compounds were prepared by reductive alkylation.!®
This reaction was accomplished by treating 2 with a slight excess
of the desired aliphatic or aromatic aldehydes, heating to 65 °C in
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Fig. 2. Structures of telavancin, oritavancin and dalbavancin.
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Scheme 1. Reagents and conditions: (i) (1) RCHO, DMF/MeOH (1:1), 65 °C 2 h; (2) NaBH5CN, rt.
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Table 1
N*-mono alkyl derivatives of novel glycopeptide LYVO7wwO01

1
OH /R
HN
H
HC——0 go
CH;

OH

CH;
\\\\NH
H
CH;,
Compd R! Yield (%) 25 ESI-MS (m/z) MIC (pg/mL)?
(b H

S. aur S. pne S. alb E. fae S. gam S. epi
1 Vancomycin hydrochloride —252 1448.33 (M+H) 0.78 0.39 3.13 6.25 6.25 >25
2 H ~80°  1613.60 (M+Na) 039 0098 078 313 078  »25

F
_CH2 F b
4 212 -7 1735.25 (M+H) 156 156 313 156 125 125
F
5 _CHZOCI 136 ~52°  1737.49 (M+Na) 313 156 313 313 156 125
Cl
6 —CH2‘© 25 ~56°  1715.66 (M+H) 156 078 156 156 078  >25
Cl
7 —CH2—© 205 ~62°  1751.26 (M+Na) 156 078 313 156 156 625
Cl
8 —CHZGQ 36.1 —76°  1749.41 (M+H) 313 078 313 625 078 25
Cl
9 —CHZOC| 17.2 —46°  1749.60 (M+H) 313 313 313 156 156 25
10 _CHZOBF 209 ~60°  1781.41 (M+Na) 156 156 156 156 625 625
Br

1 -66¢ 1781.44 (M+Na) 078 078 078 078 313 25
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Table 1 (continued)

Compd R! Yield (%) 0% ESI-MS (m/z) MIC (pg/mL)?

S. aur S. pne S. alb E. fae S. gam S. epi

Br.
12 —CH2—© 17.8 —49° 175953 (M+H) 156 0195 156 156 039 25
13 _CHZOOCH3 156 ~16° 171150 (M+H) 078 078 156 156 156 313
_CH2 b
14 271 ~60 1723.36 (M+H) 156 078 156 156 156 625
15 e 173 ~59° 173135 (M+H) 156 078 156 156 625  >25
2
Ty
16 Q 3238 ~63° 173170 (M+H) 156 156 313 313 078 »25
_CH2 c
17 304 -35 1779.69 (M+Na) 313 156 156 156 078 625
18 _CHZOO_”'CGH” 15.0 ~59¢  1803.50 (M+Na) 625 313 625 625 313 »25
19 _CHZOSO 205 +143°  1889.66 (M+H) 313 313 313 313 313 »25
20 _CH2C' 242 ~34°  1791.19 (M+H) 625 313 313 625 313 625
21 _CHZOO < > OCHs 145 ~13° 180456 (M+2) 156 156 313 156 156 »25
OCH,4

22 _CHZOO@ 185 —42° 180462 (M+2) 313 313 313 313 078 »25
23 _CHZOO_n'CSHﬁ 2538 —63°  1810.79 (M+2) 125 625 125 125 625  >25
24 _CH2OO_n'CQH19 238 ~59°  1823.75 (M+H) 125 125 25 125 125 >25
25 ~CH,-n-CsHy 186 ~106"  1647.65 (M+H) 078 039 156 25 156  >25
26 ~CH,-n1-C4Ho 268 —99°  1661.65 (M+H) 156 039 313 25 078  »25
27 ~CH,-n-CsHy, 26.7 ~104>  1675.65 (M+H) 156 078 313 25 156  >25
28 ~CH,-n-CoHi 180 ~95°  1689.70 (M+H) 156 078 156 >25 156  >25
29 ~CHy-n-C7H5 131 ~60°  1703.50 (M+H) 313 039 313 156 156  >25
30 ~CH,-n-CgHy 7 136 ~100°  1717.60 (M+H) 313 156 625 25 156  >25
31 ~CH,-n-CoHyo 289 ~59° 173136 (M+H) 625 625 625  >25 625  >25

(continued on next page)



6736 C. Shao et al./Bioorg. Med. Chem. Lett. 21 (2011) 6732-6738

Table 1 (continued)

Compd R' Yield (%) Mé-" ESI-MS (m/z) MIC (pg/mL)¢
S. aur S. pne S. alb E. fae S. gam S. epi
. .h-CqoH
—CH; N 10121
32 H 15.1 -57¢ 1774.46 (M+H) 6.25 3.13 6.25 125 3.13 >25

33 —CHZJ_Q 11.7 _47¢ 1707.72 (M+H) 3.13 1.56 3.13 3.13 156 »25
m——
34 2

S 59 —52¢ 1711.61 (M+Na+2) 25 6.25 >25 125 25 >25

S. aur: Staphylococcus aureus 26003, S. pne: Streptococcus pneumoniae 31002, S. alb: Staphylococcus albus 26101, E. fae: Enterococcus faecium 32220, S. gam: Streptococcus gamma
322086, S. epi: Streptococcus epidermidis 26069.

¢ ¢ 0.1, H,0.

b ¢ 0.1, CH;0H.

¢ ¢ 0.1, DMSO.

4 MIC was tested by the CLSI two-fold dilution method.

OH
L HO

OH

Scheme 2. Reagents and conditions: (i) TFA, rt.
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Table 2
Antibacterial activity (MIC pg/mL) against vancomycin-resistant bacteria
MIC (pg/mL)*
S. aureus E. faecalis E. faecium S. pneumoniae
MSSA? MRSA VSE VRE (Van B) VSE VRE PISP® PRSP¢
ATCC 25923 ATCC 33591 ATCC 29212 ATCC 51299 ATCC 35667 MEFA 0039 ATCC 49619 MSPN 0003
1 0.5 0.5 1 8 0.25 >32 0.125 0.25
2 0.25 0.125 0.25 0.5 0.125 8 0.063 0.125
7 1 0.5 0.5 0.5 0.25 8 <0.031 0.125
10 1 0.5 0.5 0.5 <0.031 2 <0.031 <0.031
11 1 0.5 0.25 0.5 <0.031 2 <0.031 <0.031
12 1 0.5 0.25 0.5 0.125 4 <0.031 0.063
13 1 0.5 0.5 0.5 0.125 4 0.063 0.125
14 1 0.5 0.5 0.5 <0.031 2 <0.031 <0.031
25 0.5 0.5 0.5 1 0.25 32 0.063 0.125

4 MSSA: methicillin-susceptible Staphylococcus aureus.

b PISP: penicillin-intermediate S. pneumoniae.

€ PRSP: penicillin-resistant S. pneumoniae.

4 MIC was tested by the CLSI broth microdilution method.

DMF/MeOH (1:1) as a solvent, followed by adding NaBH3CN as a
reducing agent and stirring at room temperature (see Scheme 1).
After work-up, the crude products were purified by reverse-phase
HPLC with dil. HCOOH aq-CH3OH as the eluant and the desired
fractions were concentrated to a small volume and neutralized
with saturated sodium bicarbonate to remove the formic acid, then
the aqueous solution was extracted with n-butanol. The organic
layer was separated and washed with water, then evaporated in
vacuo to dryness. The solid was collected by filtration and washed
with acetone and dried in vacuo.'® In the case of compound 32,
after the reaction of 2 with N-Fmoc-N-decylaminoacetaldehyde
as above, the additional de-protection was carried with 10% dieth-
ylamine in DMF for 30 min at room temperature to remove the
N-Fmoc-protective group. The data from both 'H NMR and mass
spectra (Electrospray lonization, ESI) indicated that the products
were the mono-alkyl derivatives (Table 1).

The structure of the products was confirmed by chemical degra-
dation as described in the case of A82846B.!! The selective cleav-
age of compound 2 and 8 was accomplished by the reaction with
TFA at room temperature respectively, and the de-disaccharide
compound 3 was found as the major product in both of reactions
by HPLC (see Scheme 2). The result indicated that the site of alkyl-
ation was taken place on the disaccharide amino group (N?), nei-
ther on the N-methylleucine (N') nor the mono-saccharide (N®).

The in vitro antibacterial activity of the compounds against
Gram-positive bacteria was tested with vancomycin as the positive
control. Minimum inhibitory concentration (MIC) values were
determined using agar two-fold dilution method according to CLSI
and the data was collected in Table 1.

The result showed that both the benzyl and the aliphatic
derivatives maintained good or moderate antibacterial activities.
Compounds 4, 6, 7,9-15, 17, 21 had potent activity against Entero-
coccus faecium 32220 (4-8 times more active than 1, 2-4 times
more active than 2), while the derivatives having aliphatic chains
(25-32) had decreased antibacterial activity against VSE (Table 1).

The methoxybenzyl derivative (13) was the most active com-
pound against all 5 Gram-positive pathogens in the alkyloxybenzyl
derivatives, as the side chain was extended, the activity decreased
(18, 23, 24). A similar trend was observed for a series of aliphatic
derivatives, as the carbon length was increased from C4 to Cyg
(25-31), the MIC against S. aureus 26003 decreased from 0.78 to
6.25 pg/mL.

The polyaromatic derivatives including biphenyl and fused aro-
matic analogs (15-17, 20) exhibited an improvement in activity
againstE. faecium 32220, as well as the biphenyl ether (and the sul-
fur bioisostere) derivatives 21, 22, 19. However, replacement of the

aromatic ring with heterocycle such as the thiophene group (34)
provided no advantage over the benzyl analog.

As shown in Table 1, compounds 7, 10-14, 25 had the activities
comparative to 1. Encouraged by the above exciting results, these
compounds were undergone the in vitro test against the Gram-
positive resistant bacteria and the results were summarized in
Table 2. Although all seven modified derivatives did not give signif-
icant improvement against S. aureus (MSSA or MRSA) compared to
1 or 2, the compounds 10, 11, 14 were 4 times more active than 2
against E. faecium (VSE and VRE), especially, the six benzyl deriva-
tives (7, 10-14) gave the 4-16 times more activity than 1 against
VRE including E. faecalis and E. faecium. The derivatives with halo-
gens (7, 10-12) or isopropyl (14) showed better activity against
Streptococcus pneumoniae, both PISP and PRSP.

Arhin mentioned that the in vitro activity against S. aureus of
oritavancin was increased when polysorbate 80 was added, but
the latter did not affect the activity of vancomycin.'? The antibac-
terial test in this paper was undergone without polysorbate 80, the
effect on our compounds’ MIC of polysorbate 80 will be worthy for
investigation.

In summary, a series of 2 derivatives with N* alkylation of
vancosamine in amino acid residue 4 were synthesized and their
in vitro antibacterial activities were evaluated. The benzyl
derivatives showed potent activity, especially against vancomy-
cin-resistant enterococci and penicillin-resistant S. pneumoniae
and compounds 10, 11 and 14 are worthy to the further study.
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Representative experiment for the reductive alkylation: Compound 2 (500 mg,
0.3 mmol, 1.0 equiv) and 4-bromobenzaldehyde (72 mg, 0.4 mmol, 1.3 equiv)

C. Shao et al./Bioorg. Med. Chem. Lett. 21 (2011) 6732-6738

was dissolved in DMF/MeOH (1:1, 10 mL). The reaction mixture was stirred for
2 hin 65 °C, then cooled to room temperature and NaBH3;CN (38 mg, 0.6 mmol,
2.0 equiv) was added. The reaction mixture was stirred for additional 2 h at
room temperature. Methanol was removed in vacuo, and then acetone was
added. The precipitate was filtered, washed by acetone and dried in vacuo to
give the crude product. HPLC purification [Waters 2489, column: Sepax BR-C18
21.2 x 100 mm, gradient eluant: CH;OH-water 5-30% (0.1% HCOOH)]
provided the desired fractions. The eluent was concentrated to a volume of
20 mL and neutralized with saturated sodium bicarbonate to remove the
formic acid, and then was extracted with n-butanol (20 mL x 3). The organic
layer was separated and washed with water, then evaporated in vacuo to
dryness. The solid was collected by filtration and washed with acetone and
dried in vacuo to give pure compound 10 (110 mg, 20.9%) as an off white solid.
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