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Chemical Modification of Antibiotic Eremomycin at the Asparagine Side Chain
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AA3-Carboxyeremomycin 2, obtained by selective hydrolysis of antibiotic eremomycin
was used as a starting compound for the eremomycin chemical modifications at the
asparagine side chain to be transformed into eremomycin AA3, AA7 bis-amides (3a~c).
Bis-benzylamide 3b displayed an activity (8 ug/ml) against an E. faecium VanA strain.

Glycopeptide antibiotics display a high activity against
Gram-positive bacteria including pathogens resistant to
B-lactams, tetracyclines, and fluoroquinolones. They are
the drugs of last choice in treatment of severe bacterial
infections. Recently, the widespread use of glycopeptide
antibiotics such as vancomycin and teicoplanin in clinical
practice has given rise to the bacterial strains resistant
to these antibiotics. This requires new semisynthetic
glycopeptides active against highly resistant clinical
strains, especially against vancomycin-resistant en-

terococci! ~ .

The chemical modifications of the side chain of as-
paragine, the third amino acid residue in the eremomycin
backbone, is a promising approach to overcoming the
bacterial resistance to vancomycin. The importance of
the asparagine residue was recently demonstrated by the
X-ray study of the vancomycin acetate dimer®. It was
shown that one of the binding pockets of this dimer is
occupied by an acetate ion, which mimics the C-terminus
of the nascent cell wall peptide; at the same time another
pocket is closed by the asparagine side chain, which in
the absence of ligand occupies its place. It was sup-

Eremomycin (1) and its derivatives

1 R =O0OH; R"=NH,

2 R'=R"=0H

3a R'=R"=NHMe

3b R'=R"=NHCH,CH;

3¢ R'=R’=NH(CH,);NMe,

4a R'=NHMe; R"=NH,

4 R =NHCH,CHs; R"=NH,
4c R’=NH(CH,);NMe,; R"=NH,
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Table 1. Properties and yields of eremomycin derivatives (2,3a~c,4c).
Electro- Ton-spray MSP
HPLC phoretic Molecular MW
Compound  Yield Rt mobility f . [M+H]*
. . ormula
(min) relative
to Ere* Caled Found
1 9.0 1.00
33% 84 0.60  Co3HggCINGO,; 1558.54  1558.5
3a 75% 9.8 1.15 C,5Hg,CIN,, 0,5 1584.61 1584.6
3b 73% 215 1.15 CsH,oCIN; 0,5 1736.67 1736.7
3c 63% 34 1.35 Cg3H,,CIN, 50,5  1726.76 1726.7
d¢ 2% 8.1 125 CsH,0;CIN,,0,5 1641.7

1641.67

2 In 2N CH;COOH. Ere: eremomycin.

b Mass numbers refer to the lowest mass isotope of the cluster.

posed that the asparagine side chain keeps the binding
pocket in its conformation suitable for peptide docking
and swings out of the way when the peptide enters the
pocket?,

Structurally eremomycin (1) is closely related to
vancomycin. The binding pockets of both antibiotics
are similar; however, eremomycin forms more stable
dimers®. The first and the third amino acids directly
participate in the formation of the antibiotic-target
complex. The replacement of the N-terminal p-MeLeu

% or in eremomycin aglycon” with vari-

in vancomycin
ous amino acids was not effective, whereas the new
teicoplanin aglycon derivatives obtained by removing the
native AAT and AA3 constituents and incorporating new
ones, exhibited a pronounced activity against VanA
enterococci®. Recently, a free energy perturbation study
was performed on vancomycin derivatives by means of
molecular dynamics simulation. Its results suggested that
the modification of the asparagine side chain of the
antibiotic, which enhances its hydrophobicity, would
increase the affinity of glycopeptide antibiotics for
depsipeptide ligands and act synergetically with other
modifications that enhance the efficacy of these agents
against VanA-positive bacteria®.

In this communication we report a method of direct
chemical modification of the asparagine side chain in
eremomycin (1). The antibiotic was transformed into
carboxyeremomycin (2) by selective hydrolysis with
saturated Ba(OH), solution at 37°C for 4 hours. An
attempt to hydrolyze, under the same conditions,
vancomycin to carboxyvancomycin, which was earlier
described as a minor component of the vancomycin

complex'®, failed, probably, due to the transformation
of vancomycin into an inactive isoasparagine analogue
of vancomycin CDP-1*Y, This indicates that the addi-
tional sugar moiety at amino acid 6 in eremomycin,
which is absent in vancomycin, stabilizes the core of
eremomycin. The acid hydrolysis of the asparagine amide
group in eremomycin is accompanied with hydrolysis of
the glycoside bonds*?,

Carboxyeremomycin (2) reacted with ‘methylamine,
benzylamine, or 3-(N,N-dimethyl-amino)propylamine in
the presence of benzotriazolyi-tris-pyrrolidinophospho-
nium-hexafluorophosphate (PyBOP) giving the corre-
sponding bis-amides at amino acids 3 and 7 (3a, 3b, 3c¢)
in 63~75% yields. The eremomycin monoamide (4¢)
was obtained by the method described for the eremo-
mycin methylamide (4a) or benzylamide (4b)!%.

New derivatives 2, 3a~c, and 4c were structurally
elucidated with the use of 'H NMR spectroscopy,
electrospray mass spectrometry (ES MS), and paper
electrophoresis (Table 1). The 'H NMR assignments
(Table 2) were based on the DQCOSY proton-proton
correlations and on a comparison with the data re-
ported for eremomycin (1)!%!%. 'H NMR spectra of
3a~cand 4¢ demonstrate the presence of all signals of the
eremomycin (1) backbone protons as well as of the groups
introduced. The 'H NMR spectrum of carboxyeremo-
mycin (2) is very close to the spectrum of 1. The ES MS
of 2, 3a~c, and 4¢ demonstrate the presence of the
corresponding mono- or double-charged protonated
molecular ions. In the ES MS of 2, 3b, and 3c,
triple-charged molecular ions of dimers are also present

as in the case of eremomycin and its amides!?,
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Table 2. 'H NMR spectra of eremomycin derivatives (2, 3a~¢, 4¢) in comparison with 1.
1? 2° 3a 3b 3¢ 4e
Proton D,0, D,0, DMSO-d,, DMSO-d,, DMSO-dg, D,0,
70°C 80°C 80°C 35°C 80°C 35°C
Amide substituents
CONMe 2.52 (6H, s)
CONCH,Ph 3.25 (4H, m),
7.30 (10H, m)
2-NCH,* 325 (4H, m)  3.25 (2H, m)
p-CH, 1.89 @H, m), 2.25 (2H, m)
1.95 (2H, m)
v-NCH, 2.85 (2H, m), 3.25 2H, m)
3.05 (2H, m)
- NMe, 2.80 (12H, s) 2.97 (6H, s)
Hexapeptide core
protons®
P-1, P-2 0.96 (3H, d), 0.96 (3H, d), 0.90 (3H, d), 0.90 (3H, d), 0.89 (3H, d), 0.89 (3H, d),
0.98 (3H, d) 0.98 (3H, d) 0.92 (3H, d) 0.92 (3H, d) 0.91 (3H, d) 0.90 (3H, d)
P-4, P-3 175 (2H, m),  1.80 (2H, m), 1.62 (2H,m), 1.88 (2H,m), 1.58 2H,m), 1.70 2H, m),
178 (1H, m)  1.82(1H,m) 1.70 (IH, m) 190 (1H,m) 170 (1H, m)  1.92 (1H, m)
P-5 268 (3H,s) 278 (3H,s) 238 (3H,s)  255(GH,s) 280 (3H,s)  2.95(3H,s)
P-6 553 (1H,m) S555(1H,m) 545(1H,m) 540 (1H,m) 535(1H,m) 559 (1H, m)
P-7 2.65 (2H, m) 2.73 2H, m) 2.36 (2H, m) 2.60 (2H, m) 2.60 (2H, m) 2.73 2H, m)
P-8 548 (IH, m) 540 (1H,m) 536 (1H,m) 532(1H,m) 535(1H,m) 517 (1H, m)
x-1¢ 3.88 (1H, m) 4.03 (1H, m) 4.01 (1H, m) 4.02 (1H, m) 4.05 (1H, m) 4.45 (1H, m)
Carbohydrate
protons’
e-1 509 (1H, m) S5.15(1H,m) SI10(1H,m) 515(H,m) 512(1H,m) 541 (1H, m)
-2, 238 (1H, m) 235(1H,m) 225(1H,m) 235(H,m) 245(H, m) 2.45(1H, m)
-2 2.56 (1IH, m) 255 (1H, m) 240 (IH,m) 250 (1H,m) 275(1H,m) 245 (1H, m)
e-d 3.50 (1H, d)  3.50 (1H,d) 342 (IH, m) 338 (I, m) 3.25(1H,m) 3.57 (1H, d)
e-5 377 (1H, m) 390 (1H, m) 3.60 {H,m) 3.65(1H,m) 3.50 (IH,m) 3.91 (IH, m)
Me-¢, 1,70 3H,s) 170 3H,s)  1.50 3H,s) 172(3H,s) 139 (3H,s)  1.65(3H,s)
Me-¢e5 145 (3H,d)  145(GH,d) 125GH,d) 154(GH,d) 139(3H,d) 143 (3H,d)
f-1 5.35 (1H, m) 530 (1IH, m) ~5.0(IH,m) ~5.0(1H, m) 4.25 (1H, m) 5.43 (IH, m)
2, 213 (1€, m)  215(IH,m) 212(1H,m) 212(1H,m) 235(1H,m) 225 (1H, m)
f-2, 235(H, m) 235(1H,m) 222(1H,m) 235(1H,m) 270 (1IH, m) 2.45(1H, m)
f-4 346 (1H,d)  3.50 (1H,d) 330 1H,m) 332 (IH,m) 3.25(1H,m) 447 (1H, d)
£-5 458 (1H, m) 440 (I, m) 450 (IH, m) 442 (1H,m) 425(1H, m) 4.57 (1H, m)
Me-f, 1.40 (3H, s) 1.30 (3H, s) 1.25 (3H, s) 1.40 (3H, s) 1.39 (3H, s) 1.45 (3H, s)
Me-f; 128 3H,d) 128 (GH,d) LISGH,d) 1253GH,d) LI3GH,d)  1.25(3H,d)
g-1 ~54(1H,d) ~55(1H, d) 541 (1H,d) 547 (H, d) 532(H,d)  525(1H, d)

*HCl salt, ®H,S0, salt, ® the protons in N(CH,);NMe, groups of the compounds 3¢ and 4¢ were marked as «, f, and
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y. 4aromatic protons signals (14H) are at 5.5~ 8.0 ppm, ©the signals of six x-CH-groups (x-2~x-7) of the peptide core are
at ~4.0~6.5ppm, "signals g-2~g-6 of the glucose residue (6H) are at ~ 3.6~4.1 ppm.

The antibacterial activity of these compounds against
clinical isolates of Gram-positive bacteria was com-
pared with that of 1 and the corresponding eremo-
mycin monoamides 4a~4c (Table 3). Hydrolysis of the
asparagine amide group of eremomycin led to a com-
pound with a reduced antibacterial activity against all

the strains tested, whereas amidation of both carboxyl
groups of amino acids 3 and 7 in 2 to give bisamides
3a~3c led to an increase in activity. However, the
antibacterial activity of 3a ~ 3¢ was 2 ~ § times lower than
that of the parent antibiotic 1 or the corresponding
monoamides 4a ~4c. The most interesting is the activity
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Table 3. Antibacterial activity (MIC ug/ml) of new eremomycin derivatives (2,3a~c,4a~c)

in comparison with 1.

Compounds
Microorganism
1 2 3a 3b 3¢ 4a 4b dc

L 819 S. aureus 0.13 4 0.5 0.5 0.5 0.13 0.13 0.13
Smith

L 561 S. aureus 0.5 16 2 4 2 Q.5 0.25 1
clinical isolate

L 533 S. epidermidis 0.13 2 0.25 0.5 1 0.13 0.13 0.13
clinical isolate

L 602 0.13 4 0.25 0.13 0.25 0.5 0.13 0.13
S. haemoliticus
clinical isolate

L 560 E. faecalis > 128 > 128 > 128 64 >128 >128 >128 > 128
Van A

L 559 E. faecalis 0.5 4 1 0.25 0.5 0.252 0.13* 0.25
(isogenic L 560)

L 569 E. faecium >128 >128 8 32 ND ND >128
VanA > 128

L 568 E. faecium 0.13 ND 0.5 0.25 0.13 ND ND 0.13
(isogenic L 569)

L 49 S. pyogenes 0.13 1 0.13 0.13 0.13 0.13 0.06 0:13
C 203

*  Determined for E. faecium ATCC 7080.

of bisamide 3b against VanA strain of E. faecium 1L 569
(VanA) (MIC 8 ug/ml). Recently it was demonstrated
that the derivatives of eremomycin at amino acid 7 that
contain hydrophobic substituents (e.g., benzyl or decyl
groups) overcome the resistance to vancomycin®®. Our
data show that the search for compounds active against
VanA enterococci among bisamides of type 3 containing
hydrophobic substituents is promising. It is remarkable
that although strategies involving deamidation and
functionalization of the asparagine side chain seemed to
be conceivable only after suitable protection of other
reactive moieties or with suitable direction of the
derivatizing reagents”, we succeeded in the selective
deamidation of the asparagine moiety in hydrolytic
conditions.

Experimental

General

Eremomycin was produced at the pilot plant of the
Institute of New Antibiotics. Paper electrophoresis was
performed in a 2N acetic acid at 700V for 3 hours using

Filtrak FN-12 paper (Germany). The CM-cellulose
CM-32 (Whatman) column chromatography was per-
formed using LK B Uvicord 2138 supplied with Recorder
6520. Ion-exchange resin SDW-3, an analog of Dowex
50x2, was obtained from Biolar (Olaine, Latvia).
HPLC analyses were performed on a Shimadzu HPLC
LC 10 instrument equipped with a Diasorb C-16 column
(4.0x250 mm, 7pk, BioChem Mack, Russia) and
variable wavelength UV detector set at 280 nm with an
injection volume 10 ul. The mobile phases were: (A) 0.1 m
NH,H,PO,, pH 3.75; and (B) acetonitrile; the eluent
was a linear gradient of phase A in phase B ( 5 to 45%,
25 minutes) at a flowrate of 1.0 ml/minute.

'H NMR spectra were recorded on Varian VXR-400
spectrometer, with signals of the solvent used as an
internal standard (DMSO-d,, 2.5 ppm). Chemical shifts
were assigned using the DQCOSY experiments (proton
chemical shift correlation with double quantum filtra-
tion) and on the basis of the data obtained for eremo-
mycin!214),

ES mass spectra were obtained on a Finnigan TSQ
700 instrument equipped with a Finnigan Electrospray
ion source and an API III+ triple quadrupole mass
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spectrometer (PE-Sciex, Thornhill, ON, Canada) equip-

ped with an articulated ion spray interface using the
conditions described earlier’-*%,

Antibacterial activity was performed in Lepetit
Research Center, Gerenzano (Varese), Italy. Methods of
determination of antibacterial activity in vitro and the
bacterial strains used were described in a previous

paper!'®.

Carboxyeremomycin (2)

A solution of 3,000 mg (1.8 mmol) of 1 was incubated
in 60 ml of a saturated aqueous Ba(OH), solution at
37°C for 4 hours. The reaction mixture was then adjusted
to pH 4 with 6N H,SO, and kept at 0°C for 12 hours.
The resulting suspension was centrifuged; the solution
was concentrated in vacuo to final volume of ~20 ml and
loaded on a CM-32-cellulose column (3.5x35cm)
preequilibrated with 0.05M AcONH, - EtOH 9: 1 (pH 7),
which was developed with a linear gradient of AcONH,
(0.02 to 0.2m, pH 7, 10ml fractions). The fractions
containing 2 were pooled, acidified with 6N H,SO, to
pH 2, and passed through a column (2x10cm) of
CDW-3 (H") resin with 0.25x NH,OH as eluent. The
cluates were concentrated under reduced pressure to a
final volume of 10ml to give, after storing at-0°C for 12
hours, a precipitate, which was collected, rinsed with
water, and EtOH and dried in vacuo. Yield of 2 was
720 mg, 33%. Additionally, 900 mg (33%) of starting 1
was regenerated.

Carboxyeremomycin bis-Methylamide (3a)

32 mg (0.06 mmol) of PyBOP was added portion-wise
during 1 hour to a stirred solution of 31 mg (0.02 mmol)
of 2, 0.1 ml N-methylmorpholine and 47 mg CH;NH,-
HCI (1.00 mmol) in 1 ml DMSO. The reaction mixture
was stirred at room temperature for 3 hours. The addition
of ether (~ 15 ml) gave an oily residue, which was washed
with ether (15 ml x 2) and acetone (~ 15ml) and acidified
to pH 5 with 0.05 HCl. After addition of 15 ml of acetone
a precipitate of 3a (25mg, 75%) was obtained.

Carboxyeremomycin bis-Benzylamide (3b)

Carboxyeremomycin bis-benzylamide (3b) was ob-
tained as a precipitate (23mg, 63%) from 31mg
(0.02 mmol) of 2, and 0.02 m! (0.2 mmol) of benzylamine
in 1 ml DMSO and 32mg (0.06 mmol) of PyBOP.

Carboxyeremomycin bis-3-(N,N-Dimethylamino)pro-

pylamide (3c)
Carboxyeremomycin bis~3—(N,N—dimethylamino)pro-
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pylamide (3¢) was obtained as a precipitate (23 mg, 65%)
from 31 mg (0.02mmol) of 2, 0.05ml N-methylmorpho-
line and 86 mg (0.5 mmol) 3-(N,N-dimethylamino)prop-
ylamine dihydrochloride, and 32mg (0.06 mmol) of
PyBOP.

Eremomycin 3-(,N-Dimethylamino)propylamide (4c)

Eremomycin 3-(N,N-dimethylamino)propylamide (4¢)
was obtained by the method described for eremomycin
monoamides!® in the 22% yield.
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