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Four macrolides—6-O-methyl-8a-aza-8a-homoerythromycin, clarithromycin, azithromycin and azithro-
mycin 11,12-cyclic carbonate, have been selected for the construction of a series of new quinolone deriv-
atives. The quinolone moiety is connected to the macrolide scaffold via a diaminoaklyl 400-O-propionyl
ester chain of varying length. At the terminus the linker is attached via one of the nitrogen atoms in
the linker at C(6) or C(7) of the quinolone. Many of compounds described, particularly clarithromycin
derivative 37, and azithromycin derivatives 48 and 55, exhibited excellent antibacterial activity against
a wide range of clinically relevant macrolide-resistant organisms, with profiles superior to that of teli-
thromycin, an enhanced spectrum ketolide.

� 2010 Elsevier Ltd. All rights reserved.
1. Introduction

The successful clinical use of macrolide antibiotics started in
1952 with the introduction of erythromycin A for the treatment of
infections caused by Gram-positive cocci. Despite its numerous lim-
itations (i.e., poor oral bioavailability, short half-life, acidic instabil-
ity, gastrointestinal side effects) erythromycin is still utilized in
general practice.1 Second generation macrolide antibiotics, such as
azithromycin and clarithromycin, overcome these issues and be-
cause of their superior antibacterial spectrum, pharmacokinetic
properties and fewer side effects became widely prescribed, mainly
for the treatment of upper and lower respiratory tract infections.1

However, as with all antibacterial agents continuous use of
macrolides has greatly increased the number of infections caused
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by macrolide-resistant bacteria.2,3 Such impaired efficacy of avail-
able antibiotics requires a constant effort to discover and develop
new agents with an improved spectrum of activity.

It is a well established concept4–6 that chemical modifications of
the macrolide scaffold can lead to improved antibacterial activity
against macrolide-resistant organisms. Erythromycin, clarithromy-
cin and azithromycin are the most extensively explored macrolides
in the search for new classes of broad spectrum antibacterial
agents.7,8 In the past we have performed chemical modification of
macrolides first by varying substituents at 9a-N-position of the
azithromycin scaffold,9 and then by modifying 8a-lactam at C(3)–
OH10 and C(400)–OH positions.11 Our recent communication reported
on synthesis and antibacterial activities of the first macrolide com-
pounds with 400-O-(3-amino)propionyl unit as a part of the linker
tethering the second structural unit.12 This position was lately ex-
plored by other groups as well and they have shown that introducing
carbamate functionality on position 400 of azithromycin lead to im-
proved in vitro antibacterial activity against resistant Streptococcus
pneumoniae.13,14

Initially, we have observed that introduction of specific (het-
ero)aromatic units at the terminal position of the linker extends
the antibacterial spectrum,12 and in this paper we report on

http://dx.doi.org/10.1016/j.bmc.2010.06.049
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exploration of novel 6-O-methyl-8a-aza-8a-homoerythromycin,
clarithromycin, azithromycin and azithromycin 11,12-carbonate
derivatives with quinolone-3-carboxylic acid moiety. A linker
containing two nitrogen atoms was selected, the central one at b-po-
sition to the 400-ester group, and the terminal one binding quinolone -
3-carboxylic acid moiety at C(6) or C(7) position. Linkers of various
lengths were selected, most of them with 2 carbon atoms between
central and terminal nitrogen but also longer linkers containing 3
and 4 carbon atoms were explored.

2. Results and discussion

2.1. Chemistry

The synthesis of novel macrolide-quinolone derivatives is out-
lined in Scheme 1.

Clarithromycin and azithromycin, used for the preparation of
starting molecules 2 and 3 in Scheme 1, are commercially available,
whereas 8a-lactam 115 and 11,12-carbonate of azithromycin 416

were prepared by modified reported procedures. Preparation of
the 400-O-propenoyl esters 5–8 could be achieved using a previously
described procedure.17 Subsequent Michael reaction and removal of
the 20-O-acetyl protecting group was the route used to prepare com-
pounds 30–35.18 Alternatively the 20-O-acetyl protection can be re-
moved prior to Michael addition and this route afforded target
compounds 22–29 and 36–53. Synthesis of the quinolone units 9–
13, and 20, present in clarithromycin derivatives 30–35, was
achieved by heating of the appropriately substituted mono or diha-
lo-heterocycle with excess of diamine or the mono N-t-butoxycar-
bonyl diamine, followed by a separation of the formed regioi
somers. Other quinolone-3-carboxylic derivatives with a linker at
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Scheme 1. Reagents and conditions: (i) 3-chloropropanoyl chloride, TEA, DCM, rt, 20 h; (
29 and 36–53) or quinolone 9–13 and 20, DMSO, 100 �C, 8–24 h; MeOH, 50 �C, 20 h (fo
C(6)- or C(7)-position, were prepared either from commercially
available quinolone compounds, or from 2,4-dichloroacetophenone
according to the reported method.19,20

Azithromycin scaffold was linked to unsubstituted and C(7)-
chloro and C(6)-fluoro substituted quinolones via proper propyl
alkylamino chain. The nitrogen atom in the linker of the compounds
48, 49, 50 and 54 was methylated under the Eschweiler–Clark condi-
tions to give compounds 55–58 with complete site-selectivity
regarding two nitrogen atoms in the linker, Scheme 2. The same
methylation method was used to prepare 11,12-carbonate deriva-
tives 60–62. Dehalogenation of compounds 48 and 51–54 and 59,
respectively, was achieved by the catalytic hydrogenolysis,
Scheme 2.

In addition to methylation of the linker nitrogen, analogues 60–
62 described above, the formation of a C(11)–C(12)-cyclic carbon-
ate unit21 on azithromycin, derivatives 51–59, was used to offset
the hydrophilicity of this more polar scaffold.

Crude products 22–53 were purified either by column chroma-
tography eluting with dichloromethane containing an increasing
concentration of methanol/ammonium hydroxide mixture (9:0.5),
or by preparative LC using molecular mass detection. Desired struc-
tures of final compounds were confirmed by high resolution mass
spectroscopy (HRMS) and 1H and 13C NMR spectroscopy.

In the 13C NMR spectra of compounds 22–52 two methylene
signals at around 34 and 44 ppm appeared, while two signals at
around 128 and 131 ppm, corresponding to the precursors 5–8 ole-
finic carbon atoms disappeared. These signals correlated with the
proton signals at around 2.7, 2.6 and 3.0 ppm in the 1H–13C COSY
spectra. The hydrogenolytic cleavage of carbon–chlorine was indi-
cated by the presence of a new signal in the aromatic region
(around 7.3 ppm) of 1H NMR spectra for molecules 54 and 59 as
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Scheme 2. Reagents and conditions: (i) Pd/C, H2, 2 barr, 16 h; (ii) 36% CH2O/HCOOH, 65 �C, 48 h.
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also C(7)-dehalogenated compounds 58 and 62, N-methylated in
the linker. New signals in compounds 55–58 and 60–62 at around
2.3 ppm in 1H NMR spectra and around 43 ppm in 13C NMR spectra
provided evidence that the central nitrogen atom in the linker is
methylated.

Although C-6, C-7, and N-1 positions in the quinolone part of
target molecules should correctly be C-6000, C-7000, and N-1000, the des-
ignations used in this article are C(6), C(7), and N(1) because of the
clearness.

2.2. Antibacterial activity

Antibacterial activity of all novel compounds was determined
by a standard broth microdilution method21 and the ensuing data
is expressed as minimum inhibitory concentrations (MICs) in units
of lg/mL. The organisms studied represent relevant Gram-positive
(S. pneumoniae, Streptococcus pyogenes and Staphylococcus aureus)
and Gram-negative (Haemophilus influenzae) respiratory tract
pathogens, and are either sensitive or resistant to macrolide antibi-
otics. Underlying resistant phenotypes are two major mecha-
nisms:production of efflux pumps (M), or ribosome modification
by methylation, where methylase expression is inducible (iMLS)
or constitutive (cMLS).

As expected all compounds showed MIC 60.125 lg/mL against
erythromycin sensitive S. pneumoniae and S. pyogenes.

In our previous communication12 we reported on excellent anti-
bacterial activity of 400-O-quinolone derivative of 6-O-methyl-8a-
aza-8a-homoerythromycin, 22. Compound 23, 6-linked analogue
with chlorine atom at C(7) position, had similar potency. In order
to further investigate the importance of linker length and nature
of quinolone moiety for antibacterial activity, we have synthesised
a series of 8a-aza-8a-homoerythromycin derivatives without a hal-
ogen atom, bearing a methyl, ethyl or cyclopropyl groups at the po-
sition N(1) of quinolone unit, with linker lengths of 7 or 9 atoms
(Table 1). Linker elongation proved to be detrimental for overall
antibacterial potency. In compounds with shorter linkers, defluoro
derivative 25 with ethyl group attached to the N(1) position retains
acceptable, though somewhat inferior potency on efflux resistant
Gram-positive organisms compared to 22, while a decrease in
activity is more pronounced for methyl compound 24. Conversely,
absence of fluorine atom in N(1)-cyclopropyl compound 26 is det-
rimental for the potency, especially against organisms with macro-
lide resistance due to ribosome methylation.

Additionally, we have explored a 14-membered macrolide
scaffold, clarithromycin. Data in Table 2 shows that clarithromy-
cin quinolone derivatives generally possess enhanced antibacte-
rial potency compared to clarithromycin. Within this series a
number of SAR trends were identified. Of particular relevance
are the nature of both the linker and the quinolone moiety. The
position of attachment of the linker to the quinolone unit also
has an influence on potency such that C(6)-substituted compound
32 has improved activity against H. influenzae compared with
C(7)-substituted compound 30 (MIC of 2 and 8 lg/mL, respec-
tively). A discernible trend in the linker length is also observed
such that analogues 34, 31 and 41, containing 8 and 9 atoms in
the linker, have lower S. aureus and H. influenzae potency than
7-atom derivative 30. There is also a particularly marked drop
in potency against the constitutively resistant S. pneumoniae and
S. pyogenes for the compounds containing longer linkers (i.e., cMLS
S. pyogenes MIC drops from 0.5 lg/mL for 7-atom linker derivative
30 and 2 lg/mL for 8-atom linker derivative 34 to 8 lg/mL for 9-
atom linker compound 31).

Slight difference in the potency of clarithromycin derivatives
with minor changes to the quinolone N(1)-substituent is present
(36–38), ethyl analogue 37 being the most active. The same anal-
ogy was also noticed on 8a-lactam derivatives.

Conversion of the acid 32 to the methyl ester 35 appears to re-
tain good potency against all organisms except for M and iMLS S.
aureus strains.

The next two series of targeted compounds comprise the
15-membered azithromycin and azithromycin 11,12-carbonate
scaffold. Regarding azithromycin (Table 3), dehalogenation of
the quinolone unit was not as detrimental to potency as in 8a-
aza-8a-homoerythromycin series, and antibacterial activity of
compounds with ethylene linker 42–44 was excellent. In contrast
to 8a-lactam derivative 26, the cyclopropyl compound 44 was
very active against bacterial isolates exhibiting resistance due to
ribosomal methylation. Analogues having a halogen atom, linked
at positions either C(6) and C(7) are both antibacterially active,
but the C(7)-chloro compound, 48, was more potent against bac-
teria with macrolide resistance due to ribosome methylation. On
azithromycin scaffold, methylation of the central nitrogen atom
in the linker did not significantly impair potency of both C(6)-
linked derivatives (57 vs 50, 55 vs 48 and 58 vs 54), and C(7)-
linked compounds (56 vs 49). In contrast, methylation on azithro-
mycin 11,12-carbonate scaffold reduced potency regardless of
quinolone attachment position (60–62, Table 4). Esterification of
quinolone acid significantly decreased potency of compounds
against both M and iMLS S. aureus, and H. influenzae as well (es-
ters 50 and 57 vs acids 48 and 55). In contrast to C(7)-fluorine
derivative on azithromycin scaffold 49, analogue on azithromycin
11,12-carbonate 52 had high overall potency, most significant dif-
ference was observed against cMLS S. pyogenes (MIC of 2 and
<0.125 lg/mL, respectively).



Table 1
Antibacterial activity of 8a-aza-8a-homoerythromycin derivatives, given as minimum inhibitory concentration (MIC) in units of lg/mL
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49247
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O

Cl

CO2H

0.5 60.125 60.125 1 60.125 60.125 60.125 60.125 2
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N
N
H

N
H

O
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4 1 2 32 1 60.125 1 0.5 16
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N
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O
CO2H

2 0.25 0.5 8 60.125 60.125 60.125 60.125 16

26
N

N
H

N
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O
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64 60.125 60.125 64 64 1 32 32 8
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H

O
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N
H 8 2 8 >32 8 2 16 32 >32

29
NN

H

O
CO2H

N
H 4 0.25 60.125 >64 8 0.25 8 16 16

AZM = azithromycin; TEL = telithromycin; iMLS = inducible resistance to macrolide, licosamide and streptogramin (MLS) antibiotics; iMcLS = inducible resistance to mac-
rolide and constitutive resistance to lincosamide antibiotics; cMLS = constitutive MLS resistance; M = efflux mediated macrolide resistance.
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3. Conclusion

A series of 400-O-(x-quinolylamino-alkylamino)propionyl deriv-
atives of macrolides have been prepared by combining several
14- and 15-membered macrolide scaffolds, quinolone unit and lin-
ker binding quionolone part via ester bond to the 400-position of se-
lected macrolides.
Optimal linker length in macrolide-quinolone derivatives was 2
carbon atoms between central and terminal nitrogen atoms, as
elongation (i.e., 3 and 4 C-atoms) was detrimental to the antibacte-
rial potency across all explored scaffolds.

The halogenated analogues showed enhanced overall potency in
comparison to corresponding des-halogenated derivatives, regard-
less of the scaffold.



Table 2
Antibacterial activity of clarithromycin derivatives, given as minimum inhibitory concentration (MIC) in units of lg/mL

OH

O

NMe2

O

O

R1

O O

OMe

OO

O

OH
OH

O

OMe

Organism and strain

S.
aureus
PK1

S.
pneumoniae
Ci137

S. pyogenes
2 Finland

S.
aureus
90256

S.
pneumoniae
134 GR M

S. pyogenes
Finland 11

S.
pneumoniae
58 Spain

S.
pyogenes
166 GR-
Micro

H.
influenzae
ATCC
49247

Phenotype M M M iMLS iMcLS iMLS cMLS cMLS

No. R1

CAM — >64 4 4 >64 >64 1 >16 >16 8
TEL — 60.125 0.25 0.5 60.125 0.25 0.06 0.25 16 2

30
NN

H

F
O

N
H

CO2H

0.5 60.125 60.125 4 0.25 60.125 60.125 0.5 8

31 N
H

NN
H

F
O

CO2H

2 60.125 60.125 >64 2 60.125 8 8 2

32

N
H

N
H

N

O
CO2H

Cl
0.5 60.125 60.125 4 60.125 60.125 60.125 60.125 2

33

N
H

N
H

N

O
CO2H

8 60.125 60.125 4 60.125 60.125 60.125 60.125 1

34
NN

H

F
O

CO2H

N
H

1 60.125 60.125 64 2 60.125 0.25 2 8

35

N
H

N
H

N

O

Cl

CO2Me

16 60.125 60.125 >64 60.125 60.125 60.125 0.125 2

36

N
N
H

N
H

O
CO2H

1 60.125 1 4 60.125 60.125 60.125 60.125 8

37
N

N
H

N
H

O
CO2H

0.5 60.125 60.125 1 60.125 60.125 60.125 60.125 2

38
N

N
H

N
H

O
CO2H

8 60.125 60.125 8 60.125 60.125 60.125 60.125 2
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(continued on next page)
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Table 2 (continued)
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aureus
PK1
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Ci137
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2 Finland
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134 GR M

S. pyogenes
Finland 11

S.
pneumoniae
58 Spain

S.
pyogenes
166 GR-
Micro

H.
influenzae
ATCC
49247

Phenotype M M M iMLS iMcLS iMLS cMLS cMLS

No. R1

40
NN

H

O
CO2H

N
H 2 1 60.125 32 2 0.25 4 16 >32

41
NN

H

O
CO2H

N
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CAM = clarithromycin; TEL = telithromycin; iMLS = inducible resistance to macrolide, licosamide and streptogramin (MLS) antibiotics; iMcLS = inducible resistance to mac-
rolide and constitutive resistance to lincosamide antibiotics; cMLS = constitutive MLS resistance; M = efflux mediated macrolide resistance.
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Analogues derived from the azithromycin scaffold resulted with
the most favourable antibacterial spectrum, of which compounds
48 (C(6)-linked C(7)-chloro derivative) and 55 (C(6)-linked C(7)-
chloro compound with methylated central nitrogen in the linker)
were the most potent, giving full coverage of resistant organisms
regardless of underlying resistance mechanisms as well as good po-
tency against H. influenzae (MIC of 1 lg/mL). This provides a clear
advantage over currently used macrolide antibiotics (i.e., azithro-
mycin and clarithromycin) as well as the ketolide telithromycin that
is not active against constitutively resistant S. pyogenes. However,
compared to our compounds, telithromycin showed higher potency
against S. aureus isolates. Enhancement of lipophilicity by methyla-
tion of the central nitrogen atom in the linker and by introduction of
cyclic carbonate unit at C(11)–C(12) positions of azithromycin did
not diminish antimicrobial potency of the compounds. As lipophilic-
ity affects pharmacokinetic properties of drugs, this may allow opti-
misation of the potential drug candidates.

4. Experimental

4.1. Chemistry

All commercial reagents (Merck, Sigma–Aldrich) were used as
provided unless otherwise indicated, and all solvents are of the hig-
hes purity unless otherwise noted. NMR spectra were recorded on a
Bruker Avance DRX500 or Bruker Avance DPX300 spectrometer in
CDCl3 or DMSO and chemical shifts are reported in ppm using TMS
as an internal standard. Mass spectra were obtained on a Waters
Micromass ZQmass spectrometer for ES+-MS. Electrospray positive
ion mass spectra were acquired using a Micromass Q-Tof2 hybrid
quadrupole time-of-flight mass spectrometer, equipped with a Z-
spray interface, over a mass range of 100–2000 Da, with a scan time
of 1.5 s and an interscan delay of 0.1 s in a continuum mode. Reser-
pine was used as the external mass calibrant lock mass
([M+H]+ = 609.2812 Da). The elemental composition was calculated
using a MassLynx v4.1 for the [M+H]+ and the mass error quoted
within ±5 ppm range. In synthetic procedures, column chromatogra-
phy was carried out over Merck Kieselgel 60 (230–400 mesh) or on
SPE cartridge with average size silica 50 lm. Thin layer chromatog-
raphy was performed on 0.24 mm silica gel plates Merck TLC
60F254. The eluent used was indicated and solvent ratios refer to
volume. In general, organic solutions were dried with anhydrous
Na2SO4 or K2CO3, evaporation and concentration were carried out
under reduced pressure below 40 �C, unless otherwise noted. All
compounds were isolated as amorphous solid. The acronym DCM
is an abbreviation for dichloromethane.

4.1.1. General method for compounds 22–29 and 36–53
4.1.1.1. 400-O-[3-({2-[(3-Carboxy-7-chloro-1-cyclopropyl-1,4-di-
hydro-4-oxoquinolin-6-yl)amino]ethyl}amino)propanoyl]-6-O
-methyl-8a-aza-8a-homoerythromycin A (23). To a solution of
20-O-acetyl-6-O-methyl-400-O-propenoyl-8a-aza-8a-homoerythro-
mycin 5 (0.10 g, 0.12 mmol) in 2-PrOH (3 mL) 6-[(2-amino-
ethyl)amino]-7-chloro-1-cyclopropyl-1,4-dihydro-4-oxo-3-quino-
linecarboxylic acid 20 (0.078 g, 0.24 mmol) was added and stirred
at 75 �C for 72 h. The reaction mixture was filtered from remaining
quinolone. The mother liquor was evaporated to dryness and the
residue dissolved in EtOAc (2 mL) followed by addition of n-hexane
(10 mL). The resulting suspension was filtered and the crude prod-
uct was purified by column chromatography on SPE cartridge [1 g
flash silica] using a gradient method starting with 100% DCM and
finishing with a system DCM/MeOH/aq NH4OH = 90:9:0.5. The
appropriate fractions were combined and evaporated to dryness
yielding 0.053 g (yield 39%) of compound 23 as white solid; IR
(KBr, cm�1): 3408, 3093, 2975, 2937, 2833, 1729, 1640, 1609,
1547, 1509, 1462, 1379, 1354, 1275, 1172, 1111, 1090, 1049,
1015, 962, 901, 871, 836, 806, 639; 1H NMR (500 MHz, CDCl3) d:
8.72 (s, 1H), 8.04 (s, 1H), 7.52 (s, 1H), 5.69 (s, CONH), 5.28 (t,
NH), 5.08 (d, 1H), 4.94 (dd, 1H), 4.70 (d, 1H), 4.50 (d, 1H), 4.37
(m, 1H), 4.18 (k, 1H), 3.98 (d, 1H), 3.71 (m, 1H), 3.67 (d, 1H),
3.57 (m, 1H), 3.51 (s, 1H), 3.38 (k, 2H), 3.31 (s, 3H), 3.18 (m, 1H),
3.16 (s, 3H), 3.02 (t, 2H), 2.98 (k, 2H), 2.78 (m, 1H), 2.67 (t, 1H),
2.65 (t, 1H), 2.56 (m, 1H), 2.40 (d, 1H), 2.32 (s, 6H), 2.29 (m, 1H),
1.93 (m, 1H), 1.94 (m.1H), 1.70 (d, 1H).1.63 (dd, 1H), 1.57 (d,
1H), 1.46 (m, 1H), 1.40 (m, 2H), 1.36 (s, 3H), 1.24 (m, 1H), 1.21
(d, 3H), 1.19 (d, 3H), 1.18 (d, 3H), 1.14 (d, 3H), 1.13 (s, 2 � 3H),



Table 3
Antibacterial activity azithromycin derivatives, given as minimum inhibitory concentration (MIC) in units of lg/mL
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OMe
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S.
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pneumoniae
Ci137
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pyogenes
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aureus
90256

S.
pneumoniae
134 GR M

S.
pyogenes
Finland
11
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pneumoniae
58 Spain

S.
pyogenes 166
GR-
Micro

H.
influenzae
ATCC
49247

Phenotype M M M iMLS iMcLS iMLS cMLS cMLS

No. R1

AZM — >64 8 8 >64 >64 16 >64 >64 1
TEL — 60.125 0.25 0.5 60.125 0.25 0.06 0.25 16 2

42

N
N
H

N
H

O
CO2H

2 60.125 60.125 4 60.125 60.125 60.125 60.125 8

43
N

N
H

N
H

O
CO2H

2 60.125 60.125 4 60.125 60.125 60.125 60.125 4

44
N

N
H

N
H

O
CO2H

1 60.125 60.125 2 60.125 60.125 60.125 60.125 4

45

NN
H

O
CO2H

N
H 8 2 4 >64 32 0.5 32 8 16

46
NN

H

O
CO2H

N
H 4 1 8 >32 8 0.5 2 8 >32

47
NN

H

O
CO2H

N
H 2 0.5 1 8 8 60.125 4 4 8

48

N
H

N
H

N

O
CO2H

Cl
0.25 60.125 60.125 0.5 60.125 60.125 60.125 60.125 1

49
NN

H

F
O

N
H

CO2H

0.5 0.25 1 0.5 1 60.125 0.25 2 2

50

N
H

N
H

N

O

Cl

CO2Me

8 60.125 60.125 >64 60.125 60.125 60.125 60.125 8

54

N
H

N
H

N

O
CO2H

1 60.125 60.125 1 60.125 60.125 60.125 60.125 4

(continued on next page)
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Table 3 (continued)
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Organism and strain

S.
aureus
PK1

S.
pneumoniae
Ci137

S.
pyogenes
2
Finland

S.
aureus
90256

S.
pneumoniae
134 GR M

S.
pyogenes
Finland
11

S.
pneumoniae
58 Spain

S.
pyogenes 166
GR-
Micro

H.
influenzae
ATCC
49247

Phenotype M M M iMLS iMcLS iMLS cMLS cMLS

No. R1

55

N
H

N

N

O
CO2H

Cl
Me 0.5 60.125 60.125 0.5 60.125 60.125 60.125 60.125 1

56
NN

H

F
O

N

CO2HMe
1 60.125 60.125 2 0.25 60.125 0.25 2 4

57

N
H

N

N

O

Cl

CO2Me

Me 16 60.125 60.125 >64 0.5 60.125 0.5 1 8

58

N
H

N

N

O
CO2H

Me 1 60.125 0.5 1 0.25 60.125 60.125 60.125 4

AZM = azithromycin; TEL = telithromycin; iMLS = inducible resistance to macrolide, licosamide and streptogramin (MLS) antibiotics; iMcLS = inducible resistance to mac-
rolide and constitutive resistance to lincosamide antibiotics; cMLS = constitutive MLS resistance; M = efflux mediated macrolide resistance.
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1.12 (d, 3H), 1.07 (d, 3H), 0.89 (t, 3H); 13C NMR (125 MHz, CDCl3) d:
177.43, 177.21, 174.21, 172.18, 167.27, 145.74, 143.02, 132.43,
127.51, 126.19, 117.92, 107.46, 104.39, 102.50, 95.23, 79.95,
78.82, 78.73, 77.26, 77.01, 74.16, 72.84, 70.76 70.30, 68.03, 65.30,
62.76, 51.75, 49.41, 47.45, 45.42, 44.37, 42.89, 42.76, 42.23,
40.86, 40.26, 35.28, 34.98, 34.61, 28.98, 23.78, 21.64, 21.54,
21.21, 21.11, 17.88, 16.05, 14.91, 11.08, 9.51, 9.26, 8.02; MS (ESI)
m/z calcd for C58H88ClN5O17 [M+H]+ 1138.5942; found 1138.5927.

4.1.2. General method for compounds 30–35
4.1.2.1. 400-O-[3-({2-[(3-Carboxy-7-chloro-1-cyclopropyl-1,4-dihy-
dro-4-oxoquinolin-6-yl)amino]ethyl}amino)propanoyl]-6-O-met-
hylerythromycin A (32). To a solution of hydrochloride salt of 6-[(2-
aminoethyl)amino]-7-chloro-1-cyclopropyl-4-oxo-1,4-dihydro-3-
quinolinecarboxylic acid 20 (0.05 g) in dry DMSO (1 mL) di-i-isopro-
pylethylamine (0.02 mL) was added and the mixture was stirred at
room temperature for 1 h. The resulting mixture was added to a
solution of 20-O-acetyl-6-O-methyl-400-propenyl-erythromycin A 6
(0.05 g) in dry DMSO (1 mL) and heated at 80 �C for 12 h. The reac-
tion mixture was cooled to room temperature, diluted with DCM
(10 mL), washed with water (3� 10 mL), dried and the solvent
was evaporated to dryness. The crude product was dissolved in
MeOH (0.5 mL) and the solution was stirred at 40 �C for 12 h. The
solvent was evaporated, the residue dissolved in DCM (0.1 mL) and
treated with diethyl ether (0.5 mL), The resulting suspension was fil-
tered yielding 0.023 mg (yield 60%) of compound 32 as white solid;
IR (KBr, cm�1): 3435, 2974, 2939, 2882, 2833, 1734, 1689, 1610,
1546, 1500, 1462, 1380, 1354, 1299, 1171, 1111, 1074, 1050, 1014,
935, 903, 824, 789, 734, 694, 636; 1H NMR (500 MHz, CDCl3) d:
8.73 (s, 1H), 8.03 (s, 1H), 7.54 (s, 1H), 5.05 (dd, 1H), 4.97 (d, 1H),
4.67 (d, 1H), 4.55 (d, 1H), 4.28 (m, 1H), 3.78 (d, 1H), 3.75 (s.1H),
3.71 (m, 1H), 3.64 (m, 1H + 1H), 3.30 (s, 3H + 2H), 3.18 (m, 1H),
3.03 (s, 3H), 3.00 (m, 1H), 2.91 (m, 2H + 2H), 2.58 (m, 2H), 2.54 (m,
1H), 2.52 (m, 1H), 2.41 (d, 1H), 2.28 (s, 6H), 1.94 (m, 1H), 1.92 (m,
1H), 1.84 (d, 1H), 1.70 (d, 1H), 1.66 (d, 1H), 1.64 (dd, 1H), 1.47 (m,
1H), 1.37 (s, 3H), 1.20 (d, 3H), 1.18 (d, 3H), 1.14–1.12 (m, 6� 3H),
0.84 (t, 3H); 13C NMR (75 MHz, CDCl3) d: 221.01, 177.65, 175.76,
172.29, 145.99, 141.09, 132.03, 127.46, 124.47, 117.20, 107.43,
104.56, 102.14, 95.96, 80.29, 78.73, 78.28, 78.07, 77.19, 74.23,
72.63, 71.06, 69.09, 68.31, 65.16, 62.94, 50.58, 49.49, 47.79, 45.31,
44.84, 44.53, 42.79, 40.25, 39.18, 38.85, 37.18, 35.17, 34.72, 38.82,
28.80, 21.86, 21.14, 21.00, 19.67, 18.37, 17.98, 15.90, 12.31, 10.57,
9.04, 7.78; MS (ESI) m/z calcd for C56H87ClN4O17 [M+H]+

1123.5833; found 1123.5854.

4.1.3. General method for Eschweiler–Clark methylation
4.1.3.1. 400-O-[3-({2-[(3-Carboxy-7-chloro-1-cyclopropyl-1,4-dihydro-
4-oxoquinolin-6-yl)amino]ethyl}methylamino)propanoyl]-azith-
romycin (55). To a solution of compound 48 (0.15 g, 0.13 mmol) in
CHCl3 (5 mL) 36% aqueous solution of HCHO (0.021 mL, 0.27 mmol)
and HCOOH (0.018 mL, 0.47 mmol) were added and the reaction mix-
ture was stirred at 65 �C for 2 days. To the reaction mixture water
(10 mL) was added and the reaction mixture was extracted at pH 9 with
DCM (2� 10 mL). The combined organic extracts were concentrated to



Table 4
Antibacterial activity of azithromycin 11,12-carbonate derivatives, given as minimum inhibitory concentration (MIC) in units of lg/mL
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TEL — 60.125 0.25 0.5 60.125 0.25 0.06 0.25 16 2
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N
H

N
H

N

O
CO2H

Cl
0.5 60.125 60.125 1 60.125 60.125 60.125 60.125 2

52
NN

H

F
O

N
H

CO2H

0.25 60.125 60.125 1 60.125 60.125 60.125 60.125 2

53
NN

H

O

N
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CO2H

2 60.125 60.125 16 0.25 60.125 60.125 0.25 8

59

N
H

N
H

N

O
CO2H

1 60.125 0.25 2 0.25 60.125 0.25 60.125 2

60

N
H

N

N

O
CO2H

ClMe 1 60.125 60.125 2 2 60.125 1 1 4

61
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H

F
O

N

CO2HMe
2 60.125 60.125 4 2 60.125 1 16 8
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N
H

N

N

O
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AZM = azithromycin; TEL = telithromycin; iMLS = inducible resistance to macrolide, licosamide and streptogramin (MLS) antibiotics; iMcLS = inducible resistance to mac-
rolide and constitutive resistance to lincosamide antibiotics; cMLS = constitutive MLS resistance; M = efflux mediated macrolide resistance.
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dryness. The residue was dissolved in EtOAc (3 mL) and treated with n-
hexane (15 mL). The resulting suspension was filtered yielding 110 mg
(yield 73%) of compound 55 as white solid; IR (KBr, cm�1): 3404,
2974, 2937, 1724, 1609, 1545, 1477, 1379, 1347, 1174, 1110, 1043,
1015, 960, 900, 819, 643; 1H NMR (500 MHz, CDCl3) d: 8.70 (s, 1H),
8.03 (s, 1H), 7.59 (s, 1H), 5.26 (t, NH), 5.25 (d, 1H), 4.74 (d, 1H + 1H),
4.54 (d, 1H), 4.45 (m, 1H), 4.23 (s, 1H), 3.77 (m, 1H), 3.60 (s, 1H), 3.58
(d, 1H), 3.56 (m, 1H), 3.35 (t, 2H), 3.32 (s, 3H), 3.29 (m, 1H), 2.81 (m,
2H), 2.76 (m, 2H), 2.71 (m, 1H), 2.63 (m, 1H), 2.61 (m, 1H), 2.58 (m,
1H), 2.51 (m, 2H), 2.43 (d, 1H), 2.33 (s, 6H), 2.32 (s, 3H), 2.06 (t, 1H),
2.03 (m, 1H), 1.94 (m, 1H), 1.92 (m, 1H), 1.74 (d, 1H), 1.68 (d, 1H),
1.63 (dd, 1H), 1.46 (m, 1H), 1.43 (m, 2H), 1.28 (s, 3H), 1.27 (m, 1H),
1.20 (m, 2H), 1.19 (d, 3H), 1.17 (d, 3H), 1.16 (d, 3H), 1.14 (s, 3H), 1.12
(s, 3H), 1.08 (d, 3H), 1.05 (d, 3H), 0.93 (d, 3H), 0.89 (t, 3H); 13C NMR
(75 MHz, CDCl3) d: 178.96, 177.51, 172.36, 167.30, 145.81, 143.11,
132.54, 127.66, 126.36, 118.02, 107.63, 104.49, 102.03, 94.58, 83.09,
78.92, 77.66, 74.27, 73.66, 73.44, 72.91, 70.91, 70.08, 67.74, 65.54,
62.97, 62.60, 55.43, 52.61, 49.50, 45.26, 42.35, 42.11, 40.63, 40.24,
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36.13, 35.30, 34.95, 32.83, 29.22, 27.55, 26.74, 21.95, 21.82, 21.38, 21.35,
17.78, 16.27, 14.49, 11.21, 8.94, 8.09, 7.26; MS (ESI) m/z calcd for
C57H92ClN5O16 [M+H]+ 1139.0112; found 1139.0124.

4.1.4. General method for catalytic dehalogenation
4.1.4.1. 400-O-[3-({2-[(3-Carboxy-1-cyclopropyl-1,4-dihydro-4-oxo-
quinolin-6-yl)amino]ethyl}amino)propanoyl]-azithromycin
(54). To a solution of compound 48 (0.30 g, 0.27 mmol) in MeOH
(30 mL) 10% Pd/C (0.01 g) was added and the reaction mixture was
hydrogenated at 2 bars pressure for 16 h at rt. The catalyst was fil-
tered off, washed with MeOH and the mother liquor concentrated
to dryness. To the reaction mixture water (10 mL) was added and
the reaction mixture was extracted at pH 9 with DCM (2� 10 mL).
The combined organic extracts were concentrated to dryness. The
residue was dissolved in EtOAc (5 mL) and treated with n-hexane
(20 mL). The resulting suspension was filtered yielding 240 mg
(Y = 82%) compound 54 as white solid; IR (KBr, cm�1): 3425, 2972,
2937, 1723, 1610, 1546, 1479, 1462, 1380, 1345, 1255, 1175, 1110,
1076, 1042, 1016, 959, 901, 822; 1H NMR (500 MHz, CDCl3) d: 8.70
(s, 1H), 7.91 (d, 1H), 7.35 (d, 1H), 7.27 (d, 1H), 5.17 (dd, H), 4.74 (d,
1H), 4.70 (d, 1H), 4.60 (m, 1H), 4.37 (m, 1H), 4.24 (d, 1H), 3.84 (m,
1H), 3.69 (s, 1H), 3.65 (m, 1H), 3.60 (m, 1H), 3.48 (m, 2H), 3.40 (m,
1H), 3.30 (s, 3H), 3.12 (m, 2H), 3.10 (m, 2H), 2.98 (m, 1H), 2.75 (m,
1H + 1H), 2.63 (m, 3H + 1H), 2.60 (m, 2H), 2.41 (d, 1H), 2.35 (s, 3H),
2.13 (m, 1H), 2.04 (m, 1H), 2.00 (m, 1H), 1.98 (m, 1H), 1.91 (m, 1H),
1.72 (d, 1H), 1.64 (dd, 1H), 1.46 (m, 1H), 1.37 (m, 2H), 1.35 (m, 1H),
1.30 (s, 3H + 1H), 1.20 (d, 3H), 1.19 (d, 3H), 1.15 (d, 3H), 1.14 (d,
3H), 1.13 (s, 3H), 1.10 (s, 3H), 1.03 (d, 3H), 0.92 (d, 3H), 0.89 (t, 3H);
13C NMR (75 MHz, CDCl3) d: 178.69, 177.90, 172.01, 167.78, 147.05,
145.09, 133.30, 127.59, 122.40, 118.42, 107.38, 104.10, 102.11,
94.82, 83.61, 78.99, 78.00, 74.32, 73.69, 73.63, 73.09, 71.05, 70.04,
67.65, 65.24, 63.19, 62.81, 49.49, 47.63, 45.25, 44.22, 42.57, 42.29,
42.02, 40.56, 36.36, 35.42, 35.07, 34.12, 29.20, 27.47, 26.77, 22.01,
21.66, 21.45, 21.35, 17.87, 16.29, 14.66, 11.26, 9.28, 8.09, 7.51; MS
(ESI) m/zcalcd for C56H91N5O16 [M+H]+ 1090.6533; found 1090.6518.

4.2. Biological evaluation (or In vitro antibacterial activity
assays)

Minimum inhibitory concentrations (MICs) were determined by
the broth microdilution method according to guidelines of the
Clinical Laboratory Standards Institute,22 except that for Strepto-
coccus medium, lysed blood was substituted with 5% horse serum.
Double dilutions of tested compounds in 96-well microtitre plates
were prepared using TECAN Genesis 150. Bacteria were grown on
appropriate agar plates (by Becton Dickinson, USA)—Columbia agar
with 5% sheep blood for Streptococci, Mueller-Hinton chocolate
agar for H. influenzae and Mueller-Hinton agar for Staphylococci.
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2009, 62, 133.

12. Hutinec, A.; Ðerek, M.; Lazarevski, G.; Šunjić, V.; Čipčić Paljetak, H.; Alihodžić,
S.; Eraković Haber, V.; Dumić, M.; Mutak, S. Bioorg. Med. Chem. Lett. 2010, 20,
3244.

13. Ma, S.; Jiao, B.; Liu, Z.; Wang, H.; Xian, R.; Zheng, M.; Lou, H. Bioorg. Med. Chem.
Lett. 2009, 19, 1698.

14. Ma, S.; Ma, R.; Liu, Z.; Ma, C.; Shen, X. Eur. J. Med. Chem. 2009, 44, 4010.
15. (a) Waddel, S. T.; Santorelli, G. M.; Blizzard, T. A.; Graham, A.; Occi, J. Bioorg.

Med. Chem. Lett. 1998, 8, 1321; (b) Denis, A.; Augoridas, C. Bioorg. Med. Chem.
Lett. 1998, 8, 2427.
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