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Introduction

Macrolides are a well-known family of oral antibacter-
ial agents active against most relevant bacteria involved
in respiratory infections. However, all contemporary
macrolides are inactive against macrolide-lincosamide-
streptogramin B (MLS;)-resistant bacteria. Depending on
the country, more than 30% of Streptococcus pneumoni-
ae are nowadays resistant to macrolides, including clar-
ithromycin and azithromycin (1, 2). Because of the emer-
gence of penicillin-resistant strains, [(-lactams can no
longer be used as initial therapy. Although new
quinolones are more active against pneumococci, they
still remain contraindicated in pregnant women or young
children.

To overcome the spread of pneumococcal resistance,
a major new class of semisynthetic 14-membered-ring
macrolide derivatives, called ketolides, has been gener-
ated (3). Ketolides are characterized by a keto function at
position 3 of the macrolactone ring, replacing the L-cladi-
nose moiety, a neutral sugar long thought to be crucial for
antibacterial activity. Structural changes in ketolides
render them significantly different from macrolides. First,
they are active, with the exception of constitutively MLS-
resistant Staphylococcus aureus, against most of the ery-
thromycin A-resistant Gram-positive cocci expressing the
constitutive or inducible erm methylase gene and mef
efflux gene, including constitutively erythromycin A-resis-
tant and penicillin-resistant S. pneumoniae (4, 5). In addi-
tion, they do not induce MLS; resistance (6) and they do
not select any resistant mutants (7). Finally, they are very
stable in acidic medium (3).

Among ketolides, telithromycin (Ketek®) (5) from
Aventis is the most advanced compound, currently

approved in Europe and submitted for approval in the
USA. ABT-773 from Abbott is in phase Il (Fig. 1).
Telithromycin displays strong activity against multidrug-
resistant S. pneumoniae, staphylococci, streptococci,
Haemophilus influenzae, Moraxella catarrhalis, Bran-
hamella pertussis and intracellular respiratory pathogens,
such as Chlamydia pneumoniae and Legionella spp.
(8, 9).

In the search for new ketolides with improved activity,
halogen atoms were stereospecifically introduced into the
C-2 position, leading to the new group of fluoroketolides.
In this review, we describe the synthesis and antibacteri-
al activities of the fluoroketolides published or patented

\

ABT-773

Fig. 1. Ketolides in clinical development.
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HMR-3562-Aventis
2-Fluoro-11,12-cyclic carbamate ketolide

Ortho-McNeil/Kosan Biosciences
13-Propyl-2-fluoro-11,12-cyclic ketolide
3,X=H
4, X=F

Abbott
2-Fluoro-6-0-alkyl-11,12-cyclic carbamate ketolide

HMR-3787-Aventis
2-Fluoro-11,12-cyclic carbamate ketolide

CP-654743-Pfizer
2-Fluoro-9-oxime-11,12-cyclic hydrazonocarbamate ketolide

o
Abbott
2-Halogeno-9,11-aza-imino-tricyclic ketolide
TE-802, X =H

A-241550, X = F
A-229339, X = Cl
A-261599, X = Br

Fig. 2. 2-Halogeno ketolides.

since the first report of 2-fluorination in 1997 (10). The two
fluoroketolides HMR-3562 and HMR-3787, which are
both as active as telithromycin but show improved activi-
ty against streptococci and enterococci, will be
overviewed (Fig. 2).

Chemistry

Fluoroketolides such as HMR-3562 and HMR-3787
were synthesized from their corresponding ketolide as

starting material. Fluorination in C-2 was achieved in 3
steps, as shown in Scheme 1. First, quantitative silylation
of the 2’-alcohol with (TMS),NH/imidazole gave a pro-
tected intermediate that was reacted with t-BuOK and
N-fluorobenzenesulfonimide (NSFI) as fluorinating
reagent, to obtain after desilylation with Bu,N*F~ the
desired fluoroketolides HMR-3562 and HMR-3787 in 83%
and 56% yield, respectively. The stereochemistry of the
reaction was demonstrated by synthesizing HMR-3562
according to an alternative way starting from the fluo-
roenone 2 (Scheme 2). The starting enone 1 was first
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Scheme 1: Synthesis of HMR 3562 and HMR 3787
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fluorinated to give the corresponding 2-fluoroketolide in
69% vyield (11). This compound was then crystallized and
the absolute stereochemistry of C-2 determined. Finally,
after acetylation in 2’, 2 was reacted with carbonyldiimid-
azole and DBU in THF and the corresponding 4-[4-(3-
pyridyl)imidazolyl]lbutylamine added to generate HMR-
3562 in 67% vyield. As the two different synthetic
pathways yielded the same compound ['H NMR, espe-
cially 2-Me & (ppm) 1.79 (d, Jye= 21.5 Hz, 3H), and
melting point = 118 °C], the absolute S-configuration was
attributed to HMR-3562 (Scheme 2). This methodology
has been applied to the synthesis of several other 2-fluo-
ro-11,12-cyclic carbamate ketolides (12-16).

As shown in Scheme 3, the fluorination reaction was
also reported using NSFI and sodium hydride (10, 17-19),
or Selectifluor™ and KHMDS (20, 21).

Regarding the introduction of other halogen atoms in
the telithromycin series, a chlorine atom was easily intro-
duced by radical chlorination using N-chlorosuccinimide
with AIBN at 40 °C (11). RU-74234 was obtained in 38%
yield as a single isomer of unknown stereochemistry. In
the azaimino tricyclic ketolide series (17), chlorination
was reported with CI,CCCl, in the presence of sodium
carbonate in N-methylpyrrolidone (Scheme 4). Finally, in
the same series, a bromine atom was added by using
pyridine HBr, as electrophile (19).
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Scheme 2: Alternate Synthesis of HMR-3562 and Absolute Configuration of C-2

1) (TMS),NH / imidazole / THF

2) t-BUOK / NSFI/ THF / -10 °C
3) Bu,N*F/ THF

1) Ac,0/ CH,CI,
2) carbonyldiimidazole / DBU / RNH, / THF /. t.
3) MeOH

Scheme 3: Synthesis of 2-F-ABT-773 and CP-654743
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Scheme 4: Synthesis of 2-Chloro Ketolides
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Fluoroketolides: structure-activity relationships

In addition to the 3-keto function, the most important
features for in vitro and in vivo activities of ketolides are
the 11,12-cyclic carbamate moiety and the heteroaryl
side-chain, generally linked to the ketolide backbone by
the carbamate nitrogen or the 6-hydroxy. All these groups
are also present in different series synthesized by Abbott,
e.g., 6-O-substituted ketolides (22) and azaimino tricyclic
ketolides (23). With the exception of 2,3-anhydro deriva-
tives (24), very little was known about the relative impor-
tance of position 2 for the overall activity of ketolides. To
address this question, the chemical reactivity of the 1,3-
[B-keto-ester function of ketolides was exploited to modify
the C-2 position in the 11,12-cyclic carbamate series. This
approach has allowed us to introduce halogen atoms

such as chlorine and fluorine in position 2 and to demon-
strate that, within the ketolide class, position 2 tolerates
only a fluorine atom to retain good antibacterial activity.

2-Fluoro-11,12-cyclic carbamate ketolides
(telithromycin series)

In the 11,12-cyclic carbamate series, the replacement
of a C2-hydrogen atom with a fluorine gave two com-
pounds, HMR-3562 and HMR-3787, that demonstrated
very good activities against strains susceptible to ery-
thromycin A (25). Furthermore, they were effective
against inducibly erythromycin A-resistant S. aureus and
S. pneumoniae, as well as constitutively erythromycin
A-resistant S. pneumoniae. HMR-3562 and HMR-3787
were equal or superior to azithromycin and telithromycin
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Table I: In vitro activity of 2-halogeno ketolides in the 11,12-cyclic carbamate series (from ref. 11, 25, 26).
MIC (pg/ml)

S. aureus S. aureus S. aureus S. pyogenes S.pneumoniae S.pneumoniae S.pneumoniae S.pneumoniae H. influenzae
EryS EryRi EryRc EryS EryS EryRc EryRc EryRi B-lactamase +
011UC4 011GO25i 011B20 02A1UCH 032UC1 030PW23c 030SJ1 030SJ5i 351HT3
Azithromycin 0.3 >40 >40 0.6 0.15 >40 >40 >40 1.2
Clarithromycin 0.3 >40 >40 0.08 0.04 >40 >40 >40 5
Telithromycin 0.04 0.08 >40 0.02 0.02 0.04 0.02 0.02 1.2
HMR-3562 0.02 0.08 >40 0.02 0.02 0.02 0.02 0.02 1.2
RU-74234* 0.6 >40 >40 0.04 0.04 1.2 5 0.6 2.5
HMR-3787 0.04 0.08 >40 0.02 0.02 0.04 0.08 0.02 0.6

EryS: erythromycin A-susceptible; EryRc: erythromycin A constitutive MLS; resistance; EryRi: erythromycin A inducible MLS; resis-
tance. *see Scheme 4.

Table II: In vitro activity of C-13 propyl-2-fluoroketolides (from ref. 15).

MIC (pg/ml)
S. aureus E. faecalis S. pneumoniae E. coli H. influenzae
ATCC29213 ATCC29212 ATCC49619 0C2605 0C4883
3, X=H 0.25 0.12 0.03 4 4
4, X =F 0.12 0.03 0.015 2 0.25
Table Ill: In vitro activity of 2-fluoro-ABT-773 (from ref. 17).
MIC (pg/ml)
S. pyogenes S. pyogenes S. pneumoniae S. pneumoniae S. pneumoniae H influenzae
EryS EryRc EryRc EryS EryR DILL
EES61 930 5979 ATCC6303 5649 efflux AmpR
Erythromycin A 0.05 >100 >100 0.06 16 4
ABT-773 0.03 1 16 0.03 0.25 2
2-F-ABT-773 0.03 0.25 1 0.03 0.25 1

EryS: erythromycin A-susceptible; EryR: erythromycin A-resistant; EryRc: erythromycin A constitutive MLS; resistance.

against H. influenzae (Table I). In contrast, the 2-chloro
analog of telithromycin RU-74234 was clearly less active
than the parent compound, particularly against ery-
thromycin A-resistant S. pneumoniae. Due to their attrac-
tive profiles, the HMR compounds were further evaluated
in vitro and in vivo against several respiratory pathogens
(see below).

The rapid development of engineering of polyketide
synthase genes has recently allowed scientists at Kosan
Biosciences and Ortho-McNeil to obtain several new 13-
substituted ketolides such as 3 (15, 16). One of these
new derivatives was fluorinated to give the corresponding
13-propyl fluoroketolide 4. This fluorinated ketolide 4 was
slightly more active against Gram-positive bacteria but
demonstrated markedly improved activity against the
Gram-negative pathogen H. influenzae (Table ).

2-Fluoro-6-O-alkyl-11,12-cyclic carbamate ketolides
(ABT-773 series)

A recent patent describes the synthesis of several
6-0O-alkylketolides (17). Similar to the HMR-3562 series,

the introduction of a fluorine atom in position 2 of
ABT-773 resulted in improved activity against constitu-
tively erythromycin A-resistant S. pneumoniae and
S. pyogenes (Table 1l1).

2-Halogeno-9,11-azaimino tricyclic ketolides

In different series such as the 9,11-azaimino tricyclic
ketolides (17, 19), the beneficial effect of a fluorine atom
(A-241550) compared to a hydrogen (TE-802) was
also noted. A chlorine (A-229339) in position 2 was also
shown to be detrimental for antibacterial activity
(Table 1V).

2-Fluoro-11,12-cyclic hydrazonocarbamate ketolides

The 2-fluoro-11,12-hydrazonocarbamate analog of
telithromycin CP-654743 was recently described (20).
However, this fluoroketolide did not demonstrate any
significant improvement over telithromycin (Table V).
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Table IV: In vitro activity of 2-halogeno ketolides of the 9,11-azaimino tricyclic series (from ref. 19).

MIC (pg/ml)
S. aureus S. aureus S. aureus S. pyogenes S. pneumoniae  S. pneumoniae

EryS EryRi EryRc EryS EryS EryR

6538P A5177 A5278 EES641 ATCC6303 5649 efflux
Erythromycin A 0.2 3.1 >100 0.06 0.06 32
TE-802 0.2 0.2 >100 0.125 0.06 0.5
A-241550 0.1 0.1 >100 0.03 0.03 0.5
A-229339 25 25 >100 4 4 4

EryS: erythromycin A-susceptible; EryR: erythromycin A-resistant, EryRc: erythromycin A constitutive MLS; resistance; EryRi: ery-

thromycin A inducible MLS resistance.

Table V: In vitro activity of 2-fluoro-11,12-cyclic hydrazonocarbamate CP-654743 (from ref. 20).

MIC (ug/ml)
S. aureus  S. pyogenes S. pyogenes  S. pneumoniae S. pneumoniae S. pneumoniae  H. influenzae

EryS EryRc EryR EryS EryR EryRc 1116

1116 1079 1064 efflux 1016 5649 efflux 1095
Erythromycin A 0.2 >100 16 0.05 32 >100 4
Telithromycin 0.05 4 1 0.025 0.5 0.025 2
CP-654743 0.05 4 0.5 0.006 0.5 0.025 2
EryS: erythromycin A-susceptible; EryR: erythromycin A-resistant; EryRc: erythromycin A constitutive MLS; resistance.
Table VI: In vitro antibacterial activity of HMR-3787 and HMR-3562 (ug/ml; from ref. 26, 27).
Organisms (No. of isolates) Clarithromycin HMR-3787 HMR-3562
Staphylococcus aureus Ery (73)
Range 0.01-0.6 0.002-0.04 0.002-0.08
MIC,/MIC, 0.15/0.15 0.04/0.04 0.04/0.08
Staphylococcus aureus EryRi (50)
Range 1.2->40 0.01-0.15 0.04-0.6
MIC,/MIC,, >40/>40 0.04/0.08 0.08/0.15
Coagulase-negative Staphylococcus spp. EryS (30)
Range 0.01-0.3 0.01-0.08 0.01-0.08
MIC,/MIC,, 0.08/0.15 0.04/0.04 0.04/0.04
Coagulase-negative Staphylococcus spp. EryRi (16)
Range 1.2->40 0.01-0.3 0.02-0.3
MIC,/MIC,, 2.5/>40 0.04/0.08 0.08/0.3
Streptococcus pyogenes (Lancefield group A) (23)
Range 0.008-8 0.008-0.25 0.015-0.25
MIC,/MIC, 0.03/8 0.008/0.25 0.03/0.25
Viridans Streptococcus spp. (35)
Range 0.008->128 0.004-0.25 0.008-0.12
MIC,/MIC,, 1/>128 0.03/0.15 0.03/0.06
Haemophilus influenzae (90)
Range 0.08-10 0.04-1.2 0.15-2.5
MIC,/MIC,, 5/10 0.6/1.2 0.6/1.2
Moraxella catarrhalis (45)
Range 0.01-2.5 0.01-2.5 0.005-5
MIC,/MIC,, 0.08/0.15 0.04/0.08 0.08/0.08

EryS: erythromycin A-susceptible; EryRi: erythromycin A inducible MLS; resistance.

Fluoroketolides: biological evaluation of HMR-3562
and HMR-3787

Extended in vitro activity (Tables VI-IX)

HMR-3562 and HMR-3787 were shown to be 2-4
times more active than clarithromycin against staphylo-

cocci susceptible to erythromycin A. It is worth noting that
the MIC values of fluoroketolides against erythromycin
A-susceptible and inducibly erythromycin A-resistant
strains of S. aureus or coagulase-negative staphylococci
are very similar (11, 26, 27). No activity was observed
against constitutively erythromycin A-resistant staphylo-
cocci (Table 1). On the other hand, these two compounds
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Table VII: In vitro antipneumococcal activity of HMR-3787 and HMR-3562 (ug/ml; from ref. 26, 27).

Organisms (No. of isolates) Clarithromycin HMR-3787 HMR-3562
Streptococcus pneumoniae EryS (80)

Range <=0.002-0.6 0.002-0.02 0.002-0.02
MIC,/MIC, 0.01/0.08 0.005/0.01 0.002/0.005
Streptococcus pneumoniae EryR (103)

Range 0.3->40 0.01/0.08

0.002-1.2 0.002-0.15

MIC,/MIC,, >40/>40 0.04/1.2 0.005/0.08
Streptococcus pneumoniae PenR (58)

Range 0.01->40 0.002-1.2 0.0020.15

MIC,/MIC, 2.5/>40 0.01/0.3 0.002/0.02
Streptococcus pneumoniae EryR (ermB) (13)*

Range 0.005/0.15 0.001/0.02
MIC,/MIC, 0.01/0.04 0.001/0.01

Streptococcus pneumoniae EryR (mefE) (7)*

Range 0.3/>40 0.01/0.08

*Unpublished results. EryS: erythromycin A-susceptible; EryR: erythromycin A-resistant; EryRc: erythromycin A constitutive MLS; resis-
tance; EryRi: erythromycin A inducible MLSg resistance; PenR: penicillin-resistant.

Table VIII: In vitro antienterococcal activity of HMR-3787, HMR-3562 and reference antibiotics (ug/ml; from ref. 26).

Organisms (No. of isolates) Erythromycin A Azithromycin Clarithromycin HMR-3787 HMR-3562
E. faecium EryS (11)

Range 0.01-0.6 0.15-5 0.04-1.2 0.005-0.02 0.002-0.02
MIC,/MIC, 0.6/0.6 2.5/2.5 0.6/0.6 0.005/0.01 0.005/0.005
E. faecium EryR (29)

Range 5->40 10->40 2.5->40 0.01-5 0.01-0.6
MIC,/MIC, >40/>40 >40/>40 >40/>40 2.5/5 0.3/0.6
E. faecalis EryS (39)

Range 0.01-0.6 0.08-5 0.04-1.2 0.002-0.01 0.002-0.005
MIC,/MIC,, 0.3/.6 2.5/5 0.3/0.6 0.005/0.01 0.002/0.005
E. faecalis EryR (12)

Range 1.2->40 2.5->40 0.6->40 0.005-5 0.002-0.6
MIC,/MIC, >40/>40 >40/>40 >40/>40 0.04/5 0.04/0.3

EryS: erythromycin A-susceptible; EryR: erythromycin A-resistant.

Table IX: In vitro activity of HMR-3787and HMR-3562 against Chlamydia, Mycoplasma and Mycobacterium (ug/ml; from ref. 27).

Organisms (No. of isolates) Clarithromycin HMR-3787 HMR-3562
Chlamydia pneumoniae (5)
Range all 0.06 0.06-0.12 all 0.06

Mycoplasma pneumoniae (20)

Range 0.002/0.008 0.00025-0.0005 0.00025-0.0005

MIC,/MIC, 0.004/0.004 0.0005/0.0005 0.0005/0.0005

Mycobacterium avium intracellulare (25)

Range 4-128 8-128
32/32 64/64

MIC,/MICq,

were reported to be very active against several species of
streptococci (Table VI), including erythromycin A-resistant
S. pneumoniae (11, 25-27), with MIC,, values for
HMR-3562 and HMR-3787 of 0.005 and 0.04 pg/ml,
respectively (Table VII). In addition, no difference was
observed in the behavior of HMR-3562 against penicillin-
resistant strains of S. pneumoniae (25, 26), with MIC,,
values < 0.002 pg/ml (Table VII). The high antibacterial
activity of HMR-3562 and HMR-3787 was also demon-

strated against isolates of S. pneumoniae harboring the
ermB methylase genes or mefE efflux genes (unpub-
lished data, 27, 28) (Table VII). For both HMR-3562 and
HMR-3787, MICs against enterococci (25, 26) (Table VIII)
were slightly higher against Enterococcus faecium
than against Enterococcus faecalis (MIC,, = 0.04-0.3
and 0.04-2.5 pg/ml, respectively). Against H. influenzae,
HMR-3562 and HMR-3787 displayed similar activity to
azithromycin, all strains being inhibited at a concentration
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Table X: Comparative in vivo antibacterial activities of HMR-3562 and HMR-3787 in a murine septicemia model (from ref. 29, 30).

Strains Phenotype Drug MIC (mg/l) PD,, (mg/kg)
S. aureus EryS Clarithromycin 0.02 12
HMR-3562 0.01 9
HMR-3787 0.01 15.4
EryRi Clarithromycin >40 12.4
Oxacillin-resistant HMR-3562 0.04 3.7
HMR-3787 0.04 6.6
S. pneumoniae EryRc Clarithromycin >40 >40
Oxacillin-resistant HMR-3562 0.001 2
HMR-3787 0.6 3
EryRi Clarithromycin >40 >50
HMR-3562 <0.02 4.4
HMR-3787 0.08 294
EryS Clarithromycin 0.01 49
HMR-3562 0.001 15
HMR-3787 nd 17
S. pyogenes EryS Clarithromycin 0.08 2
HMR-3562 <0.01 1.5
HMR-3787 <0.02 <15
S. agalactiae EryS Clarithromycin 0.02 <3.5
HMR-3562 nd 2
HMR-3787 nd 2.7
H. influenzae Ampicillin-R Clarithromycin 10 >150
(B-Lactamase -) HMR-3562 1.2 64
HMR-3787 1.2 44
Ampicillin-R Clarithromycin 2.5 >100
(B-Lactamase +) HMR-3562 0.6 56
HMR-3787 0.6 59
E. faecalis EryS HMR-3562 nd 6
HMR-3787 nd 6
E. faecium EyS vanR teiR HMR-3562 0.02 6.5
E. faecium EryR vanR teiR HMR-3562 0.15 14.8
E. faecium EryR vanR teiR HMR-3562 0.15 21.8

EryS: erythromycin A-susceptible; EryR: erythromycin A-resistant; EryRc: erythromycin A constitutive MLS; resistance; EryRi: ery-
thromycin A inducible MLSj resistance; nd: not determined; VanR: vancomycin-resistant; TeiR: teicoplanin-resistant.

that did not exceed 2.5 pg/ml. Activities against
M. catarrhalis (26, 27) were similar to those of commer-
cially available macrolides (Table VI). While both
ketolides were shown to be as active as clarithromycin
against Chlamydia, they were 10 times more active
against Mycoplasma pneumoniae and 4-8 times less
active against Mycobacterium avium intracellulare (27)
(Table 1X).

In vivo activity (Table X)

In mice with septicemia caused by Gram-positive
cocci susceptible to erythromycin A, HMR-3562 and
HMR-3787, administered orally, demonstrated efficacy
similar to that of clarithromycin but superior to that of ery-
thromycin A. In septicemia caused by erythromycin
A-resistant strains of S. aureus and S. pneumoniae,
HMR-3562 and HMR-3787 were also very active, with
effective doses ranging between 2 and 4.4 mg/kg and
3 and 29.4 mg/kg, respectively, a range similar to that
found against erythromycin A-susceptible pathogens. In
addition, it was recently reported that HMIR-3562 and
HMR-3787 demonstrated high therapeutic effficacy

against E. faecium, including vancomycin-resistant
strains, and E. faecalis (29, 30). Finally, in acute or suba-
cute murine pneumonia models, HMR-3787 and vir-
ginamycin were reported to be equipotent, whereas
HMR-3562 was reported to be the most bactericidal
compound against constitutively MLS-resistant S. pneu-
moniae (31).

Against H. influenzae-induced systemic infections, the
ketolides were systematically more potent than ery-
thromycin A or clarithromycin, which displayed PD.,
values higher than 100 mg/kg. In addition, PD,, values for
HMR-3562 and HMR-3787 were 2-4 times lower than
those found for azithromycin in the case of both tested
ampicillin-resistant strains (30).

Conclusions

Fluoroketolides are a new subfamily of ketolides dis-
playing a similar antibacterial profile to telithromycin.
They generally possess improved activity against ery-
thromycin A-resistant S. pneumoniae and S. pyogenes,
including both ermB and mefE phenotypes. Finally, they
also demonstrate very good activity against enterococci,



984

including vancomycin-resistant E. faecium. Taken togeth-
er, these data suggest that fluoroketolides could become
promising new agents for the treatment of respiratory
pathogens resistant to erythromycin A.

Preliminary safety and pharmacokinetic studies are in
progress with HMR-3562 and HMR-3787.

References

1. Oster, P., Zanchi, A., Cresti, S. et al. Patterns of macrolide
resistance  determinants among  community-acquired
Streptococcus pneumoniae isolates over a 5-year period of
decreased macrolide susceptibility rates. Antimicrob Agents
Chemother 1999, 43: 2510-2.

2. Perez-Trallero, E. Pneumococcal macrolide resistance - Not a
myth. J Antimicrob Chemother 2000, 45: 401-2.

3. Agouridas, C., Denis, A., Auger, J.M. et al. Synthesis and
antibacterial activity of ketolides (6-O-methyl-3-oxoerythromycin
derivatives): A new class of antibacterials highly potent against
erythromycin-resistant and susceptible respiratory pathogens. J
Med Chem 1998, 41: 4080-100.

4. Hoban, D.J., Zhanel, G.G., Wierzbowski, A., Karlowsky, J.A.
Incidence of mefA and ermB among macrolide-resistant
Streptococcus pneumoniae (SPN) isolated in Canada during
1998 and 1999. 40th Intersci Conf Antimicrob Agents Chemother
(Sept 17-20, Toronto) 2000, Abst 2151.

5. Denis, A., Agouridas, C., Auger, J.M. et al. Synthesis and
antibacterial activity of HMR 3647, a new ketolide highly potent
against erythromycin-resistant and susceptible pathogens.
Bioorg Med Chem Lett 1999, 50: 3075-80.

6. Bonnefoy, A., Girard, A.M., Agouridas, C., Chantot, J.F.
Ketolides lack inducibility property of MLS, resistance pheno-
type. J Antimicrob Chemother 1997, 40: 85-90.

7. Agouridas, C., Bonnefoy, A., Chantot, J.F. HMR 3647:
Antibacterial activity and resistance. Intl Conf Macrolides
Azalides Streptogramins 1998, Abst 1.24.

8. Boswell, F.J., Andrews, J.M., Ashby, J.P., Fogarty, C.,
Brenwald, N.P., Wise, R. The in vitro activity of HMR 3647, a new
ketolide antimicrobial agent. J Antimicrob Chemother 1998, 42:
703-9.

9. Agouridas, C., Bonnefoy, A., Chantot, J.F. In vitro antibacteri-
al activity of HMR 3647, a novel ketolide highly active against
respiratory pathogens. 37th Intersci Conf Antimicrob Agents
Chemother (Sept 28-Oct 1, Toronto) 1997, Abst F-112.

10. Agouridas, C., Bretin, F., Chantot, J.F. New erythromycine
derivs. FR 2742757.

11. Denis, A., Bretin, F., Fromentin, C. et al. 3-Keto-ester chem-
istry and ketolides. Synthesis and antibacterial activity of 2-
halogeno, 2-methyl and 2,3 enol-ether ketolides. Bioorg Med
Chem Lett 2000, 10: 2019-22.

12. Denis, A. New erythromycine derivs. EP 1004592.

13. Agouridas, C., Denis, A., Fromentin, C. New erythromycine
derivs. FR 2785612.

14. Denis, A., Fromentin, C., Heckmann, B. New erythromycine
derivs. EP 1026170.

15. Hlasta, D., Henninger, T., Grant, E., Khosla, C., Chu, D. New
macrolide erythromycin derivs. WO 0062783.

Synthesis and antibacterial activity of novel fluoroketolides

16. Chu, D., Aschley, G. W. New macrolide antibiotics. WO
0063224.

17. Phan, L., Or, Y., Chu, D. et al. 2-Halo-6-O-substituted
ketolide derivs. US 6124269.

18 Phan, L., Clark, R., Rupp, M. et al. Synthesis of 2-fluoro-6-O-
propargyl-11,12-carbamate ketolides. A novel class of antibi-
otics. Org Lett 2000, 2951-4.

19. Phan, L.T,, Or, Y.S., Chu, D.T. et al. 2-Substituted tricyclic
ketolides: New antibacterial macrolides. Synthesis and biological
activity. 38th Intersci Conf Antimicrob Agents Chemother (Sept
24-27, San Diego) 1998, Abst F-127.

20. Kaneko, T., McMillen, W. New ketolide antibiotics. WO
0044761.

21. Kaneko, T., McMillen, W., Sutcliffe, J., Duignan, J., Petipas,
J. Synthesis and in vitro activity of C2-substituted C9-oxime
ketolides. 40th Intersci Conf Antimicrob Agents Chemother (Sept
17-20, Toronto) 2000, Abst F-1815.

22. Or, Y.S,, Clark, R.F., Wang, S. et al. Design, synthesis and
antimicrobial activity of 6-O-substituted ketolides active against
resistant respiratory tract pathogens. J Med Chem 2000, 43:
1045-9.

23. Phan, L.T,, Or, Y.S., Spina, K.P. et al. Tricyclic ketolides.
Mono-substitution on the imine ring. Synthesis and in vitro
antibacterial activity. 37th Intersci Conf Antimicrob Agents
Chemother (Sept 28-Oct, Toronto) 1997, Abst F-263.

24. Elliott, R.L., Pireh, D., Griesgraber, G. et al. Anhydrolide
macrolides. Synthesis and antibacterial activity of 2,3 anhydro-6-
O-methyl 11,12-carbamate erythromycin A analogues. J Med
Chem 1998, 41: 1651-9.

25. Bonnefoy, A., Denis, A., Bretin, F., Fromentin, C., Agouridas,
C. In vitro antibacterial activity of novel 2-fluoro ketolides. 39th
Intersci Conf Antimicrob Agents Chemother (Sept 26-29, San
Francisco) 1999, Abst 2153.

26. Bonnefoy, A., Denis, A., Bretin, F., Fromentin, C., Agouridas,
C. In vitro antibacterial activity of two ketolides, HMR 3562 and
HMR 3787 against respiratory pathogens. 39th Intersci Conf
Antimicrob Agents Chemother (Sept 26-29, San Francisco)
1999, Abst 2155.

27. Felmingham, D., Robbins, M.J., Mathias, I., Bryskier, A. In
vitro activity of 2 ketolides, HMR 3562 and HMR 3787, against
clinical bacterial isolates. 39th Intersci Conf Antimicrob Agents
Chemother (Sept 26-29, San Francisco) 1999, Abst 2154.

28. Drugeon, H., Bryskier, A., Bemer-Melchior, P., Juvin, M.E.
New fluoro-ketolides —HMR3562 and HMR 3787: Bactericidal
activity against Streptococcus pneumoniae. 40th Intersci Conf
Antimicrob Agents Chemother (Sept 17-20, Toronto) 2000, Abst
1818.

29. Guitton, M., Delachaume, C., Le Priol, P., Steir, V., Bonnefoy,
A. In vitro and in vivo efficacy of a novel fluoro-ketolide HMR
3562 against enterococci. J Antimicrob Chemother 2001, 48:
131-5.

30. Bonnefoy, A., Denis, A., Bretin, F., Fromentin, C., Agouridas,
C. In vivo antibacterial activity of two ketolides, HMR 3562 and
HMR 3787 highly active against respiratory pathogens. 39th
Intersci Conf Antimicrob Agents Chemother (Sept 26-29, San
Francisco) 1999, Abst 2156.

31. Levasseur, P., Vallee, E., Bonnefoy, A. et al. Activity of
ketolides HMR 3562 and HMR 3787 against erythromycin-sensi-
tive and -resistant pneumococci in murine pneumonia models.
39th Intersci Conf Antimicrob Agents Chemother (Sept 26-29,
San Francisco) 1999, Abst 2158.



	Introduction
	Chemistry
	Fluoroketolides: structure-activity relationships
	Fluoroketolides: biological evaluation of HMR-3562 and HMR-3787
	Conclusions
	References

