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Abstract—Macrolide–nucleoside and macrolide–nucleobase conjugates (chimeras) have been synthesised by linking erythromycin A
oxime derivatives and clarithromycin C11,C12-oxazolidinone derivatives with 3 0-amino-3 0-deoxythymidine or adenine through dif-
ferent spacers; clarithromycin–adenine conjugate 16a is the most active species against Micrococcus luteus.
� 2006 Elsevier Ltd. All rights reserved.
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Figure 1.
Erythromycin-related macrolides are among the safest
and most effective antibiotics for the treatment of respi-
ratory infections. Although erythromycin A (EA, 1a) is
unstable in the acidic media of the stomach (owing to
the well-known formation of hemiketals involving C9)
and causes gastrointestinal side effects, semi-synthetic
derivatives such as clarithromycin (1b) and roxithro-
mycin (1c), a derivative of EA oxime (1d), overcome
most of these problems.1 However, the development of
resistance to these antibiotics is on the rise. Although
certain modifications of the macrolide backbone confer
activity against macrolide-resistant pathogens,2 better
antibiotics are still needed.3 Preparation of conjugates
and hybrid compounds (or chimeras) is one of the new-
est strategies that are currently being investigated.4 Since
macrolide antibiotics inhibit bacterial protein synthesis
by selectively binding to ribosomal RNA,1b,5 we felt that
conjugation of a macrolide with a nucleoside or nucleo-
tide could enhance the affinity for the ribosome by
hydrogen bonding and/or electrostatic interactions.
Third-generation macrolide antibiotics such as telithro-
mycin6 (Fig. 1) or ABT-7737 already use a similar stra-
tegy, incorporating heteroaromatic rings capable of
further interactions with the ribosome; these rings
appear to be crucial for activity against macrolide–linco-
samide–streptogramin B (MSLB) resistant strains.
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We report here the synthesis of compounds 2–4. In the
series 2a–c, the erythromycin backbone has been linked
through an oxime ether to a nucleoside;8 as a first
approach, a thymidine was chosen. In clarithromycin
derivatives, the link between the antibiotic and
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nucleoside (see 3a–c) and between the antibiotic and
adenine (see 4a,b) has been established through a cyclic
carbamate, or oxazolidinone, at positions C11,C12.9,10

For the preparation of 2 (Scheme 1), we envisaged the
coupling of the thymidine derivative 5 prepared11 from
AZT with a suitably alkylated erythromycin oxime.
Mesylates 6a–c with different chain lengths were chosen
as alkylating agents. Alkylation of the oxime 1d was at-
tempted under a variety of conditions (e.g., with MeO-
Na in DMF and with Na2CO3 in EtOH) but no oxime
ether could be isolated. However, when the reaction
was performed with K2CO3 as the base and acetone as
the solvent, the desired oximes (E)-7a–c were obtained
in good yields. The corresponding (Z)-oximes, arising
from the partial isomerisation of EA (E)-oxime in the
basic reaction medium,12 were also isolated.

The E or Z configuration of 7a–c was determined by
careful comparison of their 1H and 13C NMR spectra
with those of (E)- and (Z)-oximes of 1d12,13 and 1b.14

The proton H11 appears at a lower field for the Z-oxime
ethers due to the deshielding effect of the alcoxyimino
group. The same effect causes H8 to be deshielded in
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Scheme 1. Reagents and conditions: (a) 6a–c, K2CO3, acetone, reflux,
24 h, 50–65% of (E)-oxime plus 15–25% of (Z)-oxime; (b) H2, Pd/C,
MeOH, rt, 1.5–4 h, 94–99%; (c) 5, CH2Cl2, DMF, rt, 2–3 h, 72–80%;
(d) HF–pyridine, THF, 0–4 �C, 14–24 h, 76–84%.
the E compounds, in relation to the Z ones (Scheme
1). Furthermore, the 13C NMR chemical shift for 10-
Me is characteristic: it appears at ca. 15 ppm in the
(E)-oxime ethers, and at ca. 11 ppm for the (Z)-oxime
ethers. This is most probably due to a shielding effect
caused by the steric interaction between the alcoxyimino
group and 10-Me.12,15

Removal of the benzyloxycarbonyl group of the major
compounds, (E)-7a–c, by catalytic hydrogenation affor-
ded the free amines 8a–c in quantitative yield. These
amines were coupled with thymidine derivative 5 in
CH2Cl2–DMF to yield protected chimeras 9a–c.
Removal of the TBS group was accomplished by treat-
ment with HF–pyridine in THF as the solvent to give
the desired 2a–c.

Chimeras 3a–c were prepared by coupling amines 12a–c
with thymidine 5, as shown in Scheme 2. The clarithro-
mycin 2 0,400-diacetate, 10, was converted to 12-O-imidaz-
olylcarbonyl macrolide 11 by treatment with an excess
of 1,1 0-carbonyldiimidazole and NaH in DMF–THF.
This transformation proceeds through a 11,12-cyclic
carbonate intermediate.9a The 11,12-carbamate group
(oxazolidinone ring) was introduced by treating crude
11 with the corresponding diamines followed by depro-
tection of the 2 0-acetate. Only the natural 10R epimer
was formed. For 12a–c, the stereochemistry at C10
was determined by NMR spectroscopy. Previous studies
showed that the 13C signal for C10 is diagnostic:9a it
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NH4OH, MeOH, rt, 4 d, 77–91%.
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appears at ca. 37 ppm in the natural isomer, whereas it is
shifted to ca. 52 ppm for the unnatural 10S epimer.

Coupling of amines 12a–c with 5 took place smoothly in
CH2Cl2–DMF. Removal of the TBS group (to convert
13a–c into 14a–c, respectively), followed by treatment
with aqueous ammonia to cleave the 400-OAc groups,
furnished the desired compounds 3a–c.

Compounds 2a–c, 12a–c, 13a–c, 14a–c and 3a–c were
tested against Micrococcus luteus ATCC 9341 by the
standard agar dilution method.16 All compounds
showed weak antibacterial activity (Table 1). The most
active ones were amines 12a–c, although with potencies
below 40% of that of the reference antibacterial agent
(EA, 1a). Under identical conditions the value that we
have determined for clarithromycin, 1b, is 122% and
that for azithromycin is 110%. Long-chain spacers
(n = 6 for the case of 2c and its precursors, n = 5 for
the case of 3c and its precursors) did not afford any
advantage. All these side chains seem to be too bulky.
Perhaps they also lack basic centres that could be
required for the interaction with the nucleotides in
the peptidyl-transferase tunnel.5

Thus, we set out to synthesise macrolide–adenine chime-
ras 4a,b, in which the link between the two components
is through an amine moiety. They were prepared by
reductive amination of amines 12a,b with the hydrate
of aldehyde 15,17 followed by hydrolysis of the OAc
group (Scheme 3).

Compounds 4a,b and their precursors 16a,b were tested
against M. luteus ATCC 9341, as above indicated.16 The
values for their biological activity are also shown in
Table 1. Among all the samples tested so far, 400-O-acetyl
derivative 16a showed the highest potency (Table 1,
entry 10), although it is still lower than desired. A spacer
with an additional CH2 (from n = 2–3) is detrimental;
a HB donor at 400 (400-OH) is also detrimental (entry
11) with regard to its 400-OAc derivative (entry 10).

The antimycobacterial activities of compounds 2a–c and
3a–c were checked against Mycobacterium tuberculosis
H37Rv.

18 Inhibition percentages around 73–83% were
Table 1. Percentage of potency against Micrococcus luteus, in relation
to EA, 1a

Entry Compound Percentage of activity of each
series (%)

a b c

1 (E)-7 30.6 —a —a

2 (Z)-7 31.4 —a —a

3 (E)-8 24.8 —a —a

4 (E)-9 7.4 1.3 3.4
5 2 7.8 8.4 5.5
6 12 37.5 36.2 17.2
7 13 4.1 6.4 2.2
8 14 1.6 1.7 3.7
9 3 1.3 1.7 2.5
10 16 49.8 29.5 —
11 4 33.0 7.3 —

aNot determined.
noted. Samples of 16a,b, 4a and 4b have also been sub-
mitted to evaluation;18 results will be reported in due
course.

In summary, syntheses of erythromycin–thymidine chi-
meras 2a–c and of clarithromycin–thymidine chimeras
3a–c are disclosed. Clarithromycin–adenine conjugates
4a and 4b are also reported and characterised for the
first time. The biological studies are preliminary but
indicate some detrimental factors to be avoided if the
discovery of new leads is pursued. Further biological
tests as well as virtual screenings (by computational
docking into the known ribosome structure of series of
alternative conjugates) are underway.
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