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Abstract

A series of novel 4”-O-carbamoyl analogs of clarithromycin were synthesized and evaluated for their in vitro antibacterial activity.
All of the desired compounds showed excellent activity against erythromycin-susceptible S. pneumoniae. Particularly, 4-fluorobenzyl
carbamate 7a demonstrated potent activity against erythromycin-resistant S. pneumoniae encoded by the mef gene, and remarkably
improved activity against erythromycin-resistant S. pneumoniae encoded by the erm gene, and the erm and mef genes.
© 2009 Shu Tao Ma. Published by Elsevier B.V. on behalf of Chinese Chemical Society. All rights reserved.
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First generation macrolides as exemplified by erythromycin A (EMA) demonstrated broad-spectrum antimicrobial
activity and were primarily prescribed for respiratory, skin and soft tissue infections, but they lose readily their
antibacterial activity attributing to degradation under acidic conditions [1,2]. Second generation macrolides such as
clarithromycin (CAM) (Fig. 1) and azithromycin (AZM) were developed to overcome the shortcomings of EMA [3].
However, the therapeutic utility of these macrolides has led to rapid increases in the resistance rates of bacteria isolated
clinically. Unfortunately, all of the macrolides belonging to the second generation exhibited less improvement in the
activity against erythromycin-resistant strains [4].

A significant amount of work has been carried out to discover new macrolides against resistant strains. It has been
reported that CP-544372 (Fig. 1) showed potent activity against both susceptible and resistant bacteria [5]. CP-544372
contains a prolonged aromatic side chain attached to the 4”-position of the cladinose sugar, reaching to the binding site
of chloramphenicol [6,7]. Otherwise, our studies also confirmed that the 4”-O-carbamoyl groups play an important
role in overcoming MLSg (macrolide-lincosamide—streptogramin B) resistance [8,9].

In order to probe the effect of a long 4”-O-carbamoyl side chain in the antibacterial activity, five amines 4a—e were
obtained from 6-aminohexanonic acid by protection of (BOC),0, condensation reaction with corresponding amines
catalized by DCC and HOBt, and finally, deprotection of the BOC groups in HCI as shown in Scheme 1.

CAM has been widely used in the treatment of respiratory tract infections owing to its high efficacy, ideal
pharmacokinetic property and safety [10,11]. In anticipation of inheriting these beneficial profiles of CAM, a series of
novel 4”-O-cabamate analogs of CAM 7a-e were prepared by condensation with the amines synthesized above as
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Fig. 1. Structures of clarithromycin and CP-544372.

outlined in Scheme 2. CAM was subjected to acetylation reaction with acetic anhydride to give 2’-O-acetate 5. The 2’-
O-acetate 6 was obtained by reaction of 5 with CDI (N,N-carbonyldiimidazole) in toluene in the presence of EtzN
(triethylamine) in good yield. Reaction of 6 with the corresponding amines 4 in DMF in the presence of DBU (1,8-
diazabicyclo[5.4.0]Jundec-7-ene) followed by methanolysis at 55 °C gave the desired compounds 7a—e (Table 1). Their
structures were confirmed by MS, IR, '"H NMR and elemental analysis [12].

The activity of 7a—e against four phenotypes of Gram-positive strains was evaluated using broth microdilution
method as shown in Table 2. All of the compounds tested retained excellent activity against erythromycin-susceptible
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Scheme 1. Reagents and conditions: (a) (BOC),0, 1 mol/L NaOH, THF, rt, 24 h, 76.0%; (b) DCC, HOBt, THF, 0 °C, 8 h, RlNHz, rt, 2 h; (¢) HCI,
AcOEt, rt, 2 h 78.1-85.4% for 2 steps.

7a R!= 4-fluorobenzyl
7b R!=benzyl

7e¢ R!= propyl

7d R!= propenyl

7e R!=pentyl

Scheme 2. Reagents and conditions: (a) Ac,0, Et3N, CH,Cly, rt, 24 h, 85.4%; (b) CDI, toluene, rt, 48 h, 92.9%; (c) R'NHZ-HCI, DBU, DMF, rt,
24 h; (d) CH;0H, 55 °C, 24 h, 73.2-77.7% for 2 steps.
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Table 1

Data of the target compounds 7a—e.

Compounds R' Molecular formula Molecular weight Mp (°C) Overall yield (%)

Ta 4-Fluorobenzyl- Cs5,HggFN3Oy5 1011.6 110-112 59.7

7b Benzyl- Cs,Hg7N305 994.3 115-118 58.0

7c Propyl- CysHg7N305 946.2 112-115 61.6

7d Propenyl- CygHgsN3O, 5 944.2 119-122 58.8

Te Pentyl- Cs0Ho1N305 974.3 104-107 58.9

Table 2

In vitro antibacterial activity of the target compounds 7a—e.

Compounds Strain/MIC (pg/mL)
S. pneumoniae S. pneumoniae B1 S. pneumoniae A22072 S. pneumoniae ABI11
ATCC49619 (ermB) (mefA) (ermB + mefA)

EAM 0.03 128 8 256

CAM 0.03 64 4 128

AZM 0.03 128 4 256

7a 0.03 2 0.5 4

7b 0.03 64 2 64

Tc 0.03 128 4 128

7d 0.03 128 2 128

Te 0.03 128 4 128

S. pneumoniae comparable to the references (MIC 0.03 pg/mL), and some of them showed improved activity against
erythromycin-resistant S. pneumoniae. Among them, 4-fluorobenzyl carbamate 7a showed greatly improved activity
against both S. pneumoniae B1 strain encoded by the erm B gene and pneumonia AB11 strain encoded by the erm B
and mef A genes, exhibiting 64-fold, 32-fold and 64-fold better activity than EMA, CAM and AZM, respectively.
Similarly, 4-fluorobenzyl carbamate 7a also had potent activity against S. pneumoniae A22072 encoded by the mef A
gene, demonstrating 16-fold, 8-fold and 8-fold greater than EMA, CAM and AZM, respectively. In contrast,
alkylcarbamates 7c—e possessed slightly improved activity against erythromycin-resistant strains compared with the
references. These results suggested that the prolonged arylalkylcarbamoyl group may enhance activity against
erythromycin-resistant strains. Besides, 4-fluorobenzyl carbamate 7a was 32-fold, 4-fold and 16-fold more potent
activity against erythromycin-resistant strains tested than benzyl carbamate 7b, indicating that the electron-
withdrawing group may further increase activity against erythromycin-resistant strains.

In conclusion, a series of novel 4”-O-carbamate analogs of CAM were synthesized and evaluated. All of these
analogs tested, without exception, exhibited excellent activity against erythromycin-susceptible S. pneumoniae, and
some of them showed improved activity against erythromycin-resistant S. pneumoniae. Particularly, 4-fluorobenzyl
carbamate 7a demonstrated potent activity against erythromycin-resistant S. pneumoniae encoded by the mef gene,
and remarkably improved activity against erythromycin-resistant S. pneumoniae encoded by the erm gene, and the erm
and mef genes.
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