
Bioorganic & Medicinal Chemistry 18 (2010) 6569–6577
Contents lists available at ScienceDirect

Bioorganic & Medicinal Chemistry

journal homepage: www.elsevier .com/locate /bmc
6-Alkylquinolone-3-carboxylic acid tethered to macrolides synthesis
and antimicrobial profile
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a b s t r a c t

Two series of clarithromycin and azithromycin derivatives with terminal 6-alkylquinolone-3-carboxylic
unit with central ether bond in the linker were prepared and tested for antimicrobial activity. Quinolone-
linker intermediates were prepared by Sonogashira-type C(6)-alkynylation of 6-iodo-quinolone precur-
sors. In the last step, 400 site-selective acylation of 20-protected macrolides was completed with the
EDC reagent, which selectively activated a terminal, aliphatic carboxylic group in dicarboxylic interme-
diates. Antimicrobial activity of the new series of macrolones is discussed. The most potent compound,
400-O-{6-[3-(3-carboxy-1-ethyl-4-oxo-1,4-dihydroquinolin-6-yl)-propoxy]-hexanoyl}-azithromycin (10),
is highly active against bacterial respiratory pathogens resistant to macrolide antibiotics and represents
a promising lead for further investigation.

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

Continuous increase in levels of antibacterial resistance among
common pathogens leads to impaired efficacy of available antibiot-
ics and poses a constant need for the development of new, more
potent drugs. A number of novel classes of macrolide antibiotics
are characterized by the presence of a specific, well defined struc-
tural subunit tethered to the macrolide scaffold.1–3 Terminal units
usually comprise an aromatic or heteroaromatic ring, bound by the
linkers of various lengths to the selected positions on the macro-
lide. Some representative structures are given in Figure 1.

Such derivatives of ketolides were for some period regarded as
the ‘future of macrolides’.4 In recent years, ketolides become the
most frequently reported macrolide derivatives, modified by the
C-linked terminal (hetero)aryl units, usually attached to aglycon
at C(6)–O or C(11)–N. Ketolides with C(6)–O-allylic chain to hetero-
aryl group are also reported.5–7 In addition to marketed antibiotic
telithromycin, among the most progressed compounds is cethro-
mycin, which is in phase III clinical research.8,9 Ketolides with a ter-
minal, C–C linked (hetero)aryl group at C(11)–N usually also contain
an annulated cyclic carbamate at C(11), C(12) position.10–12 Another
ll rights reserved.

: +385 1 605 1019.
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group of ketolides with a terminal C–C bond to a (hetero) aryl unit
contain a carbamate group at C(6)–O.13–15 Linkers with a triple bond
are also used to attach (hetero) aryl units.16,17 A carbon–carbon
bond is present at both ends of the linker in ketolides where a (het-
ero) aryl unit is bound to the C(11)–C atom via a,b, or c-S-alkyl unit
and by another C–C bond at the second terminus.5 Two examples of
acylides, C(3)–O-acyl derivatives of macrolides with terminal aryl
units bound to a short linker, are also reported.18,19

Interestingly, tethered derivatives with erythro-, clarithro- or
azithro-scaffold are much less explored. We have reported on the
synthesis of azithro-congeners, 400-O-acyl derivatives of 8a-aza-
8a-homoerythromycin I and II, Figure 2, and their in vitro activities
against different bacteria, sensitive or resistant to macrolide
antibiotics.20,21

More recently we reported on a series of 400-O-(x-quinolylami-
no-alkylamino)propionyl derivatives of selected macrolides and
for significant number of derivatives an improved antibacterial
profile was observed.22 In all these compound groups linkers of a
varying length, number of heteroatoms, and degree of conforma-
tional flexibility are attached to 400-position of macrolides.21,22

Continuing our efforts in obtaining macrolones with improved
antimicrobial properties, we have designed synthesis and per-
formed in vitro antimicrobial testing of this new series character-
ized by the general formula III (Fig. 3).

They belong to the class of macrolide derivatives that comprise
azithromycin or clarithromycin core, to which quinolone 3-carbox-
ylic unit is bound by two types of linkers. Analysis of data for

http://dx.doi.org/10.1016/j.bmc.2010.06.048
mailto:samra.y.kapic@gsk.com
http://dx.doi.org/10.1016/j.bmc.2010.06.048
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Figure 1. Representative structures of tethered macrolides with a linked (hetero)aromatic group.
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Figure 2. General formula 400-O-acyl derivaties of 8a-aza-8a-homoerythromycin I and II.
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Figure 3. General formula III, characterized by O-acyl group at C(400)-O of
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our previous derivatives suggested incorporation of 400-O-acyl
unit with the one ether oxygen atom in the polymethylene
chain at c-position to the terminal quinolone unit could be
beneficial.

2. Results and discussion

2.1. Chemistry

Compounds of the general formula III are characterized by the
presence of 6-alkyl-N(1)-ethyl-3-carboxylquinolone unit bound
to the 400-O-atom of cladinose moiety in azithromycin (compounds
8–11; 18, 19) or in clarithromycin (compounds 12, 13; 20, 21).
Connection of the linker to 400-O is achieved by an ester bond,
and to the 6-position of quinolone via a C–C bond. Within the lin-
ker, one oxygen atom has been designed at the c-position to the
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quinolone, while variation of the number of carbon atoms of
the x-oxy-carboxylic acid has been investigated.

Synthetic routes to the target compounds are outlined in the
Schemes 1 and 2.

Two key intermediates on the route to target compounds, the
quinolone carboxylic acid 4 and its congener 17, were prepared
in three steps, differing only in the way the ether bond is formed
in terminal alkynes 2 and 15.

Reactivity of 6-iodo- and 6-bromoquinolone carboxylic acid ethyl
ester in alkenylation and alkynylation reactions, and selection of the
best catalytic system were studied with Boc-allyl alcohol and Boc-
propargyl alcohol. Representative runs are given in the Scheme 3.

Heck reaction 1) was optimized using conditions 1b. Relatively
long reaction time and high temperature proved impractical, how-
ever, for large-scale batches. Suzuki reaction 2a, with Pd(PPh3)2Cl2/
9-BBN as the catalyst, also failed. The best results were obtained
with Sonogashira catalytic system 2d, 6-iodo-quinolone II as the
substrate and Boc-propargyl alcohol.

Having these results at hand, Sonogashira coupling reaction of al-
kynes 2 and 15 with 6-iodoquinolone derivative23–25 was completed
in deaerated MeCN, in the presence of Et3N, dichlorobis(triphenyl-
phosphine) palladium (II) and Cu(I) iodide. Base-catalyzed hydroly-
sis of 3 and 16 afforded dicarboxylic acids 4 and 17, respectively. To
our satisfaction, these dicarboxylic acids were completely site-
selectively activated, with the more acidic carboxylic group at the
aliphatic terminus forming an activated complex with EDC/DMAP.

Starting 20-O-acetyl macrolides: 20-O-acetyl-azithromycin (5),
11-O-Me-20-O-acetyl azithromycin (6) and 20-O-acetyl clarithro-
mycin (7), used as the second components, were prepared by the
published route using acetic anhydride/triethylamine.26

Selective acylation at 400-OH of 5–7 with 4 and 17, was completed
at 0 �C in a solvent mixture DMF/DCM, and followed by methanoly-
sis of 20-O-acetyl group at slightly elevated temperature. Alkynes 8,
9, 12, 18 and 20 were catalytically hydrogenated at 5 bars and rt,
avoiding any over-hydrogenation or hydrolytic split. All alkynes
and final compounds were purified by column chromatography
and were characterized by 1H, 13C NMR, HRMS and IR. Proposed
structures were confirmed by NMR studies. Downfield shift of 400-
H signal from 3.04 ppm in azithromycin and 3.00 in clarithromycin
to 4.70 ppm in new compounds 8, 9, 12, 18 and 20 was observed.27,28

Also, it was observed that the 400-H proton in the new derivatives 8, 9,
12, 18 and 20 resonates as a doublet, but as a triplet in the starting
compounds, in accordance with acylation of a free hydroxyl group
at 400 positions, hence removal of the 400-H and 400-OH coupling.

In addition, the NMR spectra showed the presence of the ex-
pected signals arising from the quinolone and linker moiety. The
1H NMR spectra showed signals characteristic for the quinolone
2H atom at 8.79 ppm resonates as singlet, 1,2,4-trisubstituted ring
at 8.60 ppm as doublet, 7.86 ppm as doublet of doublets and
7.61 ppm as doublet, also the N-ethyl signals at 4.41 ppm as quar-
tet and 1.60 ppm as triplet.

The appearance of signals at 1.95 ppm and 2.89 ppm in 1H NMR,
and at 31 ppm, and disappearance of the signals at 83 ppm in 13C
NMR indicated reduction of the triple bond in 8, 9, 12, 18 and 20
to single bond in 10, 11, 13, 19 and 21.

2.2. Biological results

For all new compounds antibacterial activity was determined
against the panel of relevant Gram positive (Streptococcus pneumo-
niae, Streptococcus pyogenes and Staphylococcus aureus) and Gram
negative (Haemophilus influenzae) respiratory tract pathogens that
were either sensitive or resistant to macrolide antibiotics. Mini-
mum inhibitory concentrations (MICs) were determined by the
standard broth microdilution method29 and are given in units of
mg/L, Table 1. Azithromycin, clarithromycin and telithromycin
were used as comparators.

The majority of novel compounds were more potent against se-
lected bacterial strains then azithromycin and some previously re-
ported derivatives of 8a-lactams.21 In contrast to the final
macrolide compounds, it is important to note that non-macrolide
molecules 3, 4 and 16 containing quinolone and linker, proved
antibacterialy inactive, while some activity of 17 was observed
against streptococci. All macrolide derivatives were highly active
against macrolide sensitive isolates of S. pneumoniae and S. pyoge-
nes, but compared to azithromycin, clarithromycin derivatives



Table 1
Antibacterial activity of reported compounds, given as minimum inhibitory concentration (MIC) in units of mg/L

Strains S. aureus
ATCC13709

S.
pneumoniae
SP 030

S.
pyogenes
3565

S. aureus
90265/97

S. pneumoniae
134 GR-M

S. pyogenes
Finland 11

S.
aureus
PK1

S.
pneumoniae
Ci137

S. pyogenes
Finland 2

S.
pneumoniae
58 Spain

S. pyogenes
166 GR-Micro

H. influenzae
ATTC 49247

Phenotype eryS eryS eryS iMLS iMcLS iMLS M M M cMLS cMLS

TEL 0.25 <0.125 <0.125 <0.125 0.25 <0.125 0.125 0.5 0.5 0.25 16 1
AZM 0.5 <0.125 <0.125 >64 >64 16 >64 8 16 >64 >64 1
CAM 60.125 60.125 60.125 >64 >64 1 32 4 4 >64 >64 8

3
N

OO
O

O O
O >64 16 8 >64 64 64 >64 16 >64 64 >64 >64

4
N

OO
O

OH O
OH >64 >64 >64 >64 >64 >64 >64 >64 >64 >64 >64 >64

16 OO

O

N

O O
O

>64 >64 >64 >64 >64 >64 >64 >64 >64 >64 >64 >64

17 OOH

O

N

O O
OH

>64 1 1 >64 >64 8 >64 4 16 2 >64 >64
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N

O

OH

O

OR1
OH N

O

OH

O O

O

8

R1 = H 

R2 = 

N

OO
O

OH O
OH

<0.125 <0.125 <0.125 1 <0.125 <0.125 0.25 <0.125 <0.125 <0.125 0.5 0.5

10

R1 = H 

R2 = 

N

OO
O

OH O
OH

0.25 <0.125 <0.125 0.25 <0.125 <0.125 0.25 <0.125 <0.125 <0.125 <0.125 0.5

9

R2 = 

N

OO
O

OH O
OH 0.5 <0.125 <0.125 4 0.5 <0.125 1 <0.125 <0.125 <0.125 2 1

(continued on next page)
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Table 1 (continued)

Strains S. aureus
ATCC13709

S.
pneumoniae
SP 030

S.
pyogenes
3565

S. aureus
90265/97

S. pneumoniae
134 GR-M

S. pyogenes
Finland 11

S.
aureus
PK1

S.
pneumoniae
Ci137

S. pyogenes
Finland 2

S.
pneumoniae
58 Spain

S. pyogenes
166 GR-Micro

H. influenzae
ATTC 49247

Phenotype eryS eryS eryS iMLS iMcLS iMLS M M M cMLS cMLS

TEL 0.25 <0.125 <0.125 <0.125 0.25 <0.125 0.125 0.5 0.5 0.25 16 1
AZM 0.5 <0.125 <0.125 >64 >64 16 >64 8 16 >64 >64 1
CAM 60.125 60.125 60.125 >64 >64 1 32 4 4 >64 >64 8

11

R1 = CH3

R2 = 

N

OO
O

OH O
OH

1 <0.125 <0.125 2 0.5 <0.125 1 <0.125 <0.125 <0.125 0.5 1

18

R1 = H 
R2 = 

OOH

O

N

O O
OH 0.5 <0.125 <0.125 4 0.5 <0.125 0.5 <0.125 <0.125 <0.125 1 1

19

R1 = H 
R2 = 

OOH

O

N

O O
OH 0.5 <0.125 <0.125 4 0.25 <0.125 0.5 <0.125 <0.125 <0.125 0.25 2

OR2

O

O
O

O

O

OH
OH

O

O

OH

O

N
O

12

R2 = 

N

OO
O

OH O
OH 2 <0.125 <0.125 8 4 <0.125 2 <0.125 <0.125 <0.125 2 16

13

R2 = 

N

OO
O

OH O
OH 2 <0.125 <0.125 4 1 <0.125 2 <0.125 <0.125 <0.125 <0.125 8

20

R2 = 

OOH

O

N

O O
OH 1 <0.125 <0.125 4 1 <0.125 1 <0.125 <0.125 <0.125 4 4

21 OOH

O

N

O O
OH

0.5 <0.125 <0.125 2 0.5 <0.125 0.5 <0.125 <0.125 <0.125 <0.125 1

AZM = azithromycin; TEL = telithromycin; CAM = clarithromycin; iMLS = inducible resistance to macrolide, licosamide and streptogramin (MLS) antibiotics; iMcL = inducible resistance to macrolide and constitutive resistance to
lincosamide antibiotics; cMLS = constitutive MLS resistance; M = efflux mediated macrolide resistance.
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with short linker, compounds 12 and 13, demonstrated reduced
activity against S. aureus. Generally, good potency against macro-
lide-resistant organisms, having either macrolide-lincosamide-
streptogramin B (MLSB) or efflux (M) resistant phenotype, was ob-
served. Compounds with reduced triple bond were more potent
compared to their triple bond containing counterparts; 8 versus
10, 9 versus 11, 12 versus 13, 18 versus 19 and 20 versus 21, and
the difference in their potency against constitutively resistant,
ribosomal methyltransferase producing cMLS S. pyogenes was the
most pronounced. These compounds provide full coverage of S.
pyogenes strains, irrespective of the underlying resistance mecha-
nism, which represents an advantage over telithromycin, that does
not cover constitutively resistant isolates.30,31 However, with the
exception of compound 10, telithromycin still provides better cov-
erage of S. aureus strains. In comparison to their azithromycin or
11-O-Me counterparts, potency of clarithromycin derivatives
against the key Gram negative respiratory pathogen H. influenzae
is reduced. Elongation of the chain for one methylene group im-
proved antibacterial activity on azithromycin and clarithromycin
scaffold (8 vs 18, 10 vs 19, 12 vs 20 and 13 vs 21).

Regarding overall antimicrobial profile, compound 10 is the
most potent one, with the best activity against the H. influenzae
and clear improvements over both azithromycin and telithromycin
(cMLSb S. pyogenes MIC 60.125 vs 16 lg/L).

3. Conclusion

In conclusion, two short series of macrolones with terminal
N-ethyl-3-carboxylquinolone unit, tethered at C(6) by C–C bond
and by an ester unit at C(400)–OH to the macrolide scaffold were
prepared. They have improved antibacterial potency against key
respiratory pathogens resistant to currently used macrolide antibi-
otics. The most potent compound 10 has broader spectrum of
activity than the marketed ketolide telithromycin, as it provides
coverage of cMLSb resistant strains of S. pyogenes. As such, it rep-
resents a promising lead in our constant efforts to overcome bacte-
rial resistance.
4. Experimental

4.1. Synthetic procedures

4.1.1. 6-Propyn-2-yloxy-hexanoic acid ethyl ester (2)
To the solution of compound 1 (0.50 ml, 3.10 mmol) in THF

(5.0 ml) TBAI (57.2 mg, 0.15 mmol), NaI (69.7 mg, 0.46 mmol), prop-
argylbromide (518.0 ml, 4.65 mmol) and solid KOH (173.9 mg,
3.10 mmol) were added. Reaction mixture was stirred for 24 h at
rt, solvent was then evaporated and residue was partitioned be-
tween EtOAc and water. Organic layer was washed with satd aq NaCl
(2 � 10 ml), dried (K2CO3) and evaporated at reduced pressure to
give 0.347 g of product 2. MS (m/z): calcd for MH+ 199.27; found:
199.27.

4.1.2. 6-[3-(5-Carbethoxy-pentyloxy)-propyn-1-yl]-1-ethyl-4-
oxo-1,4-dihydro-quinoline-3-carboxylic acid ethyl ester (3)

1-Ethyl-6-iodo-4-oxo-1,4-dihydro-quinoline-3-carboxylic acid
ethyl ester (312.0 mg, 0.84 mmol), Cu(I)I (16.0 mg, 0.08 mmol)
and Et3N (4.1 ml, 29.40 mmol) were dissolved in dry MeCN
(10.0 ml). Solution was heated at 50 �C and draught by N2. After
20 min, Pd(II)PPh3Cl2 (18.0 mg, 0.03 mmol) and compound 2
(347.0 mg, 1.75 mmol) were added. Reaction mixture was stirred
at rt for 24 h, then solvent was evaporated and residue was parti-
tioned between EtOAc and water. Organic layer was washed with
satd aq NaCl (2 � 10 ml), dried (K2CO3) and evaporated at reduced
pressure to give 476.0 mg of product 3, which is used in the next
step without further purification. HRMS (ES) calcd for C25H31NO6

(M+H)+ 442.2230; found 442.2224.

4.1.3. 6-[3-(5-Carboxy-pentyloxy)-propyn-1-yl]-1-ethyl-4-oxo-
1,4-dihydro-quinoline-3-carboxylic acid (4)

To the solution of compound 3 (476.0 mg, 1.08 mmol) in THF
(5.5 ml) solution of NaOH (185.0 mg, 4.62 mmol) in water
(5.5 ml) was added and solution was heated at 80 �C for 2 h, than
stirred at rt for 12 h. Reaction mixture was partitioned between
EtOAc and water. Layers were separated, pH of aqueous adjusted
to 5.2 with 2 N HCl, than washed with DCM (3 � 20 ml). Organic
extracts were dried (K2CO3) and evaporated yielding 184.0 mg of
product 4, which is used in the next step without further purifica-
tion. HRMS (ES) calcd for C21H23NO6 (M+H)+ 386.1604; found
386.1589.

4.1.4. 400-O-{6-[3-(3-Carboxy-1-ethyl-4-oxo-1,4-dihydro-quino
line-6-yl)-propyn-2-yloxy]-hexanoyl}-azithromycin (8)

To the solution of compound 4 (184.0 mg, 0.48 mmol) in dry
DMF (6.0 ml), under nitrogen at 0 �C, EDAC � HCl, 131.8 mg,
0.69 mmol) was added and solution of 20-O-acetyl-azithromycine
(5, 237.3 mg, 0.30 mmol) in dry DCM was added dropwise. Finally,
to the reaction mixture DMAP (61.6 mg, 0.50 mmol) was added,
resulting suspension stirred at 0 �C for 3 h, than allowed to gradu-
ally reach rt over 24 h. Solvent was evaporated and residue was
partitioned between EtOAc and water. Organic layer was washed
with brine, dried (K2CO3) and evaporated to dryness at reduced
pressure to give 325.0 mg of crude intermediate. MS spectra con-
firmed structure of 20-O-acetyl derivative of 8. MS (m/z): calcd for
MH+ 1159.45; found: 1158.63.

To complete deacetylation, solution of crude 20-O-acetyl inter-
mediate (325.0 mg, 0.28 mmol) in MeOH (40.0 ml) was heated
55 �C for 12 h. Solvent was evaporated at reduced pressure, and
crude 8 was purified by low-pressure column chromatography with
solvent mixture DCM/MeOH/NH3 (90:5:0.5) to give 106.0 mg of
pure 8. HRMS (ES) calcd for C59H93N3O17 (M+H)+ 1116.6583; found
1116.6592.

4.1.5. 400-O-{6-[3-(3-Carboxy-1-ethyl-4-oxo-1,4-dihydroquinolin
-6-yl)-propoxy]-hexanoyl}-azithromycin (10)

To the solution of 8 (106.0 mg, 0.10 mmol) in EtOH (15.0 ml)
was added 10% Pd–C catalyst (14.0 mg) and stirred under hydrogen
(5 Barr) for 20 h. The catalyst was removed by filtration, filtrate
was concentrated and residual yellow oil (130.0 mg) was diluted
with hexane/EtOAc (10:1). The product was collected on filter,
washed with hexane/EtOAc (10:1) and dried to give compound
10 (51.0 mg) as yellow crystalline product. HRMS (ES) calcd for
C59H97N3O17 (M+H)+ 1120.6896; found 1120.6891.

4.1.6. 400-O-{6-[3-(3-Carboxy-1-ethyl-4-oxo-1,4-dihydro-quino
line-6-yl)-propyn-2-yloxy]-hexanoyl}-11-O-methyl-azithromy
cin (9)

Applying the same protocol as for the preparation of 8, com-
pound 9 was obtained from compound 20-O-Ac-11-O-methyl-azith-
romycin 632 (489.0 mg, 0.61 mmol) and compound 4 (280.0 mg,
0.73 mmol) in the presence of EDAC � HCl (268.0 mg, 1.40 mmol)
and DMAP (125.0 mg, 1.03 mmol). Crude product (750.0 mg) was
isolated by extraction as yellow oil by the same procedure as de-
scribed for compound 8.

To complete deacetylation, solution of oily 20-O-acetyl interme-
diate (750.0 mg, 0.64 mmol) in MeOH (50.0 ml) was heated 55 �C
for 12 h. Solvent was evaporated at reduced pressure, and crude
9 was purified by low-pressure column chromatography with sol-
vent mixture DCM/MeOH/NH3 (90:9:0.5) to give 66.0 mg of prod-
uct 9; HRMS (ES) calcd for C60H95N3O17 (M+H)+ 1130.6740;
found 1130.6698.
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4.1.7. 400-O-{6-[3-(3-Carboxy-1-ethyl-4-oxo-1,4-dihydro-quin
oline-6-yl)-propoxy]-hexanoyl}-11-O-Me-azithromycin (11)

Applying the same protocol as for the synthesis of compound
10, compound 11 was obtained from the compound 9 (55.0 mg,
0.05 mmol). Pure product 11 (50.0 mg) was obtained after filtra-
tion of catalyst and evaporation of organic solvent. HRMS (ES)
calcd for C60H99N3O17 (M+H)+ 1134.7053; found 1134.7024.

4.1.8. 400-O-{6-[3-(3-Carboxy-1-ethyl-4-oxo-1,4-dihydro-quin
oline-6-yl)-propyn-2-yloxy]-hexanoyl}-clarithromycin (12)

Applying the same protocol as for the synthesis of compound 8,
compound 12 was obtained from 20-O-acetyl clarithromycine (7,
233.0 mg, 0.30 mmol) and compound 4 (148.0 mg, 0.38 mmol) in
the presence of EDAC � HCl (132.0 mg, 0.69 mmol) and DMAP
(62.0 mg, 0.50 mmol). Pure product (302.0 mg) was isolated by
extraction as yellow oil by the same procedure as described for
compound 8.

To complete deacetylation, solution of 20-O-acetyl intermediate
(302.0 mg, 0.26 mmol) in MeOH (30.0 ml) was heated 50 �C for
12 h. Solvent was evaporated at reduced pressure, and crude prod-
uct was purified by low-pressure column chromatography with
solvent mixture DCM/MeOH/NH3 (90:9:1.5) to give 78.0 mg of
product 12. HRMS (ES) calcd for C59H90N2O18 (M+H)+ 1115.6267;
found 1115.6217.

4.1.9. 400-O-{6-[3-(3-Carboxy-1-ethyl-4-oxo-1,4-dihydro-quin
oline-6-yl)-propoxy]-hexanoyl}-clarithromycin (13)

To the solution of 12 (44.0 mg, 0.04 mmol) in EtOH (15.0 ml)
10% Pd–C catalyst (20.0 mg) was added, and stirred under hydro-
gen (5 Barr) for 20 h. The catalyst was removed by filtration and fil-
trate was concentrated. The residue diluted with mixture of
hexane/EtOAc (10:1), product was filtered, washed with the same
solvent mixture and dried to give compound 13 (15.0 mg) as yel-
low crystalline product. HRMS (ES) calcd for C59H94N2O18 (M+H)+

1119.6580; found 1119.6564.

4.1.10. 5-Propyn-2-yloxy-pentanoic acid ethyl ester (15)
To the solution of propargyl alcohol (1.0 ml, 17.2 mmol) in DMF

(10.0 ml) at 0 �C under N2 first was added NaH (0.69 g, 17.2 mmol)
then compound 14 (2.72 ml, 17.2 mmol). Reaction mixture was
stirred overnight at 50 �C, solvent was evaporated and residue par-
titioned between EtOAc and water. Organic layer was washed with
brine, dried (K2CO3) and evaporated to dryness at reduced pressure
to give 2.64 g of product 15. MS (m/z): calcd MH+ 185.24; found:
185.26.

4.1.11. 6-[3-(4-Ethoxycarbonyl-butoxy)-propyn-1-yl]-1-ethyl-4-
oxo-1,4-dihydro-quinoline-3-carboxylic acid ethyl ester (16)

1-Ethyl 6-iodo-4-oxo-1,4-dihydro.quinoline carboxylic acid
ethyl ester (1.0 g, 2.70 mmol), Cu(I)I (51.0 mg, 0.27 mmol) and
Et3N (13.1 ml, 94.5 mmol) were dissolved in dry MeCN (20.0 ml).
The solution was stirred at 50 �C under N2 for 20 min, then
Pd(II)PPh3Cl2 (57.0 mg, 0.08 mmol) and compound 15 (1.2 g,
3.24 mmol) were added. Solvent was evaporated and crude prod-
uct was partitioned between EtAc and water Organic layer was
washed with aq 5% NaCl and satd aq NaHCO3 dried over (K2CO3)
and evaporated. Crude product was purified by low-pressure col-
umn chromatography eluted with solvent mixture DCM/MeOH/
NH3 (90:9:0.5) to give 0.48 g of pure 16. HRMS (ES) calcd for
C24H29NO6 (M+H)+ 428.2073; found 428.2068.

4.1.12. 6-[3-(4-Carboxy-butoxy)-propyn-1-yl]-1-ethyl-4-oxo-
1,4-dihydro-quinoline-3-carboxylic acid (17)

To the solution of compound 16 (484.0 mg, 1.13 mmol) in THF
(5.0 ml) solution of NaOH (250.0 mg, 6.25 mmol) in water (5.0 ml
was added) and stirred, first at 80 �C for 2 h than at rt for 12 h.
The reaction mixture was partitioned between EtAc (20 ml) and
water (20 ml). The pH of aqueous layer was adjusted to 5.1 by
2 N HCl, than washed with DCM (3 � 20 ml). Organic extracts were
dried (K2CO3) and evaporated yielding 185.0 mg of yellow, oily
product 17, which is used in the next step without further purifica-
tion. HRMS (ES) calcd for C20H21NO6 (M+H)+ 372.1447; found
372.1438.

4.1.13. 400-O-{5-[3-(3-Carboxy-1-ethyl-4-oxo-1,4-dihydro-quin
oline-6-yl)-propoxy]-pentanoyloxy}-azithromycin (18)

To the solution of compound 17 (150.0 mg, 0.40 mmol) in dry
DMF (6.0 ml), EDAC � HCl (176.0 mg, 0.92 mmol) was added under
N2 at 0 �C, then dropwise solution of 20-O-acetyl-azithromycin (5,
380.0 mg, 0.48 mmol) in dry DCM (3.0 ml), and finally DMAP
(82.0 mg, 0.67 mmol). Suspension was stirred at 5 �C for 3 h, than
gradually heated to rt over 24 h. Solvent was evaporated and resi-
due was partitioned between EtOAc (20 ml) and water (20 ml). Or-
ganic layer was washed with brine, dried (K2CO3) and evaporated
at low pressure to yield 750.0 mg of product 18. MS (m/z): calcd
for MH+ 1145.41; found: 1145.20.

Solution of crude 20-O-acetyl-intermediate (750.0 mg, 0.65
mmol) in MeOH (50.0 ml) was stirred at 55 �C over 12 h. Solvent
was evaporated at low pressure, crude product was purified by
low-pressure column chromatography with the solvent mixture
DCM/MeOH/NH3 (90:9:0.5) to give 33.0 mg of pure 18. HRMS
(ES) calcd for C58H91N3O17 (M+H)+ 1102.6427; found 1102.6392.

4.1.14. 400-O-{5-[3-(3-Carboxy-1-ethyl-4-oxo-1,4-dihydro-quin
oline-6-yl)-propoxy]-pentanoyloxy}-azithromycin (19)

Hydrogenation of compound 18 (33.0 mg, 0.03 mmol) in EtOH
(20.0 ml) over 10% Pd–C (15.0 mg) at hydrogen pressure 5 bars
over 20 h afforded, after filtration of catalyst and evaporation of or-
ganic solvent, pure 19 (2.08 mg).

HRMS (ES) calcd for C58H95N3O17 (M+H)+ 1106.6740; found
1106.6678.

4.1.15. 400-O-{5-[3-(3-Carboxy-1-ethyl-4-oxo-1, 4-dihydro-quin
oline-6-yl)-propyn-2-yloxy]-pentanoyloxy}-clarithromycine
(20)

To the solution of compound 17 (185.0 mg, 0.50 mmol) in dry
DMF (8.0 ml), EDAC � HCl (220.0 mg, 1.15 mmol) was added under
N2 at 0 �C, then dropwise solution of 20-O-acetyl-clarithromycin (7,
475.0 mg, 0.60 mmol) in dry DCM (4.0 ml), and finally DMAP
(103.0 mg, 0.84 mmol). Suspension was stirred at 5 �C for 3 h, then
gradually heated to rt over 24 h. Solvent was evaporated and resi-
due was partitioned between EtOAc (10 ml) and water 6553333
(10 ml). Organic layer was washed with brine, dried (K2CO3) and
evaporated at low pressure to give 490.0 mg of 20-O-acetyl-inter-
mediate. MS (m/z): calcd for MH+ 1145.41; found: 1145.20.

Deacetylation of crude intermediate (490.0 mg, 0.43 mmol) was
completed in MeOH (70.0 ml) at 55 �C under stirring over 12 h. Sol-
vent was evaporated at low pressure, crude product was purified
by low-pressure column chromatography with the solvent mixture
DCM/MeOH/NH3 (90:9:0.5) to give 120.0 mg of product 20.

HRMS (ES) calcd for C58H88N2O18 (M+H)+ 1101.6110; found
1101.6100.

4.1.16. 400-O-{5-[3-(3-Carboxy-1-ethyl-4-oxo-1,4-dihydro-quin
oline-6-yl)-propoxy]-pentanoyloxy}-clarithromycine (21)

Hydrogenation of compound 20 (90.0 mg, 0.08 mmol) in EtOH
(20.0 ml) over 10% Pd–C (30.0 mg) at hydrogen pressure 5.0 bars
for 20 h afforded after filtration of the catalyst and evaporation
of organic solvent product 21 (70.0 mg). HRMS (ES) calcd for
C58H92N2O18 (M+H)+ 1105.6423; found 1105.6331.
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