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We describe in this work the synthesis of nine new fluoroquinolone derivatives based on modifications at
the C-7 position of the known fluoroquinolones cipro-, gati-, and moxifloxacin, as well as their antituber-
cular evaluation. The synthesis of these new analogues was improved using microwave irradiation, pro-
viding several advantages such as better yields and shorter reaction times, in comparison with classical
reaction conditions. Derivatives 4, 5, and 7 exhibited promising antitubercular activities.

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

Fluoroquinolones are nowadays an important class of antibacte-
rial agents, possessing a broad spectrum of activity against Gram-
positive, Gram-negative, and mycobacterial organisms, as well as
against anaerobes, including resistant strains.1 This class, which
belongs to the family of gyrase inhibitors, has several advantages
such as solubility, antimicrobial activity, prolonged serum half-life,
fewer adverse side effects, and both oral and parenteral routes of
administration.2 In the area of modern antibacterial chemotherapy,
these compounds, such as cipro-, gati-, and moxifloxacin
(Scheme 1), have several applications: they can be used to treat
complicated urinary tract infections, bacterial diarrhea, respiratory
infections, sexually transmitted diseases, osteomyelitis, and some
cases of wound infection. This class of compounds is also used in
veterinary diseases (poultry, bovine, porcine, rabbits, deer, and
fish).1 In this context, another recent and important application
of fluoroquinolones is in the treatment of tuberculosis (TB), a glo-
bal health problem responsible for 1.7 million deaths each year.
This contagious disease, caused by the bacterium Mycobacterium
tuberculosis has increased around the world due to AIDS, poor
socioeconomic conditions, immigration, the lack of new drugs on
the market, the appearance of multi-drug resistant (MDR) bacteria,
and more recently the emergence of extensively drug-resistant
ll rights reserved.

e Almeida).
(XDR) bacteria, commonly defined as strains resistant to all the
current first-line, as well as some second-line drugs.3,4 Currently,
fluoroquinolones are approved by WHO as second-line agents to
treat TB in patients with resistance or intolerance to first-line
anti-tuberculosis therapy.5 However, the potential of fluoroquino-
lones as first-line agents is still under investigation. Two fluoro-
quinolones, gatifloxacin and moxifloxacin (Scheme 1), are under
phase III clinical trials and are the most advanced compounds in
clinical development as new anti-TB drugs.6

Due to the promising perspective of fluoroquinolones for TB
treatment, as well as of other diseases, and in the context of our
interest in this field,7–11 the aim of this work was to synthesize
new analogues of cipro-, gati-, and moxifloxacin having carbohy-
drates coupled either to the free amine group of these compounds
or, starting from compound 1,12 via a diamine linker (Scheme 1).
The reason for using carbohydrates is due to their importance in
the cell wall of M. tuberculosis.13,14 The carbohydrates used in this
work are protected due to the composition of the cell wall of M.
tuberculosis, which over 60% of its dry weight is occupied by lipids
being important for the survival of this bacteria. For example, these
lipids are able to help to fight against hydrophobic drugs and dehy-
dration, and also allow this bacteria be more effective in the host’s
immune system by growing inside macrophages. In this context,
protected carbohydrates could facilitate the penetration of these
new fluoroquinolones through the cell wall. Diamines were chosen
as linkers due to the fact that they are pharmacophore groups
found in many antitubercular drugs including at the C-7 position

http://dx.doi.org/10.1016/j.carres.2010.01.016
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Scheme 1. Fluoroquinolone structures and their modification at the C-7 position.
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of cipro-, gati-, and moxifloxacin and in ethambutol,15,16 an impor-
tant first-line drug used in TB treatment (Scheme 1).

2. Results and discussion

2.1. Chemistry

The synthesis of the new fluoroquinolones 3–5 was based on
the coupling of 6-deoxy-6-iodo-1,2:3,4-di-O-isopropylidene-a-D-
galactopyranose (2)17 with cipro-, gati-, and moxifloxacin. The
reaction, conducted under high temperature (140 �C) in the pres-
ence of base (triethylamine 2–3 equiv) and for extended times
(24–48 h), led to the desired products with low yields in the
range of 30–40%. To solve this problem, one important improve-
ment in this synthesis was the utilization of microwave irradia-
tion, furnishing the fluoroquinolone analogues in better yields
(60–80%) and shorter time reaction times (20–45 min)
(Scheme 2).

Another example of the importance of microwave irradiation in
the synthesis of C-7-modified fluoroquinolones is demonstrated in
Scheme 3. In this case, the use of microwave irradiation was critical
for the success of the coupling reaction. Thus, reaction between
gatifloxacin and methyl 2,3,4-tri-O-acetyl-6-deoxy-6-iodo-a-D-
glucopyranoside (6)18,19 did not occur under classical reaction con-
ditions, even after eight days of reaction at 140 �C in the presence
of a strong base (2 equiv of NaH). However, using microwave irra-
diation, the product of condensation was observed after 30 min,
but in the case of gatifloxacin, the methyl group from the quino-
lone nucleus was lost as confirmed by HMBC experiments.

In addition to the synthesis of the new fluoroquinolones 3–5
and 7–9, analogues linked to the sugars by diamines were also pre-
pared. This was accomplished by an aromatic nucleophilic substi-
tution at the C-7 position of fluoroquinolone 112 by the sugar
derivatives 10–12, all previously prepared following literature pro-
cedures (Scheme 4).20,21 In this case the use of microwave irradia-
tion was not necessary, and the desired compounds were obtained
in satisfactory yields in the range of 47–56%.

2.2. Antimycobacterial activity

The antimycobacterial evaluation of derivatives 3–5, 7, 8, and
12–15 against M. tuberculosis ATTC 27294 was performed22 using
the micro plate Alamar Blue assay (MABA).23 This methodology is
nontoxic, uses thermally stable reagents and shows good correla-
tion with proportional and BACTEC radiometric methods.24,25

These tests were performed using the (NIH/NIAID) protocol,26

and the results are shown in Table 1. Derivatives 4, 5, and 7 exhib-
ited a promising inhibitory activity when compared with drugs
used as the positive control such as ciprofloxacin, gatifloxacin,
and moxifloxacin. In order to rationalize the observed activity, the-
oretical calculations were investigated for ciprofloxacin, gatifloxa-
cin, moxifloxacin, and compounds 3 and 7.



R Compound Reaction (140 oC)
Time (h) and Yield (%)

MW
Time (min) and Yield (%)

Ciprofloxacin 3 24 and 40 45 and 80

Gatifloxacin 4 48 and 32 20 and 60

Moxifloxacin 5 24 and 30 20 and 75
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Ciprofloxacin 7 Et3N (3) 8 and 30 3.5 and 63

Gatifloxacin 8 NaH (2) 8 and no reaction 0.5 and 30

Moxifloxacin 9 Et3N (2) 1 and 15 0.5 and 30

Scheme 3. Coupling of cipro-, gati-, and moxifloxacin with sugar derivative 6.
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Table 1
Antimycobacterial activity of fluoroquinolone derivatives

Compound no. MIC (lg/mL) IC50 (lm) IC90 (lm) % Growth inhibition

3 10 8.4 8.96 42.80
4 2.5 2.46 2.78 40.08
5 2.5 2.28 2.60 62.42
7 2.5 1.94 1.97 67.69
8 >10 N/A N/A �12.73
9 N/A N/A N/A N/A
13 >10 N/A N/A �12.99
14 >10 N/A N/A �17.61
15 >10 N/A N/A �10.89
Ciprofloxacin 0.6 — — —
Gatifloxacin 0.1 — — —
Moxifloxacin 0.1 — — —

Table 2
Mulliken atomic charges on atoms in e

Gatifloxacin Moxifloxacin Ciprofloxacin Compound
3

Compound
7

MIC 0.1 0.5 1 10 2.5
N1 �0.72 �0.72 �0.71 �0.71 �0.71
C2 0.11 0.11 0.11 0.11 0.11
H2 0.22 0.22 0.21 0.21 0.21
C3 0.03 0.03 0.02 0.02 0.02
C4 0.25 0.25 0.26 0.26 0.26
O1 �0.43 �0.43 �0.43 �0.43 �0.43
C4a 0.003 0.0004 0.02 0.02 0.02
C8a 0.37 0.37 0.34 0.34 0.34
C5 �0.18 �0.18 �0.19 �0.19 �0.19
H5 0.19 0.20 0.19 0.19 0.19
C6 0.26 0.26 0.26 0.26 0.27
F �0.33 �0.33 �0.33 �0.33 �0.33
C7 0.29 0.29 0.33 0.33 0.30
C8 0.19 0.20 �0.17 �0.17 �0.17
O8 �0.55 �0.55
H8 0.15 0.15 0.15
NAa �0.61 �0.64 �0.62 �0.62 �0.60
NBb �0.58 �0.56 �0.57 �0.49 �0.48
HB 0.27 0.29 0.29

a NA = N-fluoroquinolone.
b NB = N-sugar.
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2.3. Computational procedure

In this computational study, 1000 conformations of each struc-
ture were generated by a random search Monte Carlo method27

and optimized by PRCG molecular mechanics minimization28 using
the MACROMODEL (version 5.5) program29 with the MM2* force field.30

From these conformational searches, the most stable conforma-
tions were considered (Fig. 1). Ab initio gradient optimization of
these structures using the B3LYP/631G basis set31–34 have been
performed with GAUSSIAN 03 program.35 Mulliken atomic charges
were analyzed to gain insight about their role in modulating the
activity (Table 2).

In the present communication, the differences between our
studied compounds are the substitutions on the C-7 and C-8 car-
bon atoms. Earlier investigations36 demonstrated that the most
versatile position for substitution of quinolones has been C-7,
and that a cyclic system containing a secondary or tertiary amine
moiety is usually the best. The beneficial effects are usually be-
lieved to be enhanced potency and favorable pharmacokinetics.
An O-methyl group at C-8 often increases potency. Due to the pres-
ence of an O-methyl group at C-8, the Mulliken atomic charges on
the C-8a carbon atom are greater for gatifloxacin and moxifloxacin
(+0.37) than for ciprofloxacin, and compounds 3 and 7 (+0.34).

Moreover, it is noteworthy that the Mulliken atomic charges on
the C-7 carbon atom is smaller for gatifloxacin, moxifloxacin, and
Figure 1. The most stable conformations for
compound 7 (+0.29 to +0.30) than for ciprofloxacin and compound
3 (+0.33), and that the Mulliken atomic charges on NA nitrogen
atom is smaller for compound 7 (�0.60) than for ciprofloxacin
and compound 3 (�0.62).

Further studies are underway to extend this work to a greater
number and diversity of fluoroquinolones, which will serve to fur-
ther improve the above-mentioned observations.

3. Experimental

All reagents and solvents were reagent grade unless otherwise
stated and were used without prior purification. The optical rota-
tion measurements were conducted on a JASCO P-1010 polarime-
ter. Melting points were measured in capillary tubes with a Buchi
B-540 apparatus and are uncorrected. The IR spectra were acquired
ciprofloxacin and compounds 3 and 7.
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on a Perkin–Elmer BX FTIR spectrophotometer as liquid films (neat)
and only significant peaks were recorded. 1H NMR (300 or
500 MHz) and 13C NMR (75 or 125 MHz) spectra were recorded
on solutions in CDCl3 on a Bruker spectrometer. The high-resolution
mass spectra were recorded on a Micromass LCT spectrometer, with
electrospray ionization, at the Institut de Chimie des Substances
Naturelles at Gif-sur-Yvette, France. The experiments were per-
formed using a domestic microwave oven (Newtech� MO1180,
2450 MHz) specially modified for organic synthesis.

3.1. General procedure for the synthesis of compounds 3–9

The fluoroquinolones gati-, moxi-, and ciprofloxacin (0.5 mmol)
in 8.0 mL of PhCN were treated with Et3N or 60% NaH (2.0 mmol
for gatifloxacin and moxifloxacin and 3.0 mmol for ciprofloxacin),
and the mixtures were solubilized by sonication and heating. The
iodo deoxysugar derivatives 6-deoxy-6-iodo-1,2:3,4-di-O-isopro-
pylidene-a-D-galactopyranose (2, 1.0 mmol) and methyl 2,3,4-tri-
O-acetyl-6-deoxy-6-iodo-a-D-glucopyranoside (6, 1.3 mmol) were
added to the solution. The reaction mixture was then microwaved,
and the reaction time was optimized for only one microwave pulse
of 30 min, except for the ciprofloxacin derivative 7, which required
seven 30-min microwave pulses. The compounds were purified by
column chromatography (CH2Cl2–MeOH), except for compound 9
which required purification in the dark by thin-layer chromatogra-
phy (CH2Cl2–MeOH). The diastereomers of gatifloxacin derivative 8
were separated by UPLC–MS (for MS characterization) using an
HSS C18 column (1.8 lm, 2.1 � 50 mm). The compounds were
eluted isocratically with water (HCO2H, 0.1%, v/v)/acetonitrile
(HCO2H, 0.1%, v/v), (70:30 v/v). The flow rate was fixed at
0.6 mL/min. Compounds 3–9 were obtained in 30–80% yields.

3.1.1. Physicochemical data for 1-cyclopropyl-7-[4-(6-deoxy-1,
2:3,4-di-O-isopropylidene-a-D-galactopyranos-6-yl)-1-pipera-
zinyl]-6-fluoro-1,4-dihydro-4-oxo-3-quinolinecarboxylic acid (3)

Mp 172–174 �C; ½a�20
D �45.5 (c 1.0, CHCl3); IR (neat, cm�1): 1725,

1626, 1466, 1256, 1067. 1H NMR (300 MHz, CDCl3): d 1.18 (m, 2H,
Hc-Pr); 1.36 (m, 6H, CH3); 1.38 (m, 2H, Hc-Pr); 1.46 (s, 3H, CH3); 1.55
(s, 3H, CH3); 2.62 (d, 1H, J = 13.5, H60); 2.76 (m, 4H, CH2N); 2.85 (dd,
1H, J = 13.5 and 8.3, H600) 3.37 (m, 4H, CH2N); 3.54 (tt, 1H, Hc-Pr,
J = 7.2; 3.6); 4.01 (m, 1H, H50); 4.22 (dd, J = 8.0 and 1.4, H40); 4.33
(dd, J = 4.9 and 2.5, H20); 4.62 (dd, J = 7.7 and 2.2, H30); 5.59 (d,
J = 4.9, H10); 7.33 (d, J = 7.1, H8); 7.94 (d, J = 13, H5); 8.71 (s, 1H,
H2); 15.02 (COOH). 13C NMR (75 MHz, CDCl3): d 8.4 (2 � CH2c-Pr);
24.6, 25.0, 26.1, 26.2 (4 � CH3i-Pr); 35.4 (CHc-Pr); 49.8 (2 � CH2N);
53.0 (2 � CH2N); 58.0 (C-60); 65.3 (C-50); 70.5 (C-20); 71.0 (C-30);
72.7 (CH-40); 96.8 (C-10); 104.8 (d, J8-F 3.3, C-8); 108.2 (Ci-Pr);
108.6 (C-3); 109.5(Ci-Pr); 112.4 (d, J5-F 24.1, C-5); 119.7 (d, J7-F

8.4, C-7); 139.2 (C-8a); 146.1 (C-4a); 147.5 (C-2); 153.8 (d, Jc6-F

249.5, C-6); 167.2 (COOH); 177.2 (C-4); HRESIMS: m/z calculated
for C29H37FN3O8 (M+H)+ 574.2565, found 574.2560.

3.1.2. Physicochemical data for (±)-1-cyclopropyl-7-[4-(6-
deoxy-1,2:3,4-di-O-isopropylidene-a-D-galactopyranos-6-yl)-3-
methyl-1-piperazinyl]-6-fluoro-1,4-dihydro-8-methoxy-4-oxo-
3-quinolinecarboxylic acid (4)

Mp 195–198 �C; IR (neat, cm�1): 1728, 1617, 1441, 1242, 1066 ;
1H NMR (500 MHz, CDCl3): d 1.00 (m, 2H, Hc-Pr); 1.15–1.21 (b, 5H,
CHCH3; 2xH, Hc-Pr); 1.34 (s, 3H, CH3i-Pr); 1.35 (s, 3H, CH3i-Pr); 1.47
(s, 3H, CH3i-Pr); 1.54 (s, 3H, CH3i-Pr); 2.67–2.77 (b, 3H, CH2N,
CHpiperazinyl); 3.04–3.13 (b, 3H, CH2N, H60 or H600); 3.43 (b, 3H, CH2N,
H60 or H600); 3.75 (s, 1.5H, OMe); 3.77 (s, 1.5H, OMe) 3.99- 4.03 (m,
2H, H50, CHc-Pr); 4.26–4.33 (b, 2H, H40, H20); 4.62 (m, 1H, H30); 5.55
(d, 0.5H, J = 5.0, H10); 5.57 (d, 0.5H, J = 5.0, H10) 7.85 (d, 1H, J = 12.0,
H5); 8.79 (s, 1H, H2); 14.80 (COOH); 13C NMR (125 MHz, CDCl3): d
9.6–9.9 (CH2c-Pr); 9.8 (CH2c-Pr); 24.7–26.3 (4 � CH3i-Pr); 40.7 (CHc-
Pr); 51.2–53.6 (3xCH2N); 55.6 (CHpiperazinyl); 57.3 (C-60); 64.8 (C-
50); 70.7–71.0 (C-20, C-30); 72.8 (C-40); 96.9 (C-10); 107.7–109.4 (Ci-

Pr, C-5, C-3, Ci-Pr); 121.7 (C-7); 134.2 (C-8a); 140.0 (C-4a) 150.0 (C-
2); 156.2 (C-6); 166.9 (COOH); 177.2 (C-4)); HRESIMS: m/z calcu-
lated for C31H41FN3O9 (M+H)+ 618.2827, found 618.2823.

3.1.3. Physicochemical data for 1-cyclopropyl-7-[(4aS,7aS)-1-
(6-deoxy-1,2:3,4-di-O-isopropylidene-a-D-galactopyranos-6-yl)-
octahydro-6H-pyrrolo[3,4-b]-pyridin-6-yl]-6-fluoro-1,4-
dihydro-8-methoxy-4-oxo-3-quinolinecarboxylic acid (5)

Mp 196.5–198 �C; ½a�20
D �129.6 (c 1.0, CHCl3); IR (neat, cm�1):

1726, 1619, 1434, 1253, 1067; 1H NMR (300 MHz, CDCl3): d 0.87
(s, 3H, CH3i-Pr); 1.11 (m, 2H, Hc-Pr); 1.26 (m, 2H, Hc-Pr); 1.32 (s,
3H, CH3i-Pr); 1.33 (s, 3H, CH3i-Pr); 1.52 (s, 3H, CH3i-Pr); 1.58–184
(m, 4H, H40, H50); 2.28 (m, 1H, H30); 2.36–2.46 (m, 2H, H600 or 600 0,
H40a); 2.84–2.91 (m, 2H, H600 or 600 0, H30); 2.98 (m, 1H, H70a); 3.33
(m, 1H, H10); 3.55 (s, 3H, OMe); 3.75–3.82 (m, 1H, H60); 3.89–3.95
(m, 2H, H500, H10); 3.97–4.03 (m, 2H, CHc-Pr, H60); 4.16 (dd, 1H, J8.0
and 1.4, H400); 4.27 (dd, 1H, J = 4.9 and 2.5, H200); 4.48 (dd, 1H,
J = 7.9 and 2.3, H300); 5.50 (d, 1H, J = 5.1, H100); 7.78 (d, J = 13.9,
H5); 8.75 (s, 1H, H2); 15.13 (COOH); 13C NMR (75 MHz, CDCl3): d
8.9, 10.4 (2 � CH2c-Pr); 22.1 (C-50); 23.5 (C-40); 24.2, 25.1, 26.0,
26.3 (4 � CH3i-Pr); 37.8 (C-40a); 40.7 (CHc-Pr); 52.6 (C-30); 53.5 (C-
10); 54.9 (C-60); 55.0 (C-600); 60.9 (OMe); 63.0 (C-70a); 65.1 (C-500);
70.7 (C-200, C-300); 71.7 (C-400); 96.7(C-100); 107.8 (d, J5-F 22.0, C-5);
108.6 (C-3, Ci-Pr); 109.0 (Ci-Pr); 117.5 (d, J7-F 8.6, C-7); 134.7 (C-
8a); 137.8 (C-4a); 140.0 (C-8); 149.6 (C-2); 153.6 (d, J6-F 250.7, C-
6); 167.4 (COOH); 176.7 (C-4)); HRESIMS: m/z calculated for
C33H43FN3O9 (M+H)+ 644.2983, found 644.2980.

3.1.4. Physicochemical data for 1-cyclopropyl-6-fluoro-1,4-
dihydro-7-[4-(methyl 2,3,4-tri-O-acetyl-6-deoxy-a-D-glucopyra-
nosid-6-yl)-1-piperazinyl]-4-oxo-3-quinolinecarboxylic acid (7)

Mp 115–118 �C; ½a�20
D +71.7 (c 0.5, CHCl3); IR (neat, cm�1): 1746,

1626, 1454, 1222, 1034; 1H NMR (500 MHz, CDCl3): d 1.19 (m, 2H,
CH2c-Pr); 1.39 (CH2c-Pr); 2.00, 2.04, 2.07 (3 � CH3Ac); 2.57 (m, 1H,
H60); 2.62 (m, 1H, H60); 2.67 (m, 2H, CH2N-Gluc); 2.82 (m, 2H,
CH2N-Gluc); 3.34 (m, 4H, 2 � CH2N-FQ); 3.43 (s, 3H, OMe); 3.54
(m, 1H, CHc-Pr); 3.99 (m, 1H, H-50); 4.87 (dd, J200-100 3.2, J200-300 10.0,
H20); 4.92 (m, 1H, H10); 5.10 (m, 1H, H40); 5.47 (m, 1H, H30); 7.33
(d, 1H, J8-F 6.0, H-8); 7.93 (d, 1H, J = 12.8, H5); 8.71 (m, 1H, H2);
15.00 (COOH); 13C NMR (125 MHz, CDCl3): d 8.4 (2 � CH2c-Pr);
20.8, 20.9, 21.0 (3 � CH3Ac); 35.5 (CHc-Pr); 40.9, 50.0 (2 � CH2N);
54.0 (2 � CH2N); 55.7 (OMe); 58.3 (C-60); 67.9 (C-50); 70.4 (C-30);
70.7 (C-40); 71.1 (C-20); 96.9 (C-10); 104.9 (C-8); 108.2 (C-3); 112.4
(d, J5-F 23.6, C-5); 119.8 (d, J7-F 7.6, C-7); 139.2 (C-8a); 146.0 (d,
J4a-F 10.3, C-4a); 147.5 (C-2); 153.8 (d, J6-F 252,0, C-6); 167.2
(COOH); 169.9, 170.3, 170.4 (3 � OCOCH3); 177.2 (C-4); HRESIMS:
m/z calculated for C34H43FN3O12 (M+H)+ 656.2232, found 656.2233.

3.1.5. Physicochemical data for (±)-1-cyclopropyl-6-fluoro-1,4-
dihydro-8-hydroxy-7-[3-methyl-4-(methyl 2,3,4-tri-O-acetyl-6-
deoxy-a-D-glucopyranosid-6-yl)-1-piperazinyl]-4-oxo-3-quin-
olinecarboxylic acid (8)

IR (neat, cm�1): 1746, 1605, 1454, 1224, 1041; 1H NMR
(500 MHz, CDCl3): d 1.17 (m, 2H, CH2c-Pr); 1.25 (s, 3H, CHCH3);
1.28 (m, CH2c-Pr); 2.02, 2.07, 2.09 (3 � CH3Ac); 2.63 (br s, 4H,
CH2N, H-60); 2.85 (br s, 3H, CH2N, CHpiperazinyl); .3.15 (br s, 2H,
H60); 3.47 (s, 3H, OMe); 4.02 (m, 1H, H-50); 4.20 (br s, 1H, CHc-Pr);
4.87 (m, 1H, H20); 4.92 (m, 1H, H10); 5.00 (m, 1H, H40); 5.49 (m,
1H, H30); 7.68 (d, 1H, J = 11.5, H5); 8.80 (m, 1H, H2); 14.66 (COOH);
13C NMR (125 MHz, CDCl3): d 10.0 (2 � CH2c-Pr); 20.9, 21.0
(3 � CH3Ac); 41.0 (CHc-Pr); 51.3 (2 � CH2N); 53.6 (2 � CH2N); 55.9
(OMe); 57.9 (C-60); 67.2 (C-50); 70.2–71.2 (C-30, C-40, C-20); 96.9
(C-10); 103.1 (d, J5-F 22.4, C-5); 107.3 (C-3); 127.0 (d, J7-F 9.2,
C-7); 147.1 (d, J4a-F 7.1, C-4a); 149.0 (C-2); 159.2 (d, J6-F 254.3,
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C-6); 166.9 (COOH); 169.9, 170.3, 170.2 (3 � OCOCH3); 177.2 (C-4);
HRESIMS: m/z calculated for C31H39FN3O12 (M+H)+ 664.2494,
found 664.2493.

3.1.6. Physicochemical data for 1-cyclopropyl-6-fluoro-1,4-
dihydro-8-methoxy-7-[(4aS,7aS)-1-(methyl 2,3,4-tri-O-acetyl-6-
deoxy-a-D-glucopyranosid-6-yl)-octahydro-6H-pyrrolo[3,4-
b]pyridin-6-yl]-4-oxo-3-quinolinecarboxylic acid (9)

Mp 124.5–127 �C; ½a�20
D +29.6 (c 0.52, CHCl3); IR (neat, cm�1):

1747, 1619, 1445, 1227, 1047; 1H NMR (500 MHz, CDCl3): d 1.01
(m, 1H, CH2c-Pr); 1.17 (m, 1H, CH2c-Pr); 1.60–1.80 (m, 4H, H40, H50),
1.98, 2.00, 2.05 (3s, 3 � CH3Ac); 2.37 (m, 1H, H40a); 2.48–2.52 (m,
1H, H30); 2.61 (m, 2H, H600); 2.84 (m, 1H, H30); 3.20 (br s, 1H, H70a);
3.38 (s, 3H, OMe); 3.58 (br s, 5H, OMe; H10; H30); 3.71 (br s, 1H,
H10) 3.79 (m, 1H, H10); 3.87 (m, 1H, H500); 4,01 (m, 1H, CHc-Pr),
4.76 (dd, 1H, J = 3.4 and 10.0, H200); 4.83 (m, 1H, H100); 4.89 (m,
1H, H400); 5.39 (m, 1H, H300); 7.81 (d, 1H, J5-F 13.8, H5); 8.78 (s, 1H,
H2); 15.11 (COOH); 13C NMR (125 MHz, CDCl3): d 9.52, 9.93
(2 � CH2c-Pr); 20.9 (3 � CH3Ac); 23.0 (C-50); 23.9 (C-40); 37.6 (C-
40a); 40.7 (CHc-Pr); 51.5 (C-60); 52.4 (C-10); 54.3 (C-30); 55.6
(OMe); 56.2 (C-600); 61.1 (OMe); 62.9 (C-40a); 69.0 (C-500); 70.4
(C-300); 71.0 (C-200,C-400); 96.7 (C-100); 107.9 (d, J5-F 23.6, C-5);
108.1 (C-3); 117.5 (C-7); 134.7 (C-8a); 137.7 (d, J4a-F 12.0, C-4a);
140.6 (C-8); 149.8 (C-2); 153.7 (d, J6-F 250.4, C-6); 167.4 (COOH);
169.9, 170.3, 170.4, (3 � OCOCH3); 176.9 (C-4); HRESIMS: m/z cal-
culated for C34H43FN3O12 (M+H)+ 704.2831, found 704.2830.

3.2. General procedure for the preparation of alkyl galacto-
pyranose fluoroquinolone derivatives 13–15

A solution of 1-cyclopropyl-6,7-difluoro-1,4-dihydro-8-meth-
oxy-4-oxo-3-quinolinecarboxylic acid (1, 0.5 mmol), 6-(2-amino-
ethylamino, 3-aminopropylamino or 4-aminobutylamino)-6-
deoxy-1,2:3,4-di-O-isopropylidene-a-D-galactopyranose (0.5 mmol)
and Et3N (0.5 mmol) in 10 mL of CH3CN was refluxed for 72 h.
The solvent was removed to give a residue that was chromato-
graphed on silica gel (CH2Cl2–MeOH) to furnish the desired com-
pounds 13, 14, or 15 in 47%, 52%, and 56% yield, respectively.

3.2.1. Physicochemical data for 1-cyclopropyl-7-[N-(6-deoxy-
1,2:3,4-di-O-isopropylidene-a-D-galactopyranos-6-yl-amino-
ethylamino)]-6-fluoro-1,4-dihydro-8-methoxy-4-oxo-3-quin-
olinecarboxylic acid (13)

Mp 80–83 �C; ½a�20
D �19.4 (c 1.26, CHCl3); IR (neat, cm�1): 1725,

1620, 1442, 1254, 1067; 1H NMR (300 MHz, CDCl3): d 1.02 (m, 2H,
CH2c-Pr); 1.20 (m, 2H, CH2c-Pr); 1.33 (m, 6H, CH3i-Pr); 1.44 (s, 3H,
CH3i-Pr); 1.53 (s, 3H, CH3i-Pr); 2.85 (dd, 1H, J = 12.7 and 3.6, H60);
2.96–3.03 (m, 3H, H60, CH2N); 3.66 (m, 2H, CH2N); 3.74 (s, 1H,
OMe); 3.97 (m, 2H, H50, CHc-Pr); 4.20 (dd, 1H, J8.0 and 1.9, H40);
4.33 (dd, 1H, J5.0 and 2.2, H20); 4.61 (dd, 1H, J7.9 and 2.3, H30);
5.47 (m, 1H, NH); 5.53 (d, J = 5.0, H10); 7.84 (d, 1H, J = 12.5); 8.75
(s, 1H, H2); 13C NMR (75 MHz, CDCl3): d 9.7, 9.8 (2 � CH2c-Pr);
24.5, 25.1, 26.1, 26.2 (4 � CH3i-Pr); 39.8 (CHc-Pr); 44.2 (CH2N);
48.9 (CH2N); 49.0 (C-60); 61.6 (OMe); 66.7 (C-50); 70.7 (C-20);
71.0 (C-30); 72.0 (C-40); 96.6 (C-10); 107.6 (C-3); 108.5 (d, J5-F

22.5 Hz, C-5); 108.8 (Ci-Pr); 109.6 (Ci-Pr); 117.2 (d, J7-F 7.5, C-7);
133.4 (C-8a); 137.8 (C-4a); 149.6 (C-2); 151.3 (d, J6-F 247.0, C-6);
167.0 (COOH); 177.0 (C-4); HRESIMS: m/z calculated for
C28H37FN3O9 (M+H)+ 578.2514, found 578.2519.

3.2.2. Physicochemical data for 1-cyclopropyl-7-[N-(6-deoxy-
1,2:3,4-di-O-isopropylidene-a-D-galactopyranos-6-yl-
aminopropylamino)]-6-fluoro-1,4-dihydro-8-methoxy-4-oxo-
3-quinolinecarboxylic acid (14)

Mp 104–107 �C; ½a�20
D �10.3 (c 0.93, CHCl3); IR (neat, cm�1):

1725, 1620, 1443, 1255, 1068; 1H NMR (500 MHz, CDCl3): d 1.02
(m, 2H, CH2c-Pr); 1.21 (m, 2H, CH2c-Pr); 1.32 (s, 3H, CH3i-Pr); 1.33
(s, 3H, CH3i-Pr); 1.44 (s, 3H, CH3i-Pr); 1.58 (s, 3H, CH3i-Pr); 2.04 (m,
2H, CH2CH2N); 3.10 (m, 4H, 2H60 and CH2N); 3.70 (m, 2H, CH2N);
3.75 (s, 3H, OMe); 3.98 (m, 1H, CHc-Pr); 4.15 (m, 1H, H50), 4.23
(dd, 1H, J7.8, H40); 4.34 (dd, 1H, J = 4.8 and 1.9, H20); 4.63 (dd, 1H,
J = 7.7 and 2.0, H30); 5.68 (m, 1H, NH); 5.49 (d, J = 4.6, H10); 7.82
(d, 1H, J12.2); 8.74 (s, 1H, H2). 13C NMR (125 MHz, CDCl3): d 9.8
(2 � CH2c-Pr); 24.4, 25.0, 26.1, 26.2 (4 � CH3i-Pr); 28.7
(CH2CH2CH2N); 39.8 (CHc-Pr); 43.6 (CH2N); 46.9 (CH2N); 48.9 (C-
60); 61.8 (OMe); 65.4 (C-50); 70.5 (C-20); 70.9 (C-30); 71.8 (C-40);
96.4 (C-10); 107.5 (C-3); 108.5 (d, J22.9, C-5); 109.2 (Ci-Pr); 109.8
(Ci-Pr); 117.2 (d, J7-F 7.5, C-7); 133.4 (C-8a); 137.6 (C-4a); 149.6
(C-2); 151.2 (d, J6-F 247.0, C-6); 167.3 (COOH); 177.0 (C-4); HRE-
SIMS: m/z calculated for C29H39FN3O9 (M+H)+ 592.2670, found
592.2668.

3.2.3. Physicochemical data for 1-cyclopropyl7-[N-(6-deoxy-
1,2:3,4-di-O-isopropylidene-a-D-galactopyranos-6-yl-
aminobutylamino)]-6-fluoro-1,4-dihydro-8-methoxy-4-oxo-3-
quinolinecarboxylic acid (15)

Mp 108–109 �C; ½a�20
D �15.9 (c 0.98, CHCl3); IR (neat, cm�1):

1725, 1620, 1443, 1253, 1068; 1H NMR (500 MHz, CDCl3): d 1.02
(m, 2H, CH2c-Pr); 1.21 (m, 2H, CH2c-Pr); 1.32 (s, 3H, CH3i-Pr); 1.33
(s, 3H, CH3i-Pr); 1.44 (s, 3H, CH3i-Pr); 1.54 (s, 3H, CH3i-Pr); 1.73 (m,
4H, CH2CH2CH2N); 2.83 (CH2N); 2.92 (m, 1H, H60); 2.92 (m, 1H,
H60); 3.0 (m, 1H, H60); 3.56 (m, 2H, CH2N); 3.72 (s, 3H, OMe); 3.97
(m, 1H, CHc-Pr); 4.00 (m, 1H, H50); 4.21 (d, 1H, J = 7.9, H40); 4.33
(dd, 1H, J = 5.0 and 2.2, H20); 4.61 (dd, 1H, J = 7.5 and 1.8, H30);
4.86 (m, 1H, NH); 5.53 (d, 1H, J = 5.0, H10); 7.84 (d, 1H, J = 12.5);
8.75 (s, 1H, H2). 13C NMR (125 MHz, CDCl3): d 9.8 (2 � CH2c-Pr);
24.5, 25.1, 26.1, 26.2 (4 � CH3i-Pr); 26.4 and 28.6 (CH2CH2CH2N);
39.8 (CHc-Pr); 45.3 (CH2N); 48.9 (CH2N); 49.3 (C-60); 61.5 (OMe);
66.1 (C-50); 70.7 (C-20); 71.0 (C-30); 72.0 (C-40); 96.5 (C-10); 107.6
(C-3); 108.6 (d, J5-F 22.1 Hz, C-5); 109.0 (Ci-Pr); 109.6 (Ci-Pr); 117.2
(d, J7-F 8.3, C-7); 133.4 (C-8a); 137.6 (C-4a); 149.6 (C-2); 151.1 (d,
J6-F 246.2, C-6); 167.3 (COOH); 177.1 (C-4); HRESIMS: m/z calcu-
lated for C30H41FN3O9 (M+H)+ 606.2827 found 606.2822.

4. Conclusions

In this work we have reported the synthesis of nine new ana-
logues of cipro-, gati-, and moxifloxacin condensed with sugar
derivatives, together with their antitubercular evaluation showing
MICs between 2.5 and 10 lg/mL. The preparation of compounds 3–
5 and 7–9 was improved using microwave irradiation. This method
showed advantages in comparison with classical reaction condi-
tions, such as better yields and shorter reaction times. Derivatives
4, 5, and 7 exhibited a promising inhibitory activity when com-
pared with drugs used as positive controls.
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