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3-[(2,2,6,6-Tetramethylpiperidine-4-ylimino)methyl]rifamycin (4) and spin-labeled rifamycin-3-[(2,2,6,6-
tetramethyl-1-oxyl-piperidine-4-ylimino)methyllrifamycin (1) were prepared. The structures of these
compounds were determined by IR, UV, MS and 'H NMR of 4. The ESR-spectrum of 1 is a symmetric
triplet signal, characteristic of nitroxyl radicals, g =2.0025. An in vitro comparative study of the cyto-
toxicity and antitumor activity of 1, 4 and the initial 3-formyl-rifamycin was carried out in concentrations
from 0.1 to 0.001 mM on cells before and after oxidative stress (preliminary irradiation 7Gy) on
MH3924A-hepatoma rat cells, 293 transformed human fibroblasts, NBK transformed human fibroblasts
and HT 1080 human fibrosarcoma. The compounds showed a cytostatic effect to 85%, with 1 being
less toxic in the hepatoma cell line. In human melanoma cell lines 1 showed a higher toxicity than 4.
All the derivatives (1 and 4) have in vitro antibacterial activity comparable with that of rifampicin.

1. Introduction

Chemotherapy of tuberculosis is indicated in the case of dis-
ease, as well as in latent tuberculosis infection. Standard
medication for drug-susceptible tuberculosis consists of iso-
niazid and rifampicin for the first two months with additional
pyrazinamide and ethambutol treatment. Attention must be
paid to the side effects of antituberculosis medications.
Rifampicin is an antibiotic with a broad spectrum of anti-
bacterial activity against gram(+) and gram(—) bacteria in-
cluding Mycobacterium tuberculosis (Greinert and Zabel
2003), Staphylococcus aureus and Mycobacterium leprae
(Dhople and Namba 2003; Davies and Yew 2003).

The mechanism of action of rifamycin and its derivatives
has been investigated (Magnarin et al. 2004; Giraldi and
Decorti 2004; Ferguson et al. 2001; Steffek et al. 2003), as
well as the relationship between the chemical structure and
the action of these products. It was found that during the
metabolism of the latter, oxygen radicals are formed and
some authors attribute the high hepatotoxicity of rifamycin
and its derivatives to these radicals (Kukielka and Ceder-
baum 1992; Rao and Cederbaum 1997). Using diphenylpi-
cryl hydrazil, it was found that some derivatives of rifamy-
cin possess radical-scavenging properties (Karunakar et al.
2003). The high general toxicity of rifamycin (Apseloff
2003) has led to the synthesis of many new derivatives, by
introducing different active groups such as hydrazine (Mar-
sili et al. 1982), semicarbazide and many others into the ri-
famycin molecule. The possibilities of combined action
with other preparations (Greinert and Zabel 2003) have
been investigated, as well as incorporation into liposomes
(Vyas et al. 2004) and nanoparticles (Skidan et al. 2003).

It is known that the inclusion of a nitroxyl radical, i.e. a ra-
dical-scavenger, into the molecules of bioactive compounds
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(spin-labeled compounds) leads to a decrease of their gener-
al toxicity, without changing their activity. The presence of
a free electron in these compounds makes them free radicals
or spin-labeled compounds. Examples are the spin-labeled
compounds obtained in the series of N-mustards (Raikova
1977; Raikova et al. 1982), aziridines (Sosnovsky 1990), ni-
trosoureas (Raikov et al. 1985; Raikov etal. 1990), tria-
zenes (Raikov et al. 1993) and some antibiotics (Hsia and
Piette 1979; Emanuel et al. 1985).

These facts prompted us to synthesize a new spin-labeled
rifamycin — 3-[(2,2,6,6-tetramethyl-1-oxyl-piperidine-4-yli-
mino)methyl]rifamycin (1) through direct interaction of
3-formyl-rifamycin (2) with 4-amino-tetramethylpiperidine-
1-oxyl (3).

In the present study, we describe the results of the synthesis
and some properties of 1 and 3-[(2,2,6,6-tetramethylpiperi-
dine-4-ylimino)methyl]rifamycin (4). An in vitro compara-
tive study of the cytotoxic effects of the newly synthesized
derivatives in different types of transformed and tumor cells
was also carried out. The antimicrobial activity of the com-
pounds is also described.

2. Investigations and results
2.1. Synthesis of the compounds

The route of synthesis and structures of the spin-labeled ri-
famycin (SLR) 1 and its amine 4 are shown in Scheme 1.
UV-VIS data in methanol and IR data in KBr of the com-
pounds are given in Tables 1 and 2.

The IR-spectrum of 1 shows characteristic band at
1399 cm~! for N*—O groups.

The ESR-spectrum of 1 has a symmetrical triplet signal,
similar to that of the nitroxyl radicals g = 2.0025 (Fig. 1).
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Scheme 1
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Table 1: UV-VIS data for compounds in methanol

Compd. Nm € (1/Mcm) nm ¢ (1/Mcm) nm € (1/Mcm) nm € (I/Mcm)
2 235 17340 — — 330 8375 490 5675
4 240 34800 — — 320 11090 490 8696
1 230 34960 280 22795 358 11100 510 4845
Table 2: IR data (cm™!) for compounds in KBr

Frequence

4 1 Lit. Data™
v —O—H 3587-3167 3735-3180 3500-3000
v —CH,,—CHj3 2970-2880 3125-2880 2930
v —C=0 1715, 1701, 1682 1718, 1680 1730, 1715
v —C=N 1652 1654 1670
v —C=C— 1575-1540 1570-1540 1570
v —C-N 1470-1324 1458-1300 1400
v —C-0-C 1260-1018 1260-1019 1255-1020
v —N-O 1399

* (Galo and Radaell 1974)

Fig. I: ESR-spectrum of 1 in methanol at 80 K, mod. 2.5 G, t.c. 100 us,

sc.t. 200 s
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Fig. 2: USAN numbering of compound 4
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Table 3: 'H NMR-data for 4 in CDCl;
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H-atom 8 (m) J (Hz) d (ppm)”
CH= (38) 8.14 s 8.22
CH; (13) 1.80 s 1.82
CH; (14) 2.28s 2.23

H (17,18) 6.2;6.7m 10-12 6.3, 6.8
H (19) 5.94 dd 5-11 5.92

H (20) 2.27 ddq 5-10 2.26

H 21) 3.70 dd 2-7 3.78
OH (21, 23) 3.15; 4.5 bs 32,42
H (22) 1.73 ddq 5-10 1.70

H (23) 3.07 dd 5-12 3.04

H (24) 1.55 ddq 3-7 1.52

H (25) 4.98 dd 5-8 4.96

H (26) 1.23 ddq 2-6 1.22

H 27) 3.57 dd 5-7 3.58

H (28) 4.92 dd 5-9 5.00

H (29) 6.22d 9-12 6.20
CH3 (30) 1.96 s 2.10
CHs (31) 0.89 d 7 0.88
CH; (32) 1.00 d 10 1.01
CH; (36) 2.00 s 2.06
CHj3 (37) 323s 3.05
CH; (44-47) 1.24m 2-5 -

CHj, (40, 43) 2.8-32m 3-5 2.9-33

* (Galo and Radaell 1974)

The results of the '"H NMR spectrum of compound 4 are

shown according to USAN numbering (Fig. 2) and are ta-

bulated in Table 3.

The major fragments in the MS spectra of 1 and 4 are

represented in Schemes 2 and 3.

Scheme 2

2.2. Cytotoxicity of compounds 1, 4 and 2

Compounds 2 and 1 showed no differences in their cyto-
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case of oxidative stress. However, the spin-labeled deriva-
tive of rifamycin had a two fold reduction in toxicity on
the rat hepatoma cell line. Cytotoxicity of 1, 4 and 2 be-
fore oxidative stress is shown in Fig. 3. The cells were
treated with the indicated concentrations of the respective
compounds and cell survival was measured 3 days later
by MTT. Calculations are based on taking the same
amount of DMSO without substance added as 100%.

Cytotoxicity of 1, 2 and 4 after oxidative stress (7 Gy irradia-
tion) is shown in Fig. 4. The cell survival was measured in
the same way as in Figure 3 but the cells were irradiated as
indicated prior to the application of the respective com-
pounds.

70%
60 %
120% = 50%-
>
100% g 40% 80.0ImM
5] - = 30% 30.1mM
2 80% 1 ONBK 3 0%
::‘; 1] . OMH 20%
P 60% m293T
8 40% - BHT1080 10%
| —
209% H 0%
1 4
0%
]gl\l/[ ‘;‘g/l 0lmM2 0.ImM4 0.ImMI1 Fig. 5: Human melanoma cell lines (Carney) treated with 1 and 4
Fig. 3: Cytotoxicity of 1, 2 and 4 before oxidative stress
100%
90%
120% 80% 4
100% T; 70%
g 2 60% 4
g 80% E ool B0.0ImM
2 60% @293T = B0.1mM
2 BHT1080 g 40%1
8 40% 30% +——]
20% - 20%
0.01mM 7Gy Irr. 0.001mM 0.01mM 0.01mM 0% ‘
DMSO 2+Irr. 4+Irr. 1+4Irr. 1 4
Fig. 4: Cytotoxicity of 1, 4 and 2 after oxidative stress (7 Gy irradiation) Fig. 6: Human melanoma cell lines (Aderhold) treated with 1 and 4
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Table 4: In vitro antibacterial activity of representative rifamycin derivatives

Compd. MIC mg/ml
S. aureus Strept. Strept. Pseudomonas Escherchia Klebsiella Proteus Mycobacterium
tour L165 faecalis pyogenes aerug. coli pneumoniae vulgaris tuberculosis Hz;Rv
1 0.048 0.36 0.28 10 >10 10 10 0.01
4 0.063 0.51 0.41 >20 >10 10 20 0.02
2 0.085 0.73 0.53 >20 >10 >20 >20 0.04
Rifampicin 0.008 0.28 0.31 5 5 2.7 10 0.01

Compounds 1 and 4 were used for treating the Carney and
Aderhold human melanoma cell lines at concentrations of
0.01 and 0.1 mM. Results are shown in Figs. 5 and 6.

2.3. Microbiological activity

Derivatives 1 and 4 have in vitro antibacterial activity com-
parable with that of rifampicin. The in vitro antibacterial ac-
tivities of the compounds 1 and 4 against several Gram-po-
sitive and Gram-negative bacterial species was compared
with those of 2 and rifampicin. Against Mycobacterium tu-
berculosis, 1 and 4 were more active than the comparators 2
(initial rifamycin) and rifampicin (Table 4).

Compound 1 may be noted among the three compounds
tested as having the highest antimicrobial activity. It sur-
passed 2 and 4 in the tests with each of the screened mi-
crobial species. Compound 1 displays activity identical to
that of rifampicin as regards Mycobacterium tuberculosis,
Proteus vulgaris and both Streptococci (Streptococcus fae-
calis and Streptococcus pyogenes).

2.4. Toxicity

Groups of five male and five female mice received a single
i.p. dose of compound 1 suspended in 0.5% Methocel K15
Premium (Dow Chemical). The LDsy with 95% confidence
limits was calculated from the mortality data using probit
analysis. In the mouse, the LDsy; of compound 1 was
361.1 mg/kg, compared with rifampicin 287.7 mg/kg; spin
labeled rifamycin showed a lower toxicity than rifampicin.

3. Discussion

Numerous studies on spin labeled (SL) compounds show
that their properties differ to a great extent from those of
their initial analogues. For example, many SL-antitumor
compounds have been proved to possess a high antitumor
effect, broad spectrum of anticancer activity and relatively
low general toxicity in comparison to that of their diamag-
netic analogues. Spin-labeled derivatives of the anthracycli-
nic antibiotics, actinomycin (Hsia and Piette 1979) and rubo-
mycin (Emanuel et al. 1985) have also been synthesized.

The free nitroxyl radical, present in the rubomycin mole-
cule, significantly decreases the cardiotoxicity of this com-
pound and increases its antitumor activity. It is worth
mentioning that spin-labeled rubomycin has a different
spectrum of anticancer activity, as compared to its unla-
beled (diamagnetic) analogue. Spin-labeled rubomycin
suppresses the growth of melanoma B¢ and adenocarcino-
ma 755, while solid transplantation tumors seem not to be
sensitive to rubomycin. In this case, stable free radicals in
the rubomycin molecule probably serve as radical scaven-
gers towards unstable toxic radicals, formed during the
metabolism of this drug (Emanuel et al. 1985). Further-
more, spin-labeled compounds, such as tetracycline and
others, also acquire antimelanoma activity (Pezesch and
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Pezesch 1992). It has been shown that '*C rifamycin accu-
mulates in melanin-containing tissues (Boman 1975).

The penetration of rifamycin and isoniazid derivatives in li-
posome membranes has been studied by 'H NMR and it was
found that isoniazid is located on the membrane surface,
while rifamycin penetrates deeply into them (Boman 1975).
By means of ESR, similar studies could also be carried
out with 1, and in that way its penetration through mem-
branes, such as those of tuberculosis and other bacteria,
can be investigated. In view of the special features of these
waxy and relatively hard to penetrate membranes, 1 can
provide highly valuable data on their properties.

Our studies showed that 1 possesses an antitumour activity
with respect to fibrosarcoma, which has been previously
shown in investigations with spin-labeled derivatives of
other substances (Gnewuch and Sosnovsky 1997). The
lower toxicity of 1 to hepatoma cells deserves further stu-
dies in normal human hepatocytes as well as in vivo, in
order to establish whether this rifamycin derivative has a
reduced hepatotoxicity. As expected from the above data,
the spin-labeling of rifamycin also seems to improve its
antimelanoma activity.

These first results with 1 will inspire future investigations of
the antitumour effect of the compound on a wider spectrum
of tumour cells in different concentrations and conditions.
Last but not least, the presence of a nitroxyl radical will pro-
vide the opportunity to use it in the field of magnetic reso-
nance imaging (MRI) for pharmacokinetic studies.

4. Experimental

4.1. Reagents and equipment

4-Amino-2,2,6,6-tetramethyl-piperidine (5) and the other reagents used
were of high purity grade from Sigma Aldrich. 4 and 1 were obtained by
direct synthesis.

All the UV-VIS spectra were recorded on Specord UV-VIS (Germany) and
Unicam SP-800 spectrophotometers in methanol solution with concentra-
tion 4.107> mol/l and d 0.5 cm. A BOMEM-Michelson 100 FTIR spectro-
photometer was used to conduct all the IR spectroscopy experiments. The
IR spectra were obtained using KBr tablets of the compounds. The NMR
spectra of 4 were produced using a 400 AMX Bruker spectrometer in de
DMSO solution. MS E:/TSQ-DATA were used to determine the molecular
weight of each drug sample. The results were interpreted and reported as
the relative abundance of fragments.

4.2. Synthesis of the compounds
4.2.1. 3-[(2,2,6,6-Tetramethylpiperidine-4-ylimino)methyl Jrifamycin (4)

0.73 g (1 mM) of 3-formyl-rifamycin were dissolved in 30 ml ethyl acetate.
To this solution, 0.16 g (1 mM) of 5 in 10 ml ethyl acetate were added at
room temperature with continuous stirring for 2.5 h. Upon cooling hexane
was added and the solution was cooled to —10 °C for 24 h. The precipitate
obtained was collected by filtration as an orange-red powder (0.76 g, 89.1%)
m.p. 171-172 °C. TLC R¢ = 0.43 (silica gel, CHCI3/CH30H (8 : 2)).
Cy47HesN3012

4.2.2. 3-[(2,2,6,6-Tetramethyl-1-oxyl-piperidine-4-ylimino )methyl [rifamycin
@

0.73 g (1 mM) of 3-formyl-rifamycin were dissolved in 20 ml butyl acet-
ate/hexane (1:1). To this solution, 0.2 g (1.2 mM) of 3 in 10 ml butyl acet-
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ate were added at room temperature with continuous stirring for 2 h. The
color of the solution changed from red to deep violet. Upon cooling hex-
ane was added and the solution was cooled to —20 °C for 24 h. The pre-
cipitate obtained was collected by filtration as a violet powder (0.73 g,
82.9%). TLC Ry = 0.37 (silica gel, CHCI;/CH30H (8:2)).

The crude product was dissolved in 5 ml of a mixture of CHCIl3/CH3;0H
(8:2) and subjected to flash (column) chromatography on silica gel, which
was eluted with CHCI3/CH30H (8:2). After evaporation under vacuum at
25 °C deep violet crystals of 1 were optained.

C47HaN3013

4.3. Cell strains used

MH3924A-hepatoma rat cells, 293 transformed human fibroblasts, NBK
transformed human fibroblasts and HT 1080 human fibrosarcoma were ob-
tained from ATCC. All cell lines were cultured in RPMI medium
(MH3924A, referred to in the text as MH) or DMEM (MBK, MH293T,
HT1080) supplemented with 10% Fetal Calf Serum.

4.4. Gamma-irradiation

Gamma-irradiation of 7 Gy was performed in a Gammacell 1000 gamma
irradiator for the induction of oxidative stress.

4.5. Cytotoxicity assay

An MTT (3.4,5-dimethylthiazolyl-2)-2,5-diphenyltetrazolium bromide) as-
say in a 96 well plate was performed to test the viability of the cells.
Briefly, 20 ul of a 5 mg/ml MTT solution in PBS were added to each well.
After 3 h incubation of the cells with MTT at 37 °C, the culture medium
was aspirated and the plates were dried for 15 min. Isopropanol was added
to dissolve the colored reaction product, and the optical density was meas-
ured using an ELISA reader at 570 nm. For cell culture treatment 2, 4 and
1 were dissolved in DMSO and adjusted to the indicated (see legends to
Figures) final concentrations in the culture medium.

4.6. Microbiological activity

Minimal inhibitory concentration (MIC) was determined by the serial two-
fold dilution technique in Difco Antibiotic medium No3 with 15%o of Dif-
co Agar for Gram-positive and Gram-negative bacteria and Difco Bacto-
Dubos Albumin Broth for Mycobacterium tuberculosis Hz;Rv. The MICs
were the lowest concentrations of the antibiotic which prevented any visi-
ble growth after 1 day (M. tuberculosis) incubated at 37 °C for 7 days.
Other species were incubated at 37 °C for 18—24 h.

Acknowledgements: We are most indebted to Prof. Dr. Wolf-Dieter Leh-
mann (Zentral Spectrometrie DKFZ, Heidelberg) for the mass spectro-
metric analysis and Prof. D. Schadendorf (DKFZ Heidelberg) for the hu-
man melanoma cell lines Aderhold and Carney.

References

Apseloff G (2003) Severe neutropenia among healthy volunteers given rifa-
butin in clinical trials. Clin Pharmacol Ther 74: 591-592.

Boman G (1975) Tissue distribution of '*C-rifampicin. II. Accumulation in
melanin containing structures. Acta Pharmacol Toxicol (Copenh.) 36:
267-283.

Davies PD, Yew WW (2003) Recent developments in the treatment of tu-
berculosis. Expert Opin Investig Drugs 12: 1297-1312.

Dhople A M, Namba K (2003) In vitro activity of sitafloxacin (DU-6859
a), either singly or in combination with rimfampin analogs, against My-
cobacterium leprae. J Infect Chemother 9: 12-15.

66

Emanuel NM, Konovalova NP, Diatchkovskaya RF (1985) Potential anti-
cancer agents-nitroxyl derivatives of rubomycin. Neoplasma 32: 285—
292.

Ferguson AD, Kodding J, Walker G, Bos C, Coulton JW, Diederichs K,
Braun V, Welte W (2001) Active transport of an antibiotic rifamycin
derivative by the outer-membrane protein FhuA. Structure (Camb.) 9:
707-716.

Galo GG, Radaell P (1974) Rifamycin. Anal. Profiles of Drug Substances
9: 467.

Giraldi T, Decorti G (2004) Rifampicin and verapamil induce the expres-
sion of P-glycoprotein in vivo in Ehrlich ascites tumor cells. Cancer Lett
205: 107-115.

Gnewuch CT, Sosnovsky GA (1997) Critical appraisal of the evolution of
N-nitrosoureas as anticancer drugs. Chem Rev 97: 829-1013.

Greinert U, Zabel P (2003) Tuberculosis — current therapeutic principles.
Internist 44: 1394—-1405.

Hsia YC, Piette LH (1979) In: Berliner LY (ed.) Spin-labelling. II. Theory
and Application; Acad. Press, New York, p. 274.

Karunakar N, Prabhakar MC, Krishna DR (2003) Determination of antiox-
idant activity of some drugs using high-pressure liquid chromatography.
Arzneim.-Forsch 53: 254-259.

Kukielka E, Cederbaum A (1992) Stimulation of microsomal production of
reactive oxygen intermediates by rifamycin SV: effect of ferric com-
plexes and comparisons between NADPH and NADH. Arch Biochem
Biophys 298: 602-611.

Magnarin M, Morelli M, Rosati A, Bartoli F, Candusio L, Giraldi T, Dec-
orte G (2004) Induction of proteins involved in multidrug resistance (P-
glycoprotein, MRP1, MRP2, LRP) and CYP3A4 by rifampicin in LLC-
PK1 cells. Eur J Pharmacol 483: 19-28.

Marsili L, Franceschi G, Gioia B, Oronzo G, Schioppacassi G, Vigevani A
(1982) Novel rifamycins. I. Synthesis and antibacterial activity of 3-hy-
drazinorifamycin derivatives. Il Farmaco [Sci] 37: 641-650.

Pezesch KA, Pezesch KV (1992) Spectroscopic and biological studies of
spin labeled tetracycline. Life Sci 50: 1561-1565.

Raikov Z, Todorov D, Ilarionova M, Demirov G, Tsanova Ts, Kaffalieva
D (1985) Synthesis and study of spin-labeled nitrosoureas. Cancer Bio-
chem Biophys 7: 343-348.

Raikov Z, Zheleva A, Raikova E (1990) Activation of the anticancer drug
CCNU into a free radical intermediate via UV irradiation: an ESR-study.
Free Radic Biol Med 9: 423-426.

Raikov Z, Gadzheva V, Koch M, Kolar G (1993) Synthesis of spin-labeled
triazenes. Org Prep Procedures Int 25: 473-477.

Raikova ET (1977) Synthesis and properties of spin-labeled nitrogen mus-
tard and spin-labelling of DNA. Compt Rend Bulg Acad Sci 30: 1779—
1783.

Raikova E, Ivanov I, Kaffalieva D, Demirov G, Raikov Z (1982) Spin-la-
belling of DNA with hydrazine mustard spin-label (HMSL). Int J Bio-
chem 14: 41-46.

Rao DN, Cederbaum AA (1997) Comparative study of the redox-cycling
of a quinone (rifamycin SV) and quinonimine (rifabutin) antibiotic by
rat liver microsomes. Free Radic Biol Med 22: 439-446.

Skidan IN, Gel’perina SE, Severin SE, Guliaev AE (2003) Enhanced activity
of rifampicin loaded with polybutyl cyanoacrylate nanoparticles in relation
to intracellularly localized bacteria. Antibiot Khimioter 48: 23-26.

Sosnovsky G (1990) The quest for a predictive design of anticancer drugs.
Pure Appl Chem 62: 289-294.

Steffek M, Newton GL, Av-Gay Y, Fahey RC (2003) Characterization of
Mycobacterium tuberculosis mycothiol S-conjugate amidase. Biochemis-
try 42: 12067-12076.

Vyas SP, Kannan ME, Jain S, Mishra V, Singh P (2004) Design of liposo-
mal aerosols for improved delivery of rifampicin to alveolar macro-
phages. Int J Pharm 269: 37-49.

Pharmazie 63 (2008) 1



