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The synthesis and structural determination of a number of new rhodomycin derivatives,

modified in the sugar part are described. The cytotoxicity against leukemic L1210 cells of these

compounds is reported, along with β-rhodomycinone and two regioisomers of the above

compounds, which were isolated during the synthetic procedure.

The anthracycline quinone antibiotics doxorubicin (I,

Figure 1) and daunomycin (II, Figure 1) are powerful

antitumor agents and are extensively used in the

chemotherapy of a wide range of human cancers.1)

However, their clinical effectiveness is limited, due to a

number of undesired side-effects, the most serious being

the dose-related cardiotoxicity and the ability to induce

multidrug resistance (MDR).2,3) On the other hand the

rhodomycins, which bear structural similarities to the

anthracyclines, have limited clinical applicability, due to

their strong toxicities.4,5) Oxaunomycin (III, Figure 1)

showed very strong cytotoxicity against murine leukemia

L1210 cells, being 100-fold more active than doxorubicin

and was found to possess a significant antitumor effect in

some experimental tumors.6) However, it was considered

too toxic for further development.

As precursors of reactive quinone methides, many

natural and synthetic quinones function as bioreductive

alkylating agents and have antitumor activity.7-10) The

cytotoxicity of quinones may be due to two competing

mechanisms: soft electrophilic arylation and redox cycling

oxidation.11-13) However, most quinone antitumor agents

used clinically, such as anthracycline antibiotics, mitomycin

C and benzoquinone derivatives, have a complex chemical

structure with a number of active functional groups and

the exact contribution of the quinoid ring to their

antitumor activity remains uncertain.14-17) The anthacycline

antibiotics I and II covalently bind to and intercalate with

DNA, inhibit DNA replication and RNA transcription, are

DNA topoisomerase II poisons, induce DNA breakage and

chromosomal aberrations, produce oxidative stress and

damage biomembranes, trigger apoptosis and have a wide

spectrum of anticancer activity.14-22)

The discovery of less toxic rhodomycins has renewed

interest in the preparation of novel derivatives, as potential

antitumor agents. It should be noted that, in contrast to the
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lead compounds I, II or III, some new anthracycline and

rhodomycin analogs with increased lipophilicity may

remain active against MDR tumor sublines.23-25) As part of

our continuing search for new anthracyclines, with an

improved pharmacological profile, we report here the

results of our studies on a number of new rhodomycin

derivatives.

Material and Methods

General Remarks
1H -NMR spectra and 2-D spectra were recorded on a

Bruker Avanche 400 instrument, whereas 13C-NMR specra

were recorded on a Bruker AC 200 spectrometer in

deuterated solvents and were referenced to TMS (δ scale).

The signals of 1H and 13C spectra were unambiguously

assigned by using 2D NMR techniques: COSY. HMQC and

HMBC. Mass spectra were recorded with a Nermag R

10-10C spectrometer using ES-MS techniques. Flash

chromatography was performed on Merck silica gel 60

(0.040-0.063mm). Analytical thin layer chromatography

(TLC) was carried out on precoated (0.25mm) Merck silica

gel F-254 plates.

General Method of Glycosidation

To a stirred solution of the glycosyl donors (0.190mmol)

and molecular sieves 4A (300mg) in dry CH2Cl2

(6ml) and dry Et2O (2ml), was added trimethylsilyl
trifluoromethanesulfonate (0.154mmol) under argon at

-40℃. The mixture was stirred for 1 hour at -5℃ and

then cooled to -15℃ and a solution of β-rhodomycinone

or 10-O-acetyl-β-rhodomycinone (0.059mmol) in dry

CH2Cl2 (2ml) was added. After being stirred for 12 hours

under the same conditions, the mixture was poured into

a stirred mixture of AcOEt (10ml) and saturated aqueous

NaHCO3 (3ml). The organic layer was separated, dried

over Na2SO4 and concentrated in vacuo. The rhodomycin

glycosides were purified by preparative TLC (CH2Cl2/
MeOH 99/1 or 98/2).

Deprotection of Phenylboronate Derivatives of

Compounds 17 and 18

The boronate derivative (0.035mmol) was dissolved in a

mixture of CH2Cl2 (3ml)/Me2CO (2ml)/AcOH (0.05 ml),

and 2-methyl-2,4-pentanediol (0.1ml) was added. After

being stirred for 6 hours at room temperature the reaction

mixture was washed with saturated aqueous NaHCO3 and

extracted with CH2Cl2. The organic layer was separated,

dried over Na2SO4 and concentrated in vacuo. Compounds

17 and 18 were purified by preparative TLC (CH2Cl2/

MeOH 99/1 or 98/2).

10-O-Acetyl-7-O-(3-chloro-4-trifluoroacetamido-2,3,6-

trideoxy-α-L-lyxo-hexopyranosyl) Rhodomycinone (11)

Syrup, Yield: 56%, 1H-NMR (400MHz, CDCl3) δ: 13.4

(1H, s, OH-11), 12.9 (1H, s, OH-6), 12.0 (1H, s, OH-4),
7.88 (1H, d, J=8.0Hz, H-1), 7.71 (1H, t, J=8.0Hz, H-2),

7.31 (1H, d, J=8.0Hz, H-3), 6.42 (IH, d, J=9.0Hz, NH),

6.27 (1H, s, H-10), 5.47 (1H, d, J=3.8Hz, H-1'), 5.13

Fig. 1.
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(1H, dd, J=4.2/1.5Hz, H-7), 4.48 (1H, m, H-3'), 4.38

(1H, d, J=9.0Hz, H-4'), 4.22 (1H, m, H-5'), 3.48 (1H,
s, OH-9), 2.28 (1H, d, J=14.8Hz, H-8a), 2.22 (1H, dd,

J=13.4/5.2Hz, H-2'a), 2.05-2.00 (4H, m, CH3COO-10/H-

8b), 1.92 (1H, td, J=13.4/3.8Hz, H-2'b), 1.76 (1H, m, H-

13a), 1.48 (1H, m, H-13b), 1.18 (3H, d, J=6.3Hz, H-6'),

1.03 (3H, t, J=7.3Hz, H-14). 13C-NMR (50MHz, CDCl3)

δ: 191.2 (C-5), 186.3 (C-12), 169.2 (CH3COO-10), 162.8

(C-4), 157.0 (C-11), 156.0 (C-6), 137.6 (C-2), 135.1

(C-6a), 134.3 (C-10a), 133.3 (C-12a), 125.1 (C-3), 119.9

(C-1), 115.8 (C-4a), 111.9 (C-5a/C-11a), 100.4 (C-1'), 71.6

(C-7/C-9), 70.5 (C-5'), 67.3 (C-10), 54.6 (C-3'), 52.4 (C-
4'), 35.1 (C-2'), 32.0 (C-8), 29.0 (C-13), 20.7 (CH3COO-

10),17.2 (C-6'), 6.40 (C-14). ES-MS m/z: 695 (M+Na).

10-O-Acetyl-7-O-(4-O-acetyl-3-bromo-2,3,6-trideoxy-α-

L-arabino-hexopyranosyl) Rhodomycinone (12)

Syrup, Yield: 63%, 1H-NMR (400MHz, CDCl3) δ: 13.2

(1H, s, OH-11), 12.9 (1H, s, OH-6), 12.0 (1H, s, OH-4),
7.92 (1H, d, J=7.8Hz, H-1), 7.74 (1H, t, J=7.8Hz, H-2),

7.34 (1H, d, J=7.8Hz, H-3), 6.27 (1H, s, H-10), 5.36 (1H,

d, J=3.5Hz, H-1'), 5.16 (1H, dd, J=4.2/1.8Hz, H-7), 4.93

(1H, t, J=9.4Hz, H-4'), 4.11-4.03 (2H, m, H-3'/H-5'),
3.56 (1H, s, OH-9), 2.56 (1H, dd, J=13.2/5.2Hz, H-2'a),

2.45-2.30 (2H, m, H-8a/H-2'b), 2.24-1.90 (7H, m,

CH3COO-4'/CH3COO-10/H-8b), 1.81 (1H, m, H-13a),

1.49 (1H, m, H-13b), 1.26 (3H, d, J=6.3Hz, H-6'), 1.04

(3H, t, J=7.2Hz, H-14). 13C-NMR (50MHz, CDCl3) δ:

189.8 (C-5), 186.1 (C-12), 169.8 (CH3COO-4'), 169.0

(CH3COO-10), 162.5 (C-4), 157.4 (C-11), 156.0 (C-6),
137.4 (C-2), 135.2 (C-6a), 134.7 (C-10a), 133.3 (C-12a),

125.0 (C-3), 119.9 (C-1), 115.8 (C-4a), 112.0 (C-5a/C-

11a), 100.6 (C-1'), 76.4 (C-4'), 71.3 (C-7/C-9), 68.7 (C-5'),

66.6 (C-10), 45.3 (C-3'), 41.1 (C-2'), 31.9 (C-8), 28.9 (C-

13), 20.9 (CH3COO-4'), 20.4 (CH3COO-10), 17.3 (C-6'),

6.14 (C-14). ES-MS m/z: 686 (M+Na).

10-O-Acetyl-7-O-(4-O-acetyl-3-chloro-2,3,6-trideoxy-α-

L-arabino-hexopyranosyl) Rhodomycinone (13)

Syrup, Yield: 51%, 1H-NMR (400MHz, CDCl3) δ: 13.4

(1H, s, OH-11), 12.8 (1H, s, OH-6), 12.1 (1H, s, OH-4),
7.86 (1H, d, J=8.1Hz, H-1), 7.70 (1H, t, J=8.1Hz, H-2),

7.30 (1H, d, J=8.1Hz, H-3), 6.25 (1H, s, H-10), 5.41 (1H,

d, J=3.4Hz, H-1'), 5.15 (1H, dd, J=4.0/1.4Hz, H-7), 4.82

(1H, t, J=9.8Hz, H-4'), 4.15-3.90 (2H, m, H-3'/H-5'),
3.63 (1H, s, OH-9), 2.36 (1H, d, J=15.1Hz, H-8a), 2.31

(1H, dd, J=13.2/4.9Hz, H-2'a), 2.20-1.95 (8H, m,
CH3COO-4'/CH3COO-10/H-8b/H-2'b), 1.76 (1H, m, H-

13a), 1.48 (1H, m, H-13b), 1.24 (3H, d, J=6.0Hz, H-6'),

1.04 (3H, t, J=7.3Hz, H-14). 13C-NMR (50MHz, CDCl3)

δ: 191.0 (C-5), 186.0 (C-12), 170.1 (CH3COO-4'), 169.2

(CH3COO-10), 162.7 (C-4), 157.2 (C-11), 156.0 (C-6),
137.4 (C-2), 135.4 (C-6a), 134.5 (C-10a), 133.3 (C-12a),

125.0 (C-3), 119.9 (C-1), 116.0 (C-4a), 112.0 (C-5a/C-

11a), 101.1 (C-1'), 76.3 (C-4'), 71.5 (C-7/C-9), 68.1 (C-5'),

67.0 (C-10), 54.8 (C-3'), 40.1 (C-2'), 32.1 (C-8), 29.0 (C-

13), 20.9 (CH3COO-4'), 20.8 (CH3COO-10), 17.5 (C-6'),

6.42 (C-14). ES-MS m/z: 642 (M+Na).

10-O-Acetyl-7-O-(4-O-acetyl-3-azido-2,3,6-trideoxy-α-

L-lyxo-hexopyranosyl) Rhodomycinone (14)

Syrup, Yield: 57%, 1H-NMR (400MHz, CDCl3) δ: 13.4

(1H, s, OH-11), 12.8 (1H, s, OH-6), 12.0 (1H, s, OH-4),
7.82 (1H, d, J=7.8Hz, H-1), 7.67 (1H, t, J=7.8Hz, H-2),

7.26 (1H, d, J=7.8Hz, H-3), 6.24 (1H, s, H-10), 5.53 (1H,

d, J=2.9Hz, H-1'), 5.22-5.17 (2H, br s, H-7/H-4'), 4.26

(1H, q, J=6.4Hz, H-5'), 3.69 (1H, m, H-3'), 3.65 (1H, s,
OH-9), 2.35 (1H, d, J=15.1Hz, H-8a), 2.18 (3H, s,

CH3COO-4'), 2.02 (3H, s, CH3COO-10), 2.20'-1.90 (3H,

m, H-8b/H-2'a/H-2'b), 1.75 (1H, m, H-13a), 1.47 (1H, m,

H-13b), 1.19 (3H, d, J=6.4Hz, H-6'), 1.02 (3H, t,

J=7.3Hz, H-14). 13C-NMR (50MHz, CDCl3) δ: 190.8

(C-5), 185.9 (C-12), 170.4 (CH3COO-4'), 169.1 (CH3COO-
10), 162.6 (C-4), 157.3 (C-11), 156.1 (C-6), 137.4 (C-2),

135.6 (C-6a), 134.7 (C-10a), 133.2 (C-12a), 124.9 (C-3),

119.8 (C-1), 115.7 (C-4a), 112.1 (C-5a/C-11a), 101.3 (C-

1'), 71.4 (C-9), 71.2 (C-7), 69.8 (C-4'), 66.9 (C-10), 66.3

(C-5'), 54.4 (C-3'), 32.0 (C-8), 29.6 (C-2'), 29.1 (C-13),
20.9 (CH3COO-4'), 20.7 (OH3COO-10), 16.6 (C-6'), 6.42

(C-14). ES-MS m/z: 648 (M+Na).

10-O-Acetyl-7-O-(4-O-acetyl-3-azido-2,3,6-trideoxy-α-

L-arabino-hexopyranosyl) Rhodomycinone (15)

Syrup, Yield: 55%, 1H-NMR (400MHz, CDCl3) δ: 13.4

(1H, s, OH-11), 12.8 (1H, s, OH-6), 12.0 (1H, s, OH-4),
7.86 (1H, d, J=8.0Hz, H-1), 7.70 (1H, t, J=8.0Hz, H-2),

7.30 (1H, d, J=8.0Hz, H-3), 6.25 (1H, s, H-10), 5.45 (1H,

d, J=3.0Hz, H-1'), 5.17 (1H, br s, H-7), 4.69 (1H, t,

J=9.6Hz, H-4'), 4.02 (1H, m, H-5'), 3.69 (1H, s, OH-9),

3.65 (1H, m, H-3'), 2.37 (1H, d, J=15.0Hz, H-8a), 2.20

(1H, dd, J=13.2/4.4Hz, H-2'a), 2.11 (3H, s, CH3COO-4'),
2.04 (4H, m, CH3COO-10/H-8b), 1.90-1.40 (3H, H-

13a/H-13b/H-2'b), 1.21 (3H, d, J=6.2Hz, H-6'), 1.04 (3H,

t, J=7.3Hz, H-14). 13C-NMR (50MHz, CDCl3) δ: 191.0

(C-5), 186.1 (C-12), 170.1 (CH3COO-4'), 169.2 (CH3COO-
10), 162.8 (C-4), 157.4 (C-11), 156.2 (C-6), 137.5 (C-2),

137.5 (C-6a), 134.7 (C-10a), 133.4 (C-12a), 125.0 (C-3),

119.9 (C-1), 115.9 (C-4a), 112.2 (C-5a/C-11a), 100.9 (C-

1'), 75.2 (C-4'), 71.6 (C-7/C-9), 67.3 (C-5'), 67.1 (C-10),

54.5 (C-3'), 35.5 (C-2'), 32.2 (C-8), 29.1 (C-13), 21.0
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(CH3COO-4'), 20.9 (CH3COO-10), 17.3 (C-6'), 6.51 (C-
14). ES-MS m/z: 648 (M+Na).

10-O-Acetyl-7-O-(4-O-acetyl-3-trifluoracetamido-2,3,6-

trideoxy-α-L-arabino-hexopyranosyl) Rhodomycinone (16)

Syrup, Yield: 64%, 1H-NMR (400MHz, CDCl3) δ: 13.5

(1H, s, OH-11), 13.0 (1H, s, OH-6), 12.2 (1H, s, OH-4),
7.90 (1H, d, J=7.8Hz, H-1), 7.72 (1H, t, J=7.8Hz, H-2),

7.32 (1H, d, J=7.8Hz, H-3), 6.60 (1H, d, J=7.4Hz, NH),

6.28 (1H, s, H-10), 5.43 (1H, d, J=3.8Hz, H-1'), 5.17 (1H,

dd, J=4.4/1.7Hz, H-7), 4.59 (1H, t, J=9.9Hz, H-4'),

4.25-4.10 (2H, m, H-5'/H-3'), 3.60 (1H, s, OH-9),

2.44-2.36 (2H, m, H-8a/H-2'a), 2.09 (3H, s, CH3COO-4'),

2.04 (4H, m, CH3COO-10/H-8b), 1.82-1.72 (2H, m, H-

13a/H-2'b), 1.48 (1H, m, H-13b), 1.27 (3H, d, J=6.14Hz,

H-6'), 1.06 (3H, t, J=7.2Hz, H-14). 13C-NMR (50MHz,

CDCl3) δ: 191.2 (C-5), 186.1 (C-12), 172.3 (CH3COO-4'),

169.5 (CH3COO-10), 162.8 (C-4), 157.1 (C-11), 157.1

(C-6), 137.4 (C-2), 136.9 (C-6a), 134.8 (C-10a), 133.5

(C-12a), 125.0 (C-3), 119.9 (C-1), 116.2 (C-4a), 112.2

(C-5a), 111.8 (C-11a), 100.7 (C-1'), 74.3 (C-4'), 71.9

(C-7), 71.3 (C-9), 66.9 (C-5'), 64.5 (C-10), 49.4 (C-3'),
35.6 (C-2'), 32.9 (C-8), 29.8 (C-13), 21.0 (CH3COO-4'),

20.6 (GE3COO-10), 17.2 (C-6'), 6.69 (C-14). ES-MS m/z:

718 (M+Na).

10-O-Acetyl-7,9-di-O-(4-O-acetyl-3-trifluoracetamido-

2,3,6-trideoxy-α-L-arabino-hexopyranosyl) Rhodomycinone

(16a)

Syrup, Yield: 12%, 1H-NMR (400MHz, CDCl3) δ: 13.5

(1H, s, OH-11), 13.0 (1H, s, OH-6), 12.2 (1H, s, OH-4),
7.88 (1H, d, J=7.7Hz, H-1), 7.70 (1H, t, J=7.7Hz, H-2),

7.35 (1H, d, J=7.7Hz, H-3), 7.30 (1H, d, J=7.1Hz,

CF3CONH-3"), 6.92 (1H, d, J=7.0Hz, CF3CONH-3'), 6.80

(1H, s, H-10), 5.49 (1H, d, J=3.9Hz, H-1'), 5.40 (1H, d,
J=3.9Hz, H-1"), 4.93 (1H, br d, J=5.3Hz, H-7), 4.70 (1H,

t, J=10.1Hz, H-4'), 4.50 (1H, t, J=10.1Hz, H-4"),

4.30-4.10 (3H, m, H-5'/H-3'/H-3"), 3.30 (1H, m, H-5"),

2.45 (1H, d, J=14.8Hz, H-8a), 2.35-2.00 (11H, m,

CH3COO-4'/CH3COO-4"/CH3COO-10/H-8b/H-2'a/H-2'b),

1.97 (1H, m, H-13a), 1.48 (1H, m, H-13b), 1.25 (3H, d,

J=6.3Hz, H-6'), 0.98 (3H, t, J=7.3Hz, H-14), 0.60 (3H, d,

J=6.4Hz, H-6"). 13C-NMR (50MHz, CDCl3) δ: 191.2 (C-

5), 186.1 (C-12), 172.5 (CH3COO-4"), 172.3 (CH3COO-

4'), 169.5 (CH3COO-10), 162.8 (C-4), 157.1 (C-11), 157.1

(C-6), 137.4 (C-2), 136.9 (C-6a), 134.8 (C-10a), 133.5 (C-
12a), 125.0 (C-3), 119.9 (C-1), 116.2 (C-4a), 112.7 (C-5a),

111.8 (C-11 a), 100.7 (C-1'), 90.8 (C-1"), 76.8 (C-9), 74.7

(C-4'), 74.5 (C-4") , 70.5 (C-7), 66.9 (C-5'/C-5"), 64.5

(C-10), 49.4 (C-3'), 49.1 (C-3"), 35.6 (C-2'/C-2"), 32.9

(C-8), 24.5 (C-13), 21.0/20.6/20.5 (OH3COO-10/CH3COO-
4')/CH3COO-4"), 17.4 (C-6'), 17.2 (C-6"), 6.70 (C-14).

ES-MS m/z: 875 (M+Na).

10-O-(4-O-Acetyl-3-chloro-2,3,6-trideoxy-α-L-arabino-

hexopyranosyl) Rhodomycinone (17)

Syrup, Yield: 38%, 1H-NMR (400MHz, CDCl3) δ: 13.7

(1H, s, OH-11), 12.9 (1H, s, OH-6), 12.0 (1H, s, OH-4),
7.88 (1H, d, J=7.8Hz, H-1), 7.71 (1H, t, J=7.8Hz, H-2),

7.32 (1H, d, J=7.8Hz, H-3), 5.40 (1H, d, J=2.6Hz, H-1'),

5.23 (1H, br s, H-7), 4.92 (1H, br s, H-10), 4.75 (1H, t,

J=9.8Hz, H-4'), 4.05 (1H, m, H-3'), 3.85 (1H, m, H-5'),

3.50 (1H, m, OH-9), 3.30 (1H, s, OH-7), 2.35-1.95 (4H,

m, H-8a/H-8b/H-2'a/H-2'b), 1.90-1.65 (2H, m, H-13a/H-

13b), 1.22 (3H, d, J=6.3Hz, H-6'), 1.12 (3H, t, J=7.3Hz,

H-14). 13C-NMR (50MHz, CDCl3) δ: 191.0 (C-5), 186.7

(C-12), 170.4 (CH3COO-4'), 162.8 (C-4), 155.7 (C-11),
155.7 (C-6), 137.9 (C-6a), 137.4 (C-2), 136.5 (C-10a),

133.4 (C-12a), 125.0 (C-3), 119.9 (C-1), 115.8 (C-4a),

112.2 (C-5a/C-11a), 97.3 (C-1'), 76.7 (C-4'), 71.6 (C-10/C-

9), 68.1 (C-5'), 62.7 (C-7), 55.2 (C-3'), 40.8 (C-2'), 33.9

(C-8), 30.8 (C-13), 20.8 (CH3COO-4'), 17.7 (C-6'), 6.46

(C-14). ES-MS m/z: 600 (M+Na).

10-O-(4-O-Acetyl-3-azido-2,3,6-trideoxy-α-L-arabino-

hexopyranosyl) Rhodomycinone (18)

Syrup, Yield: 44%, 1H-NMR (400MHz, CDCl3) δ: 13.6

(1H, s, OH-11), 12.8 (1H, s, OH-6), 12.0 (1H, s, OH-4),
7.85 (1H, d, J=7.8Hz, H-1), 7.70 (1H, t, J=7.8Hz, H-2),

7.26 (1H, d, J=7.8Hz, H-3), 5.42 (1H, d, J=2.5Hz, H-1'),

5.22 (1H, br s, H-7), 4.92 (1H, br s, H-10), 4.61 (1H, t,

J=9.8Hz, H-4'), 3.85 (1H, m, H-5'), 3.63 (2H, m, OH-

9/H-3'), 3.30 (1H, s, OH-7), 2.30-1.50 (9H, m, H-8a/H-

8b/H-13a/H-13b/H-2'a/H-2'b/CH3COO-4'), 1.23 (3H, d,

J=6.4Hz, H-6'), 1.11 (3H, t, J=7.3Hz, H-14). 13C-NMR

(50MHz, CDCl3) δ: 190.9 (C-5), 186.2 (C-12), 170.0

(CH3COO-4'), 162.7 (C-4), 157.4 (C-11), 155.7 (C-6),
137.9 (C-6a), 137.4 (C-2), 136.6 (C-10a), 133.3 (C-12a),

125.0 (C-3), 119.9 (C-1), 115.8 (C-4a), 112.1 (C-5a/C-

11a), 97.0 (C-1'), 75.4 (C-4'), 71.7 (C-10/C-9), 67.1 (C-5'),

62.4 (C-7), 57.5 (C-3'), 35.9 (C-2'), 33.9 (C-8), 30.8 (C-

13), 20.9 (CH3COO-4'), 17.4 (C-6'), 6.46 (C-14). ES-MS

m/z: 606 (M+Na).

Cell Culture and Drug Treatments

All solutions of synthetic compounds and daunomycin

(from Sigma Chemical Co., St. Louis, MO) were dissolved
in dimethyl sulfoxide (DMSO). Sequential dilutions were

prepared in order to test compounds 1, 4, 11-18 (Schemes
1-3) over final concentrations ranging from 40.96nM to
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Scheme 1.

a: PhB(OH)2, CH3CO2H.glacial, toluene.anh, b: Isoprenyl acetate, cat. H2SO4, c: 2-

methyl-2.4-pentanediol, CH3CO2H

Scheme 2.

a: 10-O-acetyl-β-rhodomycinone (4), trimethylsilyltriflate, CH2Cl2/Et2O
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25μM and daunomycin over final concentrations ranging

from 2.62 to 640nM in vitro. Suspension cultures of murine

L1210 lymphocytic leukemia cells (American Type Culture

Collection. Rockville, MD) were maintained in continuous

exponential growth by twice a week passage in RPMI 1640

medium supplemented with 8.25% fortified bovine calf

serum (HyClone Laboratories, Logan, UT) and penicillin

(100IU/ml)-streptomycin (100μg/ml) and incubated in the

presence or absence of drugs at 37℃ in a humidified

atmosphere containing 5% CO2. Since drugs were

supplemented to the culture medium in 1-μl aliquots, the

concentration of DMSO in the final incubation volume

(0.5ml) never exceeded 0.2% and did not affect the rates of

macromolecule syntheses, growth and survival in control

L1210 cells incubated with vehicle in the absence of

drugs.26-28)

Tumor Cell Viability Assay

L1210 cells were seeded in triplicate in 48-well Costar

cell culture plates at an initial density of 10,000cells/0.5ml

of RPMI 1640 medium and grown at 37℃ for 4 days in the

presence or absence (control) of increasing concentrations
of compounds 1, 4 and 1-18 to evaluate drug cytotoxicity.

The anthracycline quinone antibiotic daunomycin was

tested in the same experiments for the sake of comparison.

The viability of drug-treated cells was assessed from their

ability to bioreduce the 3-(4,5-dimethylthiazol-2-yl)-5-(3-

carboxymethoxyphenyl)-2-(4-sulfophenyl)-2H tetrazolium

(MTS) reagent (Promega, Madison, WI) in the presence of

phenazine methosulfate (PMS; Sigma) into a water-soluble
formazan product which absorbs at 490nm.29) After 4 days

in culture, cell samples (about 106/0.5ml/well for controls)

were further incubated at 37℃ for 3 hours in the dark in the

presence of 0.1ml of MTS: PMS (2:0.1) reagent and their
relative cell viability was estimated by recording the

absorbance at 490nm, using a Cambridge model 750

automatic microplate reader (Packard, Downers Grove.

IL).26-28) Cell viability results (means±S.D.; n=3) were

expressed as % of the net absorbance of MTS/formazan

after bioreduction by vehicle-treated control cells at day 4

(A490nm=1.825±0.129; 100±7%). Blank values at day 4

(A490nm=0.296±0.016) for culture medium supplemented

with MTS:PMS reagent in the absence of cells were

substracted from the results. The concentrations of drugs

required to inhibit by 50% the viability of L1210

tumor cells at day 4 (IC50 values) were calculated from

linear regression of the slopes of the log-transformed

concentration-survival curves.

Results and Discussion

In our efforts to gain access to semisynthetic β-

rhodomycins which could be effective as antitumor agents.

we originally focused on the glycosidation of β-

rhodomycinone (1, Scheme 1) with appropriate glycosyl

donors, using the trimethylsilyl triflate procedure24). It is

known that direct glycosidation of unprotected β-

Scheme 3.

a: Compound 2, TMSOTf, CH2Cl2.anh, Et2O.anh, b: 2-methyl-2,4-pentanediol, AcOH



VOL. 55 NO. 2 THE JOURNAL OF ANTIBIOTICS 187

rhodomycinone results in an inseparable mixture of the

corresponding C-7 and C-10 O-glycosides.30) Therefore the

C-10-O-acetylated compound 4 was used for the

regioselective glycosidation of C-7 hydroxyl group

(Scheme 1). For the synthesis of this intermediate the
boronate 2 was readily prepared from β-rhodomycinone (1)

and phenylboric acid in glacial acetic acid and toluene.31) It

was first acetylated with isoprenyl acetate in the presence of

catalytic amount of concentrared sulfuric acid to provide

the 10-O-acetyl derivative 324) and then treated with 2-

methylpentane-2,4-diol and acetic acid, to afford the

corresponding deboronated derivative 4,24) as depicted in

Scheme 1. The glycosidation of 4 with the glycosyl donors

5-10,23,32-34) using trimethylsilyl triflate in a mixture of

dry dichloromethane and ether at -15℃, in the presence of

molecular sieves 4A, resulted in compounds 11-16

respectively (Scheme 2). Interestingly, during the synthesis

of 16, we have isolated from the reaction mixture a small

amount of the diglycoside 16a (Figure 2).

The synthesis of the compounds 17 and 18 was

accomplished by glycosidation of 2 with 7 and 8, followed

by deprotection under conditions similar to those described

above for the synthesis of the compounds 11-16 (Scheme

3). The structure of the coupling derivatives 11-16a, 17

and 18 has unambiguously been established by the use of

1D and 2D NMR experiments. We have also assigned the
13C chemical shifts for compounds 1-4 (Table 1), whose

synthesis and 1H-NMR data have been previously

reported.24)

Since several important cancer chemotherapeutic agents

contain a quinone ring in their chemical structure,14-16) it is

significant to notice in the present study that all new

synthetic rhodomycin and anthracycline derivatives tested,

have antileukemic activities in vitro. Their ability to

decrease tumor cell viability (mitochondrial function of the

cell) after several days of drug treatment may be a better

predictor of their anticancer potential than antiproliferation,
since growth delay may allow survivors to resume division

and clonal expansion once the drug is catabolized or

eliminated and its effect is waning.35)

All compounds tested are cytotoxic and the

concentrations which decrease L1210 cell viability by 50%

(IC50 values) after 4 days in culture are compared in Table
2. The cytotoxicities of β-rhodomycinone, the aglycone

part of rhodomycin, and its 10-O-acetyl-β-rhodomycinone

analog in L1210 cells at day 4 are characterized by IC50

values of 1.02 and 1.27μM, respectively. Interestingly, four

rhodomycin glycosides (11-13 and 15, IC50 values:

2.48-5.60μM) are 2.0-5.5 times less effective than these

aglycones, while 16 which is a relatively close analog of

oxaunomycin, is about as effective as the above aglycones

in decreasing tumor cell viability. The rhodomycin

glycoside 14 (IC50 value: 0.52μM) is the most active in this

series, being 2.0-2.4 times more potent than the two

aglycones. This preliminary study suggests that, even

though the antitumor activity resides mostly with the

aglycone part of rhodomycin, the bioactivity of such

molecule can be substantially modulated by the nature of its

glycoside substituent.

It is of interest to notice that the 10-O-glycosides 17 and

18, possess a certain degree of activity, when compared to

the other derivatives, even if they are regioisomers of the

Fig. 2.
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Table 1. Carbon chemical shifts of compounds 1-4.
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classical anthracyclines. Furthermore, 17 is approximately

2.5 times more potent compared to the corresponding 7-O-

glycoside 13. In conclusion, all the rhodomycinone

glycosides reported here appear to be cytotoxic in vitro, but

they are significantly less potent than daunomycin.
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