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Abstract: The syntheses of 1-O-acetyl-4-azido-3-chloro-L-lyxo-hexopyranose and 1-O-acetyl-3-chloro4-
trifluoracetamido-L-lyxo-hexopyranose are described. These aminosugars were successfully employed for
the synthesis of 4'-azido- 3'-chloro-3'-deamino-4'-deoxydaunorubicin and 3'-chloro-3'-deamino-4'-deoxy-4'-

trifluoracetamidodaunorubicin. The cytotoxicity of the above-mentioned compounds is discussed.
Copyright © 1996 Elsevier Science Ltd

The anthracycline glycosides daunorubicin and doxorubicin have been proved to be clinically important
anticancer antibiotics.1-3 However a dose cumulative cardiotoxicity and the development of resistance in
chemosensitive tumors (MDR phenotype) have restricted their extensive use in chemotht:rapy.""6 As a
consequence there is an interest in new derivatives that possess cytotoxicity against resistant tumors and
reduced side effects. One of the most successful synthetic approaches in this field is the modification of the
sugar part of anthracyclines, which is known to be a critical determinant for their pharmacological
behaviour.?

Among numerous analogs are those in which positions 3- and 4- in the amino sugar have been modified,
giving compounds with improved biological results. This is for example the case of 4‘-aminoanthracyclincs,8
particularly isodoxorubicin,? which showed to be active both against leukemia and solid tumors and less
cardiotoxic than doxorubicin itseif.

Analogs having an amino group at C-3’ replaced with an halogen (Cl or Br) have already been found to be
active against resistant tumor cells .10 It has recently been postulated that the increased lipophilicity of the
sugar moiety of anthracyclines could be related to the ability to overcome MDR.11,12

We describe here a facile synthesis of 4'-azido- and 4'-trifluoracetamido-3'-chloro-3'-deamino-4'-
deoxydaunorubicin 1 and 2 respectively (Scheme 1), through the preparation of some new sugar analogs and
their glycosidic coupling to daunomycinone.

Methyl-4-O-acetyl-3-chloro-2,3,6-trideoxy-c-L-arabino-hexopyranoside 3 has been prepared according to
known procedures, starting from 3,4-di-O-acetyl-L-rhamnal.!3 Transesterification with sodium methoxide
in methanol provided the corresponding hexopyranoside in 87% yield, which was then treated with
trifluoromethanesulfonic anhydride 14 in DCE in the presence of DMAP to obtain the corresponding ester
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4 in 62% yield. Treatment of 4 with sodium azide in anhydrous DMF afforded the azido analog § in 74%
yield, 15 which was subsequently converted to the 1-O-acetyl derivative 6a by acetolysis in 87% vield as a
9/1 mixture of the a and 3 anomers. The catalytic hydrogenation of 6a proceeded quantitatively at
atmospheric pressure over Pd/C to give the unstable amino sugar 6b, which was immediately converted to

Scheme 1
OCH,

H;C o
AcO

6aX=N,
6 X =NH,

6c X = CF;CO

a: CH30Na, CH30H, 4h, 0°C, b: (CF380200, DCE, DMAP, 2h, 0°C, ¢: NaN3, DMF, 1h, 60°C ,d: AcyO/AcOH/H2804, 2h, 11,
e: Hy, Pd/C, CH30H, 3h, 11, f: (CF3CO)20, Et20, 2h, 0°C , g: HBr, CgHg, 15 min, 0°C , h: daunomycinone, HgO, HgBry,
CH3Clp , 4h, 1t

the trifluoracetamide 6¢ in 58% yield, 10 using trifluoracetic anhydride in dry ethyl ether. The reaction of 6¢
with dry hydrogen bromide in benzene gave the corresponding glycosyl bromide, which was used
immediately and in 2 fold excess for coupling with daunomycinone. Coupling was carried out in
dichloromethane solution under modified Koenings-Knorr conditions (yellow mercury II oxide and mercury
1I bromide with 4& molecular sieves). The reaction gave, after flash chromatography the a-anomer 2 in a
good yield (67%).17 Following an analogous procedure, 6a 18 was converted to its 1-bromoderivative which
was then coupled with daunomycinone under the above-mentioned conditions to afford the a-anomer 1 in
63% yield.19

The in vitro cytotoxic activity of the compounds 1 and 2 was evaluated using the murine leukemia
L1210 cells obtained from the American Type Culture Collection (Rockville Pike, MD), the human
epidermoid carcinoma cell line, KB-3-1 and also its 340-fold resistant to Adriamycin (ADR) subline KB-A1,
kindly provided by Dr. M., Gottesman (Bethesda, MD). The cytotoxicity was measured by the Microculture
Tetrazolium Assay as previously described 20 Cells were exposed for ~ 4 doubling times (2 days for L1210,
4 days for KB-3-1 and KB-A1) to nine graded concentrations in triplicate of the cytotoxic drug. Resuits are
expressed as IC 50, which is defined as the drug concentration inhibiting the proliferation by 50% with
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respect to untreated cells. The resistance of the MDR cell line was expressed as the resistance factor (RF),
which is the ratio between the IC5( on the resistant cells and the IC5( on the corresponding sensitive cells.

Concerning the cell cycle analysis, L1210 cells (2.5 105/ml) were incubated for 21 hours (approximately
two doubling times) with various concentrations of cytotoxic drugs. Cells were then fixed by 70% ethanol,
washed twice with phosphate-buffered saline (PBS) and incubated in PBS containing 100 ug/ml RNase and
25 pg/ml propidium iodide (PI) for 30 min. For each sample, 10,000 cells were analyzed on an Epics XL
Coulter flow cytometer. The effect on the cellular cycle is that expected for a DNA interacting agent, i.e. a
dose - dependent increase in the percentage of the L1210 cells accumulated in the G2 + M phase.

The preliminary in vitro biological results are reported in Table 1. Both compounds were less potent than
ADR or DNR when tested on the sensitive 1.1210 cells. Similarly, 1 and 2 exhibited a decreased cytotoxic
activity in respect to ADR or DNR against the KB-3-1 cell line, but when tested on the KB A-1 cell line,
which is higly resistant against ADR and DNR, 1 and 2 showed a clear advantage (RF value of 1.7 for 1 and
6.9 for 2). These findings are comparable with those previously reported for the in vitro biological
evaluation of 7-O-(4-O-acetyl-3-chloro-2,3,6-trideoxy-o,8-L-arabino-hexopyranosyl) daunomycinone.lo
However compounds 1 and 2 proved to be more active against the sensitive cells and this could indicate that
the 4'-amino functionality of the molecule may be superior to the hydroxyl with respect to cytotoxic
activity.

Table 1
1C50 (M) and resistant factor
Cell lines 1 2 ADR DNR
L1210 1.3740.15 | 0.50+0.12 |} 0.03310.002 0.033+0.008
KB-3-1 1.61+0.29 | 0.55+0.005] 0.021+0.003 0.007+0.002
KB-A1 2.7610.88 §3.7910.76 | 7.01+0.27 2.0740.34
RF 1.7 6.9 333.8 295.7
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