Bioorganic & Medicinal Chemistry Letters, Vol. 4, No. 5, pp. 721-724, 1994
Pergamon Copyright © 1994 Elsevier Science Ltd

Printed in Great Britain. All rights reserved
0960-894X/94 $6.00+0.00

0960-894X(94)E0036-E

Synthesis of 1-(2-Deoxy-2-C-fluoromethyl-B-D-arabinofuranosyl)cytosine
As a Potential Antineoplastic Agent

Yuichi Yoshimura,* Kazuko Saitoh, Noriyuki Ashida, Shinji Sakata

Research and Development Division, Yamasa Corporation,
2-10-1, Araoicho, Choshi, Chiba 288, Japan

Akira Matsuda

Faculty of Pharmaceutical Sciences, Hokkaido University,
Kita-12, Nishi-6, Kita-ku, Sapporo 060, Japan

Key Words: nucleosides, fluoromethyl, radical deoxygenation, cytotoxicity

Abstract: 2'-B-Spiroepoxy-uridine was obtained from the reaction between 2'-ketouridine and
dimethylsulfoxonium methylid. The oxirane ring was cleaved by KFHF and the resulting tertiary hydroxyl
group was removed by radical deoxygenation using a r-methyl oxalyl-tributyltin hydride system to give 2-

deoxy-2-C-fluoromethyl-1-B-D-arabinofuranosyl-uracil derivative 7. Finally, the uracil moiety was
converted to a cytosine counterpart, followed by deprotection to yield the title compound.

New drugs effective for solid tumors and leukemia are essential for further development of cancer
chemotherapy. The synthesis of modified nucleosides is one promising field for the development of new
chemotherapy drugs. While synthesizing antineoplastic nucleosides, we found that some 2'-substituted
cytidine analogues showed potent antitumor activity; e.g., 1-(2-deoxy-2-C-methyl-B-D-
arabinofuranosyl)cytosine (SMDC) 1 showed potent cytotoxicity toward several leukemic cell lines,! and
1-(2-deoxy-2-methylene-erythro-pentofuranosyl)-
cytosine (DMDC) 2 showed broad cytotoxicity
toward a variety of tumor cell lines.2 Although
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tumnors both in vivo and in vitro.4 This suggests that introduction of an electron-withdrawing substituent at
the 2'-position of 2'-deoxycytidine would be useful in the development of antineoplastic nucleosides.
Hence, we designed a 2'-B-fluoromethyl derivative to improve the activity of SMDC. The present report

describes the synthesis of the target compound 4 using radical deoxygenation of 2'-terr-alcohol and its
cytotoxicity to tumor cell lines.
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33: Me3S+(O)I', NaH, DMSO, THF. 65%. b: KFHF, 2-methoxyethanol, reflux. 42%. c: 1) 80% AcOH,
2) TIPDSCl,, pyridine. 59%. d: methyl oxalyl chloride, DMAP, CH,Cl,. e: Bu;SnH, AIBN, toluene.
86%. f: POCl,, triazole, Et;N, CH;CN, then NH,OH. 59%. g: TBAF, THF. 61%.

3',5"-Di-0-trityl-2'-ketouridine> 5 was treated with dimethylsulfoxonium methylide to yield the
spiro-epoxy derivative 6 in a 65 % yield. Compound 6 was diastereomerically pure, according to its 'H-
NMR spectrum, and the stereochemistry of the 2'-position was determined by n.O.e. experiment : 7.1% of
an n.0.e was observed between H-1' and oxirane proton Ha while a weak n.O.e. (3.6%) appeared between
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H-3' and the other oxirane proton Hb (Scheme 1). This result revealed that the stereochemistry of the 2'-
epoxy-ring was like that of the B-epoxide. Therefore, the nucleophilic attack of the sulfur ylide is
considered to direct from the a-face selectively, due to steric bulkiness of the 1'-heterocyclic moiety. This
result is consistent with a previous report.5 The epoxy-ring of 6 was cleaved by treatment with KFHF to
give fluoromethyl derivative 7 in a 42% yield.” The choice of fluoride salts and solvents was important in
achieving effective cleavage of the epoxide ring. In the case of potassium fluoride, the reaction gave a
complex mixture, instead of KFHF. Similarly, 2-methoxyethanol was the best choice of solvents, while the
use of DMF as a solvent decreased the yield of 7.

We attempted to remove a tert-hydroxyl group at the 2'-position of 7. However, radical
deoxygenation of the corresponding methyl oxalyl ester of the tert-alcohol did not give the desired 2'-
deoxygenated compounds. Therefore, the trityl group of 7 was deprotected once by acid treatment and the
resulting free nucleoside was protected by 1,1,3,3-tetraisopropyldisiloxane-1,3-diyl (TIPDS) group to yield
8. Compound 8 was acylated by methyl oxalyl chloride in the presence of a stoichiometric amount of
DMAP, and the resulting 2'-methyl oxalate was further treated, without purification, with tributyltin
hydride!:8 in the presence of AIBN as a radical initiator to give the desired 2'-deoxy-2'-fluoromethyl
derivative 11 in an 86% yield, along with a small amount of inseparable by-product. The radical
deoxygenation of 8 appeared to occur selectively from the a-side, judging from the IH-NMR spectrum, and
showed a coupling constant of 7.3 Hz between H-1' and H-2' in 11. This value is similar to those of SMDC
and CNDAC.1# The stereochemistry of 11 was further confirmed by n.O.e experiments after removal of
the protecting group. It is noteworthy that the fluorine atom remains intact through the radical
deoxygenation. This was confirmed by the TH-NMR spectrum which showed a large coupling constant
(47.9 Hz) between the fluorine and geminal proton. Amination at the 4-position of the uracil ring of 11
using the triazole method,!0 followed by deprotection of the TIPDS group yielded 1-(2-deoxy-2-C-
fluoromethyl-B-D-arabinofuranosyl)cytosine 4.11

As a preliminary result, compound 4 showed potent cytotoxicity toward the human T-cell line,
CCRF-HSB-2 (ICs¢ = 0.030 pg/ml). The compound revealed moderate activities toward several solid
tumor cell lines: KB cell, IC5p = 4.47 pg/ml; Colo320DM (colon adenocarcinoma), ICsg = 1.6 pg/ml ; and
A-375 (melanoma) , ICs50 = 1.6 ug/ml. On the other hand, it showed only weak cytotoxicity towards PC-8
(lung adeno-carcinoma, ICsg = 26 pg/ml) and KATO-III (stomach adenocarcinoma, ICsg = 11 pg/ml).12
The antitumor activities of 4 varied with the cell lines, but the compound showed potent activity against the
leukemic cell line.

In summary, we synthesized 1-(2-deoxy-2-C-fluoromethyl-B-D-arabinofuranosyl)cytosine and found
that this compound had potent cytotoxicity. Further investigation, including comparison with SMDC, is now
in progress.
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