TETRAHEDRON
LETTERS

Tetrahedron Letters 39 (1998) 1553-1556

R ———

Pergamon

Oxidation of 4’-Deoxyribonucleoside Radicals to 4’-Deoxyribonucleoside

Cations. A Model for the Function of Bleomycin.

Abstract: Selective generation of the 4’-deoxyribonucleoside radical 8 in the presence of Mn{OAc), gave acetal 9 in
91% yield. This reaction models the function of the antibiotic bleomycin under diminished O, concentrations. In the
presence of O, a peroxy radical is formed that leads to completely different products. © 1998 Elsevier Science Ltd.
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complexes.' Depending upon the concentration of O, either glycolate
are produced. For the formation of cieavage products Z and 3 the 4’-DNA radical is trapped by O, and the
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resulting hydroperoxide undergoes a Criegee rearrangement with subsequent elimination and hydrolysis steps.
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According to the mechanism of J. Stubbe ef al.', the ketoaldehyde 4 is produced by oxidation of the 4’-

DNA radical 1 to the 4’-DNA cation 5 that is trapped by H,0 (5—6). Hydrolysis of the cyclic hemiacetal 6
yields the ketoaldehyde 4. The oxidation step (1—6) is suggested to be performed by the bleomycin/Fe®/O,

complex after the H-abstraction from DNA.
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In order to check this mechanism in model experiments, we generated the 4’-nucleoside radical 8 by
photolysis of selenide 7* in the presence of Mn(OAc),* as oxidant and MeOH as solvent.* Oxygen was excluded

by freeze-thaw cycles under argon. This photolysis afforded 91% of the cyclic acetal 9 which is a precursor of
the ketoaldehvde. Under nnn-nhnmlvhf‘a] conditions the
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The formation of a hydroperoxide as intermediate could be excluded because the reactions were carried
out in the absence of O,. Furthermore, we have shown recently that a hydroperoxide 11 yields glycolate 13 and

base prn?enal 14 by Grob fragmentation (11512 and subseguent elimination’
HO— o HC— 0 T (n 1@
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In the presence of O, the first step of the 4’-nucleoside radical is the formation of a peroxy radical. Fig. 1
shows the ESR spectrum of a radical which was generated by photolysis of selenide 15 in the presence of O,.°

The o-value of 2 01573 ic tunical for a neroxv radical and the aheence of a h\/mrf"np connlino ig in accord with
1ne g-vaiug of 201023 18 lypica: IOor & peroxy Ting coupling 1g in accord with
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These experiments support the mechanism of J. Stubbe: Oxygen does not oxidizes 4’ -nucleoside radicals

to 4’-nucleoside cations but metal oxides or their derivatives can easily induce this oxidation step (i—35 or

8—10). Trapping of these cations by protic solvents leads to hemiacetals (5—6) or acetals (10—>9) that can be
hydrolyzed to the ketoaldehydes. In DNA the ketoaldehyde 4 is not a direct strand cleavage product, but its

treatment with base induces the strand scission

through an elimination reaction (4—18 +19).
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_____ ent: CH : 98:2 to 90:10). The two diastereomers of 9 7
were isolated together with the corresponding non-benzoylated products (7 mg, 26%, d.r. 55:

main products were the N-benzoylated or non-benzoylated 2’-deoxy-4’-methoxyadenosines, and the a-L-

4
e
IQ
[

threo isomers were isolated as minor products. Spectroscopic data: 6-N-Be vI-4’-methoxy-2 -
deoxyadenosine 9a: '"H NMR (300 MHz, CDCI,): & (ppm) 9.10 (s br, NH); 8 .78 (s, H=2); 8.10 (s,
8.03 (s, H-2,65,); 7.63 (m, H-4)); 7.54 (m, H-3,5;,); 6.45 (dd, J,.,.,= 6.6 Hz, J1 = 3.5 Hz, H-
4.79 (dd, J,,,=3.9 Hz, J,,,=5.7 Hz, H-3’); 4.12 (d, J;., ,=11.6 Hz, H-5"a); 3.74 (d, H-5’b); 3.51 (s,
CH,0), 3.04 (m, H-2’a); 2.54 (ddd, J,,,,=13.2 Hz, H-2'b). C NMR (75.5 MHz, CDCl,): é (ppm)
164.20 (COPh); 152.31 (C-2); 150.73 and 150.19 (C—4, C-6); 142.14 (C-8); 133.44 (C-1,,); 132.97-
127.90 (C,,.); 124.33 (C-5); 107.34 (C—4’); 86.22 (C-1"); 72.70 (C-3’); 62.83 (C-5"); 51.46 (OCH,);
40.02 (C-2"). 6-N-Benzoyl-1-(2’-deoxy-4’-methoxy-a-L-threo-pentofuranosyl)adenine 9b: 'H NMR: &
(ppm) 9.08 (s br, NH); 8.83 (s, H-2); 8.25 (s, H-8); 8.07 (d, H-2,64,); 7.63 (m, H4 ); 7.54 (m,
H-3,5,,); 6.85 (t, J,.,.,=J,. 5= 7.1 Hz, H-1"); 4.55 (d, J,,3,=J,,,,=4.9 Hz, H-3"); 3.93 (s, H-5a,
H-5’b); 3.24 (s, CH,0), 2.97 (m, H-2’a); 2.68 (dd, J,.,,=13.6 Hz, H-2'b). °C NMR: § (ppm) 165.40
(COPh); 152.72 (C-2); 151.84 and 149.83 (C—4, C-06); 141.14 (C, C-8); 133.59 (C-1,,); 132.74-
128.05 (C,_,,); 122.48 (C-5); 111.23 (C4’); 83.82 (C-1"); 75.61 (C-3’); 57.43 (C-5); 49.20 (OCH,);

39.13 (C-2’). The stereochemistry was elucidated by NOE experiments of the O-silylated compound:
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): A solution of 7 in benzene was saturated with O, and irradiated in
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filtered light (water-cooled Schott filter UG-5) of a Hanovia 977-
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