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Abstract: Solvolysis of radicals 17 and 18 yielded the same products 19-23. This indicates that the radical-induced
substitution of the phosphate group occurs via radical cation 24 as common intermediate.
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Recently, we have demonstrated that in aqueous solutions the 4’-DNA radical 1 undergoes heterolytic
cleavage of the C-O bond at the 3’-position yielding phosphate 2 and the B-hydroxylated radical 5." As it has
been pointed out by Zipse, * substitution reactions where H,0 displaces the 3’-phosphate adjacent to a radical
center might occur either by spontaneous C,0-bond cleavage via radical cation 3 (Sy1 type) or by anchimeric
assistance of thymine via radical 4 (Sy2 type).

To further investigate this substitution mechanism, we generated radical 7 by irradiation of the 4’-
mononucleotide radical precursor 6 in methanol and in the presence of BusSnH.3 The reaction gave a 1.3:1
mixture of the regioisomers 8 and 9 (81% yield) in which the methoxy group is trans to the thymine
substituent.* As in the DNA case, the stereochemistry can be explained either by a stereoselective Syl reaction

4365



4366

with the thymine base shielding the B-face or by Sy2 reactions with a radical species analogous to 4 as an
intermediate.
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In order to exclude the pathway with anchimeric assistance by thymine, we synthesized model
compounds where the heterocycle is replaced by a phenyl group. The synthesis started from the known diol
10.° Transformation into 11, Pfitzner-Moffatt oxidation of the primary alcohol, addition of ¢-BuLi, and
subsequent Dess-Martin oxidation afforded ketone 12. Desilylation, followed by aldol reaction with
formaldehyde, yielded compounds 13a and 13b.°
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i) DMTIC], pyridine; ii) TBDMSCI, imidazole, DMF; iii) TsOH, CH,Cl,, 78% (3 steps); iv) CMC, pyridine-TFA, DMSO, 97%;

v) t-BuLi, CeCl,, THF, -78°C, 65%; vi) periodinane, CH,Cl,, 98%; vii) TBAF (1M), THF, 0°C, 92%; viii) LDA (2.5 eq.), HCHO,
THF, -60°C, 75% based on recovered material.

Compound 13a was converted into the radical precursor 14 by silylation and phosphorylation. For the
preparation of the isomeric radical precursor 16 where the phosphate group is trans to the phenyl substituent,
13b was silylated and treated with Tf,O. Subsequent reaction with n-Bu,NNO; led to nitrate 15 which was
cleaved reductively and phosphorylated to give 16.
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i) TBDMSCI, imidazole, DMF, 62-65%; ii) CIPO(OEL),, LDA, -78°C, 62-79%; iii) Tf,0, pyridine, CH,Cl,, 0°~25°C;
iv) --Bu,NNO,, benzene, 40°C, 60% (2 steps); v) Zn, HOAc, CH,Cl,, 0°C, 80%.
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Photolysis of ketones 14 and 16 gave isomeric radicals 17 and 18, respectively, in which the phosphate
substituents are cis or trans to the phenyl group. If the phosphate nucleofuges are substituted by Sy2 reactions,
one should expect products with opposite stereochemistry. But photolysis of methanolic solutions of 14 and 16
in the presence of Bu,SnH afforded the same substitution products 19 to 22 and enol ether 23 in a total yield of
85-90%.”* The observation of an identical product mixture for both radical precursors excludes Sy2 reaction
mechanisms and suggests the existence of a common intermediate.
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The result can be rationalized by assuming a Sy1 type loss of the phosphate group from the radicals 17
and 18 leading to radical cation 24. Nucleophilic attack of MeOH occurs at the two carbon atoms of the
mesomeric radical cation 24. In comparison to the thymidine derivative 6 the stereoselectivity is lower, yet
attack trans to the phenyl group is still preferred. Formation of the enol ether 23 can be explained by reduction
of this intermediate radical cation via single electron transfer.”

OTBDMS
17o0r18 — Y —_— 19-23

24

Conclusion: The results with phenyl substituted nucleotide analoga are in accord with a Sy1 type cleavage of
the 4'-DNA radical (1—3) and subsequent addition of water (3—5).
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