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[l. Radical Cation Formation from Nucleotides

Addition of the phenylthiyl radical to the unsaturated nucleotide 30 produces the carbon-centered radical 31 (Scheme 9).? This
radical (31) either abstracts a hydrogen atom to give an epimeric mixture of reduced nucleotides or fragments the C—O bond at C-3'
heterolytically to give a phosphate anion and a radical cation.'® Fragmentation is assisted by polar solvents.?’ Since heterolytic
fragmentation of 31 also depends on the ability of the substituent at C-3' to stabilize a negative charge as the C—O bond breaks,
forming a highly stabilized anion is critical; thus, fragmentation is competitive with hydrogen-atom abstraction when the anion
produced is a phosphate (Scheme 9) but not a benzoate (eq 8).>
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Additional details concerning ion-pair formation from the unsaturated nucleotide 30 are given in Scheme 10.21-24 A contact ion
pair (CIP), a solvent-separated ion pair (SSIP), and diffusively free ions all are included in this Scheme. Labeling experiments
show how the various ion pairs participate in the reaction. Since no scrambling of the oxygen label in the phosphate group in the
substrate 30 occurs after partial reaction, the CIP either cannot return to the radical 31 or if it does, no reorganization occurs within
this ion pair.23 Since oxygen scrambling can take place in the SSIP, the labeling experiments show that once this intermediate is
reached, there is no return to the radical 31.
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Mechanistic studies using both alkyl- and arylthiols show that the equilibrium between the nucleotide 30 and the adduct radical 31
depends on the identity of the R group in the thiyl radical (Scheme 10). In this equilibrium alkylthiyl radicals favor adduct
formation to a greater extent than do arylthiyl radicals. When the method of formation produces a low radical concentration, condi-
tions can exist in which alkylthiyl radicals will form a sufficient concentration of adduct radicals (31) for reaction to proceed at an
observable rate, but arylthiyl radicals do not produce the necessary radical concentration.?2
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Study of the rates of radical reaction of thymidine, cytidine, adenosine, and guanosine derivatives show that guanosines are by far
the most reactive.?? (The rate of reaction of guanosine derivatives is too fast to be measured.) This enhanced reactivity is attributed
to rapid, internal electron transfer from the guanine moiety to the radical-cation portion of the molecule (Scheme 11).232527
Electron transfer of this type may be fast enough (k > 1 x 10° s) to be taking place within the CIP.2> One estimate of the rate

constant for this type of electron transfer is 1.4 x 108 s™1.27
Scheme 11
ROCHz  GNH ROCHz  GNH: ROCH:  GNH,
o o o
hv N —_— Y
-Co U
MesC-C o e
g o . o_
o,,PlOEt)z O,,P(OEllz %\/ P(OEt)2
cIp
ROCH2  GNH: ROCH»  GNH ROCH:  GifH,
o ® o
BusSnH -H
LWt U
* + %
HOLP(OET), HOLP(OEt), g‘,P(OEt)Z
94% o
R = SiMet-Bu

N NH
GNHz= ¢ |
ff N/ANHZ

e

This page titled [1I. Radical Cation Formation from Nucleotides is shared under a All Rights Reserved (used with permission) license and was

authored, remixed, and/or curated by Roger W. Binkley and Edith R. Binkley.

© All Rights Reserved https://chem.libretexts.org/@go/page/24050


https://libretexts.org/
https://en.wikipedia.org/wiki/All_rights_reserved
https://chem.libretexts.org/@go/page/24050?pdf
https://chem.libretexts.org/Bookshelves/Organic_Chemistry/Radical_Reactions_of_Carbohydrates_(Binkley)/Radical_Reactions_of_Carbohydrates_II%3A_Radical_Reactions_of_Carbohydrates/09%3A_Phosphoric_Acid_Esters/III._Radical_Cation_Formation_from_Nucleotides
https://chem.libretexts.org/Bookshelves/Organic_Chemistry/Radical_Reactions_of_Carbohydrates_(Binkley)/Radical_Reactions_of_Carbohydrates_II%3A_Radical_Reactions_of_Carbohydrates/09%3A_Phosphoric_Acid_Esters/III._Radical_Cation_Formation_from_Nucleotides?no-cache
https://chem.libretexts.org/Bookshelves/Organic_Chemistry/Radical_Reactions_of_Carbohydrates_(Binkley)/Radical_Reactions_of_Carbohydrates_II%3A_Radical_Reactions_of_Carbohydrates/09%3A_Phosphoric_Acid_Esters/III._Radical_Cation_Formation_from_Nucleotides?no-cache

