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A positive charge, which was injected site selectively into
adenine (A) of a DNA double strand, migrates along (A+T)n
sequences in a distance independent way.

Recently, we have found that hole transfer between guanines
(G) in DNA double strands follow two different mechanisms.1
In cases where the distance between guanines is short, the rates
depend strongly upon the number of adenine+thymine (A+T)
base pairs. This is in accord with a single step charge shift
between the guanines where the A+T base pairs act as bridges
that do not carry the charge.2 But, if the guanines are separated
by long A+T sequences as in DNA 1, the distance effect
vanishes.1 We have explained this surprising result with a
mechanism in which a guanine radical cation (G·+) oxidises the
adjacent adenine in an endothermic reaction step (Fig. 1).1,3

After this rate determining injection step the charge is
transferred rapidly along the adjacent adenines until it is trapped
by the GGG unit. The charge was detected at the guanines by
their reactions with water, which led after base treatment to
cleavage products PG and PGGG, respectively (Fig. 1).4

We have now checked this mechanism using a DNA double
strand like 2 where the positive charge was directly injected into
an adenine base, which is situated inside the A+T sequence. As
injection system we synthesized the modified adenine 7 that
was incorporated into DNA oligomers. As shown in Scheme 1,
the synthesis of 7 starts from the deoxyribose derivative 3,
which was recently described by D. Crich.5 After formation of
the tert-butyl ketone and change of the protecting groups at C-5A
(3?4), the benzoylated adenine was introduced (4?5). In
further steps the appropriate protecting groups for the DNA
synthesis were attached at C-3A and C-5A (5?7). For experi-
ments with the monomer the 3A-OH group was phosphorylated
(9?10).6

We had observed earlier that photolysis of the 4A-pivaloylated
nucleotide 10a, which carries a guanine as base yielded the enol
ether 13a nearly quantitatively.7 This is because the inter-
mediate enolether radical cation 11a, which is generated by
photocleavage of the ketone and subsequent heterolysis,

oxidises guanine at C-1A much faster than it reacts with water.
On the other hand, with thymine as base (10b) no enol ether
(13b) was observed8 because the ionisation potential of T is
much higher than that of G.9 The redox potential of adenine lies
between that of thymine and guanine, and photolysis of 10c
gave enol ether 13b in 45% yield (Scheme 2).10 Thus, the
oxidation of the adenine base (b = A) by the enol ether radical
cation of 11c competes successfully with its trapping reaction
by water. This offers, for the first time, the possibility to inject
site selectively a charge into adenine of DNA double strands.

We therefore introduced the pivaloylated building block 7
into DNA double strands 14a,b, and generated the intermediate
adenine radical cation in 15a,b by photolysis.11 The positive
charge in 15a,b migrated towards the 3A- and the 5A-end until it
was trapped by the GGG sequences. The amount of the charge
reaching the guanines was detected by reaction of the guanine

Fig. 1 Charge injection into adenine (A) at the end (strand 1) or in the middle
(strand 2) of an (A+T)5 sequence.

Scheme 1 Reagents and conditions: i, t-BuLi, THF, 278 °C, 20 min, 77%;
ii, hn, NBS, CaCO3, CCl4, rt, 80%; iii, BzCl, DMAP (5%), 55 °C, 1 h, 82%;
iv, N6-benzoyladenine-TMS, SnCl4, MeCN, rt to 40 °C, 48 h, 60%
a+b(1+4); v, NaOH, Py/EtOH/H2O, 0 °C, 20 min, 70%; vi DMTCl, Py/Col
(1+1), MeCN, 60 °C, 83%; vii, TBAF, rt, 30 min, 80%; viii 2-cyanoethyl
N,N-diisopropylchlorophosphoramidite, EtN(i-Pr)2, CH2Cl2, rt, 30 min
84%; ix K2CO3, MeOH/H2O, 0 °C to rt, 24 h, 89%; x t-BuMgCl,
ClPO(OEt)2, THF, rt, 85%.

Scheme 2
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radical cations with water, which afforded products P3A and P5A
after subsequent strand cleavage (Scheme 3).12

First, we checked whether the efficiency of the charge
transfer towards the 5A-end is different from that towards the 3A-
end. It turned out that photolysis of 14a, where both sequences
between A·+ and the GGG units contain two A+T base pairs,
gave about the same amount of products P3A (55%) and P5A
(45%) (Fig. 2). In strand 14b one of the A+T sequences was
extended from 2 to 8 A+T base pairs. Nevertheless, we observed
nearly the same ratio of products P3A/P5A (Fig. 2). Thus, the
efficiency of the charge migration through the A+T sequences
alters very little depending on the number of the A+T base pairs
in these experiments.

If the positive charge hops reversibly between all adenines,
the charge transport via the stretch of 8 A+T base pairs of 14b
should be less efficient than via the stretch of 2 A+T base
pairs.2,4

But this is not the case as the data in Fig. 2 show. A possible
explanation is that the positive charge, injected into the adenine
is delocalized over adjacent A+T base pairs. According to this
suggestion, in well-organised sequences where the adjacent
base pairs of the DNA have nearly the same redox potentials, a
positive charge is not localised at one base pair but is distributed
over several base pairs. This is reminiscent of the ‘polaron’
picture for long distance charge transfer through DNA that was
discussed by G. B. Schuster13 and E. M. Conwell,14 or even of
the conductive band in a semiconductor.15 Further experiments
with this new assay will show how robust this charge
delocalisation is against changes in the A+T sequence.
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Scheme 3

Fig. 2 Histogram of denaturing polyacrylamide gels, obtained by subtrac-
tion of control experiments (irradiation of unmodified strands) from
irradiation experiments with the modified strand 14a (n = 1), and relative
yields of the strand cleavage products at the 5A- and 3A-GGG units for strands
14a (n = 1) and 14b (n = 4).
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