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TTF-Cytosine Dyad as an Electron-donor Molecule Having Proton-accepting Ability:
Formation of Hemiprotonated Cytosine Dimer in I3~ Salt
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A tetrathiafulvalene (TTF) derivative with a cytosine moiety
was designed and synthesized as a bi-functional molecule
with both electron-donating and proton-accepting abilities. In
the crystal of I3~ salt, TTF—cytosine dyad formed a hemiproto-
nated dimer through triple hydrogen-bonds with radical cationic
state of the TTF moieties.

An attractive application based on the bio-molecule inspired
functional molecular systems are rapidly spread in the field of
materials science.! Cytosine possesses a self-assembling nature
to form a hydrogen-bonded (H-bonded) dimer having double
N-H--N interactions under neutral condition.? Interestingly,
due to a proton-accepting ability, two cytosine molecules catch
one proton under acidic condition, forming a hemiprotonated
cytosine dimer with triple H-bonds (Chart 1).> This unique
self-assembling ability was utilized in charge-transfer (CT) salt
of pristine cytosine with TCNQ derivative, in which the dimer
acted as cationic part in the salt.* Our previous study on H-bond-
ed CT complex of TTF-imidazole (D) with p-chloranil (A)
revealed the new role of H-bond to control electronic structure
by regulating electron-accepting ability of p-chloranil and the
donor/acceptor ratio by forming a D-A-D triad.> In order to
expand examples involving these new roles of H-bonds, recent
our attention is concentrating on nucleobase systems with TTF
moieties, i.e. TTF-U (Scheme 1).% Focusing on the hemiproto-
nated cytosine dimer, we have designed a novel TTF—cytosine
dyad (TTF-C) in this study (Chart 1). Here, we report the synthe-
ses and crystal structures of TTF-C and a hemiprotonated
cytosine dimer in its I3~ salt, demonstrating a high potential of
TTF-C for H-bonded electron-donor molecule in a complemen-
tary triple H-bonded cationic dimer.

TTF-C was obtained as an orange powder by the Stille
cross-coupling reaction of SnBujz-substituted TTF 1 with iodo
derivative of 1-n-butylpyrimidin-2-one followed by treatment
of aqueous NHj solution (Scheme 1).” As an alternative method,
a transformation of TTF-U® by two steps (mesitylenesulfonyla-
tion and substitution by ammonia) also gave an effective way to
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Scheme 1. Reagents and conditions: i) n-BuLi then Bu3;SnCl,
—78°C, ii) 1-n-butyl-5-iodo-4-(o-nitrophenoxy)pyrimidin-2-
one, Pd(PPh3)4, Ar = o-nitrophenoxy, iii) aqueous NHj solu-
tion, THF, rt, iv) 2-mesitylenesulfonyl chloride, dimethylamino-
pyridine, and triethylamine, rt, then aqueous NH3 solution.

TTF-C. Notably, this molecule possesses a reasonable solubility
toward common organic solvents in spite of a cytosine deriva-
tive. Cyclic voltammetry (CV) measurement of TTF-C in a DMF
solution showed two-stage one-electron oxidation waves (see
Supporting Information).? The first oxidation potential exhibited
a positive shift (0.06 V) compared with that of TTF, indicating
that the cytosine moiety worked as a weak electron-withdrawing
group.

Single crystals of TTF-C containing crystal water, TTF-C-
H,O, were obtained as orange blocks by vapor-diffusion method
using hexane-CH,Cl,.° Dihedral angle between TTF and cyto-
sine moieties is 31.8°. TTF-C forms complementary quadruple
H-bonds, two of which are direct N-H---N bonds (2.98 A) and
the other two bonds are through water molecules (Figure 1).
The H-bonded dimer was connected by intermolecular O---S
contacts and 5T---77 interactions, resulting in the formation of a
two-dimensional network.® In the IR spectrum measured by
KBr pellet, the absorption band of 1674cm™! is attributed to
C=O0 stretching mode.® The broad N-H stetching absorptions
are observed around 3080cm™' due to N-H--N and N-H--O
H-bonds. IR data and H-bonding distances of the cytosine moie-
ty of TTF-C+-H,O are similar to those reported for 1-methylcy-
tosine.®10

A I3~ salt of TTF-C was obtained as black platelets by
the diffusion method using TTF-C and I, in 1,2-dichloroethane
solution.!! This I3~ salt was composed of crystallographically
equivalent two TTF*-C, and three I3~ as determined by X-ray
structure analysis (Figure 2).%!? Furthermore, considering the
total balance of charge, a proton with 0.5 of site occupancy
factor was disordered into two cytosine moieties. This proton
might be derived from HI which was generated from contami-
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Figure 1. Crystal structure of TTF-C-H,0. H-bonded dimer
structure through complementary quadruple H-bonds including
H,0 molecules. Hydrogen atoms are omitted for clarity.
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Figure 2. Crystal structure of (TTF*-C),-H'+(I37)3. (a) Hem-
iprotonated dimer through complementary triple H-bonds. (b)
Two-dimensional network through the I--S contacts (red color
line) and H-bonds (blue color line). Hydrogen atoms (a and b)
and the n-butyl group of the cytosine moiety (b) are omitted
for clarity.

nated H,O and decomposed I,. Consequently, the molecular for-
mula of the I3~ salt was determined as (TTF*-C),-H*-(137)3,
confirming a formation of the hemiprotonated cytosine dimer
through complementary triple H-bonds (Figure 2a). The N—
H--O and N-H--N distances between the cytosine moieties
were 2.79 and 2.83 z&, respectively, which are almost the same
as those of the known hemiprotonated cytosine dimers.®!> The
IR spectrum in KBr also corroborated the formation of this dimer
structure: The absorption band attributed to C=O stretching
mode was observed in 1733cm™'. This data was similar to
that of reported hemiprotonated cytosine dimers.®!3 The radical
cationic state of TTF-C may influence the molecular structure:
The larger dihedral angle of 131° between TTF and cytosine
moieties than that of neutral TTF-C-H,O indicates the effect
of electrostatic repulsion between the TTF radical cation and
the cationic hemiprotonated cytosine dimer. In the crystal struc-
ture, there were some I---S contacts of 3.55-3.75 A between
TTF*-C and 5, resulting in the construction of a two-dimen-
sional network (Figure 2b).®

In summary, TTF-C was newly synthesized as an electron-
donor molecule with proton-accepting ability. Reflecting such
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features, TTF and cytosine moieties adopted the radical cationic
state and the hemiprotonated dimer in the I3~ salt, respectively.
These results open a new possibility for preparing a highly
conductive CT complex having a partial CT state of TTF moiety
in the hemiprotonated cytosine dimer motif by using an appro-
priate electron-acceptor molecule. Current studies are carried
out in this direction.
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