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We demonstrate that incorporating nonplanar spiro-bridged structures is an effective strategy for tuning supramolecular interactions of
optoelectronic functional moieties. In the model compounds spiro-bridged oligothiophene- S,S-dioxides (BSiSDTFO), unusual dimers constructed
by spiro-bridged spacers do not form excimers, which is confirmed by crystallographic data and fluorescent emission spectra.

Optoelectronic materials based@itonjugated organic mole-  processes in the solid stétdzor example, the photolumi-
cules have attracted much attention due to their applicationsnescence (PL) efficiency of oligothiopheSeS-dioxides in

in organic light-emitting diodes, organic field-effect transis- the solid state obviously depends on molecular conformations
tors, nonlinear optics, solar cells, and biosensors, Egplor- and supramolecular organizatiohim addition, weak supra-

ing good candidates for these applications relies on not only molecular interactions based ar-7 stacking is common

the design of molecules at the molecular level but also the to many aromatic molecules, under which various supramo-
elaboration of supramolecular structures because the lattefecular objects have been formed, such as dimers, excimers,

strongly impacts the electronic structures and photophysical J-aggregatedi-aggregates, and cross dipole stackitigsus,
one way to further improve the optoelectronic properties of

T Nanjing University of Posts and Telecommunications (NUPT). _ﬂ'conju_gateq organic mmeCUIes is to control supramolecular
* Fudan University. interactions in the solid state.
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Our objective is to utilize rigid geometric factors, e.g.,
macromolecular diskshelical macromoleculesand cross-
shaped spiro structurés$o tune supramolecular interactions
among optoelectronic functional moieties. Different kinds
of geometric conformations could be favorable or unfavor-
able for the alignment of functional groups by participating

in the short intermolecular interactions or acting as spacers.

Therefore, incorporating unique rigid geometric conforma-

tions into the optoelectronic groups is a very good approach
to explore novel optoelectronic materials with high perfor-

mance. In this communication, we demonstrate that incor-
porating nonplanar spiro-bridged frameworks into thiophene-
S,S-dioxides is an effective way to tune supramolecular
interactions of oligothiophene-S,S-dioxide chromophores.

Scheme 1. Synthetic Route to BSISDTFO
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However, spiro-bridged biS;S-dioxides were still not ob-

Some unusual dimers constructed by spiro-bridged spacerdained, although largely excessime CPBA was attempted.

do not form excimers, which were confirmed by crystal-

The structure of BSiISDTFO was confirmed #y and*3C

lographic data and fluorescent emission spectra. The weakNMR, MALDI-TOF MS, elemental analysis, and single-

intermolecular supramolecular interactions among thiophene-

crystal X-ray diffraction. Single crystals of BSISDTF and

S,S-dioxides were greatly depressed due to the existence oBSISDTFO were obtained from a G@l,/alcohol solutiorf.

biphenyl moieties as an “insulated spacer”, which is ben-
eficial to the fluorescent quantum efficiency in the solid
state.

The synthetic route of model compound BSISDTFO is
outlined in Scheme 1. The spirodithiophenefluorene (SDTF)
was prepared following the synthetic route of spirobifluorene.
Addition of the 3,3-bithienyl Grignard reagent to fluorenone
gave the tertiary alcohol, followed by FriedeCrafts dehy-
dration cyclization in a mixture of hydrochloride and acetic
acid to obtain SDTF in an almost quantitative yield.
BSiSDTF was easily obtained by 2 equiv ofBuLi with
SDTF followed by quenching the Mé-BuSiCl reagent.
BSISDTF was oxidized at the thienyl sulfurs by-CPBA
to afford stable mon&S-dioxides BSiISDTFO in 60% vyieldl.
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There is a slight lengthening of the-G bond next to the
oxygen atom in BSiSDTFO (from mean values of 1.740 and
1.703in BSiSDTF to 1.772 and 1.744 in BSiISDTFO), which
implies loss of the aromatic conjugation due to oxidation of
the sulfur atom. Various short intermolecular contacts
participate in the molecular packing of BSiSDTFO, including
C—H---O, C—H---S, and CH---r hydrogen bonds anad—x
stacking (Figure 1). The typical-€H---O distance of 2.591
A'is consistent with 2.57 A, which was observed in the rigid-
core oligothiophene dioxidé8 However, no extremely short
S---O and S-S separations in BSiISDTFO were observed,
which are the main driving forces to promote self-assembled
three-dimensional networks in planar oligothioph&h8-
dioxides!! Therefore, it is natural to conclude that spiro
frameworks play an important role in interrupting the
supramolecular interactions between S and O atoms or S and
S atoms that lead to the formation of excimer emission and
the increase of the self-quenching probability in the solid
state.
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Figure 1. Two types of dimeric arrangements within BSiISDTFO 0.2 0.2
molecule crystals through—s stacking of the antiparallel interac- ' ’
tions of two fluorene planes and C—H-:--:O/C—H---S hydrogen
bonding of intermolecular interactions. 0.0 0.0
300 350 400 450 500 550 600 650 700

Wavelength (nm)

Despite the fact that thienyl sulfur and the sulfonic oxygen Figure 2. UV and PL spectra of BSISDTFO in cyclohexane,
of BSISDTFO are involved in many short intermolecular CHCI;, and a solid film.
contacts up to 12 types, most of the short contacts occur
between the carbon of fluorene and the thienyl oxygen or
sulfur instead of among the chromophores of thiophge- ascribed to HOMO—LUMO charge-transfer excitation, has
dioxides. In addition, crystallographic data show that BSiS- a positive solvatochromic shift (red shifts) with increasing
DTFO has two different types of recognizable “dimers” with solvent polarity, indicating higher polarity exists in the
antiparallel head-to-tail stacking of fluorene ring interaction excited state than in the ground state. On selective excitation
planes, in which three-dimensional organization is achieved of 310 nm, the PL emission spectrum of BSiSDTFO in
through one face-to-face—s stacking intermolecular in-  cyclohexane shows a green emission band with a maximum
teraction with distances of 3.499 and 3.439 A, respectively, at 488 nm. However, the PL maximum emission of BSiS-
and two pairs of &H---O or C—H---S intermolecular DTFO in CHCE is red shifted by 27515 nm, indicating a
interactions (Figure 1). The above X-ray results indicate that strong polar character of the excited-state species in the
the spiro-type spacers render the molecular structure ex-presence of the thiopher&S-dioxide. Compared with that
tremely bulky compared to the planar structures, which not in solution, the PL maximum emission in the solid film has
only increases the molecular rigidity but also hinders close a red shift of less than 15 nm, which indicates that no excimer
packing and intermolecular interaction of chromophores. was formed although two recognizable dimers were found
Consequently, the introduction of a spiro-type linkage into in crystal analyses. It is worth mentioning that the emission
thienyl-S,S-dioxides probably is favorable for the improve- is originally from energy transfer because the band at ca.
ment of the luminescent quantum yields in the crystallization 370 nm can always be found in nonpolar cyclohexane,
state. strongly polar CHG, and the solid film. In addition,

The absorption and PL spectra of BSiSDTFO i3l BSiSDTFO exhibits much higher quantum efficiency in the
solutions of nonpolar cyclohexane and highly polar CHCI solid state (ca. 20%) than that in the CH&blution (3%).
and in the solid film are shown in Figure 2. The absorption  Quantum chemical calculations based on ab initio B3LYP/
spectrum of BSISDTFO is comprised of two peaks at ca. 6-31G* gave the electronic densities and energies of the
258 and ca. 310 nm and a weak and broad band at ca. 400HOMO and LUMO frontier orbitals of BSISDTFO. The
nm in both solvents. The band at ca. 400 nm, which can be lowest singlet excited state of BSISDTFO is mainly localized
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on the oxygenated moieties, whereas the LUMO of the | NG

corresponding BSiSDTF is more dispersed along the entire a1 1. Electrochemical Properties of BSiSDTF and
aromatic backbone of fluorene. BSiSDTFG

For comparison, the cyclic voltammograms (CVs) of
BSiISDTFO together with BSiISDTF in the oxidation and
reduction domains are provided in Figure 3. The HOMO

Eonset™  Eoset™®  HOMO  LUMO E,
compound V) V) (eV) (eV) (eV)

BSiSDTF 0.83 —2.76 —5.68 —-1.99 3.59

L

a Determined from cyclic voltammetry in GEI, for oxidation potentials
and in THF for reduction potentials (0.1 MBwN*"PR~ as a supporting
electrolyte) using Ag/Ag (0.01 M) as a reference electrode at a scan rate
of 100 mV/s.’"HOMO and LUMO levels were determined using the
following equations: HOMO/LUMO= —e(Eynset— 0.0468 V)— 4.8 eV,
where the value 0.0468 V is for FOC vs Ag/Ag

i.e., on the electron affinity, and a much smaller effect on
the oxidation process, i.e., on the ionization potential.

In conclusion, a strategy to control the supramolecular
interaction among chromophores has initially been developed
by incorporating spiro-bridged frameworks into oligoth-
iopheneS S-dioxides, which has been confirmed by a single-
crystal X-ray diffraction study. Recognizable dimers instead
of excimers can be deduced from the combination of
crystallographic data analysis and optical spectra, which is
probably favorable for photoluminescence in the solid state.

Figure 3. Cyclic voltammograms of BSiSDTFO and precursor The improved electron affinity indicates that spiro-bridged
BSiSDTF measured at a scan rate of 100 mV/s. oligothiopheneS,S-dioxides are potential electron-transport-
ing and hole-blocking materials with high performance.
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Supporting Information Available: The experimental
procedures for the new compoundbs, NMR, °C NMR,
and MS spectra, and a molecular packing graph. This
material is available free of charge via the Internet at
http://pubs.acs.org.
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