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ABSTRACT

1 R=CHg, CigHyy

The synthesis of a class of highly ~ z-extended tetrathiafulvalene derivatives (1a and 1b) was explored using Sonogashira macrocyclization as
a key step. The solid-state structure of 1b was characterized by X-ray single crystallography, showing a substantially bent, S-shaped molecular
backbone and an ordered packing geometry ina  z-alkyl —alkyl- &z stacking fashion. Electronic and redox properties of 1b were investigated by
UV-vis absorption, fluorescence spectroscopy, and cyclic voltammetry.

Synthesis of z-extended tetrathiafulvalene analogues systems as centratspacers for new exTTF variants. Marti
(exTTFs) has been an intense and active area in the researcand co-workers in 2005 reported a class of exTTFs contain-
of organic electronic materialsFor the design of various ing a unique spiroconjugated central céta.1991, Bryce’s
TTF derivatives, insertion of-conjugated spacers such as group synthesized a series of bianthro-TTRehich were
vinylogous and/or acene units in between the two dithiole later thoroughly investigated by Guldi and co-workers.
rings of a TTF parent structure constitutes a popular and Nielserf and Diederichhave developed a class of conjugated
effective approack?A prominent class of exTTFs derived enyne oligomer bridged exTTFs, while most recently a
from this approach is the quinonoid-type exTTR&9 which sophisticated cyclic aromatic structure, truxene, was em-
usually exhibit significantly enhanced electron-donating and ployed by the Mafn group to generate a type of truxene-
charge-transfer properties as well as extensive applicationscored exTTFS.
in molecular optoelectronic materials and devices. Among the numerousr-conjugated cyclic and acyclic
Lately, much attention has been devoted to the use of structural motifs that have been employed as spacers for
structurally complex and highly extended-conjugated
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exTTFs, conjugated enyne macrocycles are still relatively containing organic materials. Fundamentally important knowl-
unexplored, despite the fact that conjugated macrocycles haveedge on ther-electron delocalization pattern and aromatic
been known to possess many attractive properties of bothcharacteristics associated with the conjugated enyne cyclic
theoretical and practical value to supramolecular, biological, system¥ in both neutral and oxidized (e.g., dicationic) states
and materials scienceTo shed more light on this issue, a can be rigorously established by both theoretical and

new type of highlyr-extended TTF analoguds(Figure 1)
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Figure 1. Molecular structures of compoundsin neutral and
dicationic states.

experimental methods. On the other hand, the unique
optoelectronic properties arising from the enyne macrocycle
unit®2beand possible reactivity of Bergman-type cyclization
at the endiyne fragmerifamay create new avenues for other
synthetic ventures and practical explorations.

Construction of such a complex conjugated systemi as
is not trivial and requires prudent choice of efficient synthetic
routes to prepare dithioleacene precursors and suitable ring
closure strategies to build the enyne macrocycle. In this work,
a convergent route using iterative olefination and metal-
catalyzed cross-coupling reactions as key steps was em-
ployed. A brief retrosynthetic bond disconnection analysis
is given in Figure 1, while detailed synthetic steps are
outlined in Scheme 1. The synthesis began with a reaction
between thion€a or 2b'? with excess anthraquinorgin
triethyl phosphite at 150C, yielding ketonesta and 4b,
respectively. This methodology originally developed by
Bryce?2turned out to be particularly effective in the synthesis
of long-alkyl chain substituted compourih. Compounds
4a,b were then subjected to a Corelfuchs reaction to afford
dibromidesb5a and5b. A Sonogashira coupling betweén
and trimethylsilylacetylene (TMSA) under Pd/Cu catalysis

are introduced below, whose main structural features includeresulted in compound8ab. Finally, compound$a and6b
a conjugated bisbenzo enyne macrocycle core and twowere reacted witlo-diiodobenzene via a Sonogashira-type

dianthro units.

high-dilution macrocyclization protocol, furnishing the de-

Incorporation of the enyne macrocyclic unit would rep- sired productsla and 1b. Besides the cyclization product,
resent a significant step in the development of novel TTF- various acyclic oligomeric byproducts were also formed in

Scheme 1. Synthesis of exTTF4 and Reference Compourgl
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this reaction as characterized by MALDI-TOF MS analysis. planar conformation, while the two dithole rings are in a
The yield oflawas trace, and complete isolationlatfrom nearly perpendicular orientation versus the central cyclic
concomitant byproducts by flash column chromatography enyne plane. The interplanar angle between the two planes
was not tenable. The low yield and difficulty encountered of adjacent dithiole and anthracene units is measured &ft,15.5
in purification of 1a could be a consequence of the poor while the angle between the dithiole ring and central cyclic
solubility of the methyl-substituted exTTEa. For n-decyl enyne plane is at 793These angles are in line with those
chain decorated exTTEb, the solubility was dramatically  bend parameters observed in the crystal structures of quino-
increased, and a better yield of 26% was achieved in the nedimethane-type exTTR&¢

macrocyclization step. Compouid was thoroughly purified In the crystal lattice, two molecules dfb are closely

by silica flash column chromatography and then fully positioned in a manner as depicted in Figure 2b. The chain
characterized by IRH and**C NMR, and MS analyses. In  |ength of n-decyl groups inlb and the central bishbenzo-
addition to exTTFslab, a reference compouriwas also  cyclic enyne moiety effect a-alkyl—alkyl-z intermolecular
prepared for comparison purposes via cross-coupling desi-stackingz¢ interlocking the two molecules orthogonally with
lylated 6b with excess iodobenzene under Pd/Cu catalysis. respect to one another.

Interestingly, when a 1:1 molar ratio of desilylatéd and Electronic properties oflb and its “half-structure”,
iodobenzene was applied in this coupling reaction, a sig- compounds, were investigated by U¥vis and fluorescence
nificant amount of homo-cross-coupled byprodiiotas also  spectroscopic methods. Comparison of the propertidof
produced, which can be viewed as well as an exTTF variant anqd 8 has disclosed essential information with respect to
extended by acene and acyclic cross-conjugated Oligo(enyne)structure—property relationship. Figure 3a shows the YV

m-spacers:’
Siﬂgle Crystals ofilb were grown thrOUgh slow diffusion _

of MeOH into a CHC} solution of1b at 4°C. The crystal

structure oflb was then investigated by X-ray crystal- 40000 — . ' '

lographic analysis. Two structurally similar polymorphs were x\ (a) - —

observed in the single crystal db. Figure 2a shows the 30000
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Figure 3. (a) UV—vis absorption spectra db and8 measured in
CHCls. (b) Fluorescence spectra dif (lex = 531 nm,® = 0.13)
and8 (lex = 447 nm,® = 0.064) measured in degassed CKICI

Figure 2. (a) ORTEP drawing of compoundb at the 50%
probability level (-decyl chains were removed for clarity). (b)
Solid-state packing of two molecules 4 in the unit cell. Selected . 0
bond Iengthps (A):gczsc24 1.361(5), C24C37 1.474(6), C32 VS Spectra oflb and 8. Compound1b exhibits three
Cc37 1.410(5), C31C32 1.478(7), C31C38 1_374(7), C38C40 Slgnlflcant absorptlon bands at 528, 419, and 387 nm,
1.431(5), C46-C41 1.189(5), C43C42 1.439(5), C42C47 1.429- respectively, while referenc@ shows only two absorption
(7). Selected bond angles (deg): C&524—C37 114.9(3), C36
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bands at 446 and 347 nm. The lowest-energy absorption ban{ N NG

of 1b, relative to that of its half-structu® has substantially  t.p1e 1. Redox Potential Data of Compountls and8 (vs
red-shifted by ca. 3482 crh, indicating that the HOM& Ag/AgCl)
LUMO gap of 1b has been substantially reduced due to the

extensiverr-delocalization at the central enyne cyclic con- oxidation (V) reduction (V)

jugated unit. entry Eya Ep. Epa Epe
The fluorescent properties b and8 are delineated in 1b 0.98, 1.32 0.73,1.10 —0.23

Figure 3b. The maximum emission pedk,{ of 1b appears 8 1.01,1.25 0.16, 1.02 —0.26

at 628 nm, a wavelength red-shifted by 44 nm (12009m
versus tha}t 08 (584 nm). This observation is consistent with | the oxidation region, two irreversible redox wave pairs
the UV—vis results which show that exTTEb has smaller 516 giscernible in both compounds. The redox potentials are
HOMO—LUMO gap than doe8. The fluorescence quantum ery similar except for the first cathodic peak potential. For
yield of 1b (® = 0.13) is about double that of itS  compounds, the value has dramatically shifted to 0.16 V
half-structure8 (® = 0.064), which is counterintuitive with o |ative to that of exTTHEDb at 0.73 V. The resemblance of
respect to expectations based on energy gap laws. Detailed , anqg in oxidation profile indicates that exTTEb retains
Franck-Condon line-shape analyses as a function of tem- 5 gjectron-donating ability quite similar to its half-structure
peraturé® are currently underway to characterize the lowest 8. The loss of TTF-like electron donating ability Itb can
lying emitting state. _ be presumably attributed to the substantial energy cost
Electrochemical redox properties dfo and 8 were required to planarize its highly bent structure upon oxidation.
characterized by cyclic voltammetry (see Figure 4 and Table |, summary, we have developed a new synthetic entry to
a class of dianthreenyne macrocycle based exTTF deriva-
] tives. Insertion of macrocyclic enynespacer into TTF has
brought about interesting solid-state packing and electronic
' ' ' ' ' ' ' absorption/emission properties to exTIB, but rendered it
a poorer electron-donor than those exTTFs with relatively
or 1 shorterz-spacerg. 8 Nevertheless, this work represents the

T
1
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< —
g 1005 first experimental exploration of such type of exTTFs, and
= -le-l r 1 . . .
3 will serve useful guidance in further quest for new molecular

-2e-005 | - hybrids made up of TTF and conjugated cyclic oligo(enyne)

 J— building blocks.
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