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ABSTRACT

BADTs
R =H, CHg, CgH13, C12H2s

1,4-Dithienyl-2,5-divinylbenzenes are readily available compounds that undergo oxidative photocyclization to afford bent anthradithiophenes
(BADTS). The new parent and didodecyl-functionalized derivatives have been structurally characterized, and their absorption and emission
spectra are reported.

Acenes have optical and electronic properties that areof LADTs approach that of pentacene while showing

desirable for application in organic-based electronic devices improved oxidative stability. In addition, theoretical studies

such as organic field-effect transistors (OFETs) and light- have suggested that increasing the cofacial interactions
emitting diodes (OLEDSs).Incorporating heteroarenes such between adjacent LADT molecules could lead to improved
as thiophene into these frameworks has been part of an

ongoing effort to prepare new materials with improved device _

performances.

Linear anthradithiophenes (LADTS, Figure 1) have been RR
prepared for use as semiconductors in OFETADTS are \ S
R=H

of particular interest because they possess a rigid conjugated s
framework that is structurally analogous to pentacene, an E:gSHﬁs <|1/)7R>
organic semiconductdrThese heteroacenes are prepared as R = CraHon

a mixture ofsynandanti isomers that form highly ordered .
polycrystalline films by vacuum evaporation. Hole mobilities Figure 1. LADTSs.

(1) Anthony, J. EChem. Re»2006,106, 5028.

(2) () Yamamoto, T.; Takimiya, KI. Am. Chem. So2007, 129, 2224. device performanceésAnthony and co-workers have pre-

(b) Wex, B ﬁiifkagfsn'b'_?"C]R_'j\,,ifgrr_ogﬂg%%ag"%evﬁg'l_L(C'?aﬁgirrzke" pared a series of silylethynyl-functionalized LADTSs that have

F.; Santato, C.; Melucci, M.; Favaretto, L.; Gazzano, M.; Muccini, M.; improved solubilities and favorable solid-state packing
Barbarella, GAdv. Mater.2006, 18, 169. (d) Xiao, K.; Liu, Y., Qi, T ; motifs® More importantly, thin fims of these compounds

Zhang, W.; Wang, F.; Gao, J.; Qiu, W.; Ma, Y.; Cui, G.; Chen, S.; Zhan, ) bl ? )lllt' d exhibit dh |p bili
X.; Yu, G.; Qin, J.; Hu, W.; Zhu, DJ. Am. Chem. So@005,127, 13281. ~ &ré processable from solution and exhibit good hole mobili-
(e) Takimiya, K.; Kunugi, Y.; Konda, Y.; Niihara, N.; Otsubo, J. Am. ties that can be further improved by annealing the films with
Chem. Soc2004 126, 5084. (f) losip, M. D.; Destri, S.; Pasini, M.; Porzio, solvent vapo?

W.; Pernstich, K. P.; Batlogg, BSynth. Met2004,146, 251. (g) Li, X.-C.; ’
Sirringhaus, H.; Garnier, F.; Holmes, A. B.; Moratti, S. C.; Feeder, N;

Clegg, W.; Teat, S. J.; Friend, R. H. Am. Chem. S0d.998,120, 2206. (4) Laquindanum, J. G.; Katz, H. E.; Lovinger, A. J.; Dodabalapur, A.

(h) Laquindanum, J. G.; Katz, H. E.; Lovinger, A. J.; Dodabalapuidv. Chem. Mater1996,8, 2542.

Mater. 1997,9, 36. (5) Kwon, O.; Coropceanu, V.; Gruhn, N. E.; Durivage, J. C.; Laquin-
(3) Laquindanum, J. G.; Katz, H. E.; Lovinger, A.JJ.Am. Chem. Soc. danum, J. G.; Katz, H. E.; Cornil, J.; Brédas, J.JL.Chem. Phys2004,

1998,120, 664. 120, 8186.

10.1021/0l071387e CCC: $37.00  © 2007 American Chemical Society
Published on Web 08/09/2007



In this work, we were motivated by the hypothesis that parent BADT is planar and shows a small extent of cofacial
bent anthradithiophenes (BADTS), structurally analogous to overlap between adjacent molecules (Figure 2). An inter-
dibenzp,hlanthracene, a structural isomer of pentacene, may
also be of interest for organic electronics applications. _
BADTSs are virtually unexplorédand there is no reported
route to the parent unsubstituted compound. Swager and co- (a)
workers have developed aryl-functionalized derivatives using 5
a chemical cyclization strategy; however, this is limited in w
scope’ : e T

Here we report a new route to luminescent BADTSs using W
an oxidative photocyclization-based synthetic strategy. This o
route also enables access to dialkyl-functionalized BADTS, (c) (d)
with the alkyl groups modifying both the solubility and e o
structural organization of the rigid BADT framework. .

The synthetic route to 1,4-di(2-thienyl)-2,5-divinylbenzene e
4aand its alkylated derivativetéb—d is outlined in Scheme
1. Compounds3a—d were prepared via a Pd(0)-catalyzed PP

(b) s R

Figure 2. (a) Thermal ellipsoid plot oba. (b) View down the
short molecular axis oba; the stacking axis is vertical. (c) View

Scheme 1 down the long molecular axis &a; the stacking axis is vertical.
H (d) View down the stacking axis of two cofacial moleculesbaf
é B, 1) ?_E%%SOH, (CH;CO),0, 0
-~ FBr Br Br Br
g 2) HpS0s CH,CHOH M0 planar distance of 3.46 A indicates the presencerefr
; Hz interactions along the intermolecular stacking axis. For

comparison, dibenz[a,h]Janthracene crystallizes into a her-

R\Q/Sn<su)3 N o cponar R — ringbone arrangement (P2r Pcap) With no intermolecular
R li a L T\M)j;g:(/l cofacial interaction&? Thus, the incorporation of thienyl
S
o R
H

/ S i
- _ SR groups appears to enhaneestacking in the crystal lattice.
The XRD pattern of a thin film obaprepared by vacuum
3a R=H,  60% p evaporation (Figure 3a) exhibits two strong reflections
o RIGE. % RoGil. 74% corresponding to the (1,0,—1) and (2,0,—2) planes assigned
34 R=Caaflas, 46% 4 R= 0ok 80% from the diffraction pattern calculated from the single-crystal
BV o O Sa R=H,  40% ®=036 XRD dgta. The thin film is highly crystalli_ne,_with reflec_tions
R 1D ) O W 0 ek indicating that the molecules in the thin film are oriented
Q $7 R 8d R=Cratzs, 56%, 0= 066 with their long molecular axes nearly perpendicular to the

substrate surface, a phenomenon seen in oligothiophenes as
well as in LADTs31!

Stille cross-coupling reaction betwe2mnd the appropriate Single crystals obd were grown from cold chloroform
2-(tributylstannyl)thiophene. Wittig olefination of the di- and the structure was determined by XRD (Figure 4a).
aldehyde species with methyltriphenylphosphonium bromide Functionalizing the thienydt-positions with dodecyl chains
offered compoundda—din good yield. The BADTSa—d imparts a larger degree of cofacial slipping along both the
were prepared by irradiating dilute benzene solutions of short and long molecular axes (Figure 4b). The interplanar
4a—d with UV light. Unlike the parent LADT and its stacking distance of 3.49 A is indicative of-7 interactions
alkylated derivatives, compoun8s—d are formed as single ~ @long the stacking axis.

isomers and are readily soluble in common organic solvents In the solid state, the molecules are organized into a

at room temperature, thus enabling purification by column lamellar packing arrangement with the rigid central motif
chromatography. separated by dodecyl chains (Figure 4c). The XRD pattern

of a thin film of 5d prepared by vacuum evaporation exhibits
e Six strong reflections that correspond to the (0,0,1) through

(0,0,6) planes. The molecules are oriented with the long

molecular axes inclined approximately°4&ith respect to

Crystals of5a suitable for single-crystal X-ray diffraction
(XRD) studies were grown from cold dichloromethane. Th
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Figure 3. X-ray diffractograms of films of (apa and (b)5d on
glass substrates deposited by vacuum evaporation.

The higher energy peaks in the solid-state emission
spectrum of the thin film oba are similar to those found in
the solution-phase spectrum of this compound (Figure 5a).

Figure 5. (a) Excitation spectrum oba in solution (black).
Emission spectrum d@ain solution (blue) and as a thin film (red).
(b) Excitation spectrum did in solution (black). Emission spectrum

the (0,0,1) plane that is parallel to the substrate surface. Thesef 5d in solution (blue) and as a thin film (red).

reflections are consistent with those observed in films
prepared from the didodecyl derivative of LA Buggesting
that this compound packs into a similar arrangemerichs

Figure 4. (a) Thermal ellipsoid plot 05d. View down thea-axis.
(b) View down the “stacking axis” of two cofacial molecules of
5d with dodecyl chains omitted. (c) Space-filling diagram Suf
illustrating packing structure. Sulfur atoms are yellow,3-sp
hybridized carbon atoms are gray, anékybridized carbons atoms
are purple.

The solution-phase UV/vis absorption spectra of com-
pounds5a—d (see Supporting Information) exhibit nearly
identical featuresinax between 304 and 311 nm), and are
similar to the absorption spectrum of dibemb]anthracené?
although slightly red-shifted. Compoun8ia—d exhibit blue

luminescence in solution with emission maxima between 408

and 427 nm, and quantum yield®4 of 0.36—0.66 (see
Scheme 1).
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At longer wavelengths, however, the emission intensity from
the thin film is greater and a new peak is present at 486 nm.
The emission spectrum &d (thin film) is also red-shifted
relative to solution. The broad red-shifted emission features
are attributed to intermolecular interactions in the micro-
crystalline film!® and are possibly related to the—x
stacking observed in the solid-state structures.

In summary, we report here a new family of acene-
dithiophenes, the dithieny[h]anthracenes, prepared via
double oxidative photocyclization of precursofsa—d.
Single-crystal and powder XRD studies demonstrate that
films prepared via vacuum evaporation are highly crystalline
with a preferred specific orientation relative to the substrate
surface. Compoundsa and5d adopt packing motifs in the
crystalline phase displaying different degrees of cofaciair
interactions, and show red-shifted emission spectra in the
thin films relative to solution. The incorporation of these
luminescent compounds into OLEDs and OFETSs is being
investigated.
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