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Abstract: Soluble thienylenevinylene oligomers based on 3,4-dihexylthiophene with chain length approaching
100 A (16-mer) have been synthesized. Optical data obtained in solution and on solution-processed thin films
show that chain extension produces a narrowing of the HGMOMO gap (AE) and band gapHg) which

reach values significantly smaller than that of the parent polymer. Plat&@indEg vs the reciprocal number

of carbons in the chain (1/Cn) reveal a deviation from linearity beyond thel28mer suggesting a limit of
convergence around the 2@2-mer. Cyclic voltammetry shows that chain lengthening induces a negative
shift of the first redox potential, an increase of the number of accessible redox states, and a decrease of the
Coulombic repulsion in multicationic species. Thus, the 16-mer can be charged up to the hexacationic state
within a 0.60-V potential window. A plot of the potential of the various redox steps vs 1/Cn suggests full
coalescence into a single-step process for theZZBmer. A single process is indeed observed for solution
cast films of 16-mer, and the respective contributions of the intra- and intermolecular mechanisms in the
recombination process are discussed.

Introduction linear z-conjugated systems combining optimatelectron

delocalization with dimensions approaching the present limit

The control of the structure and electronic properties of linear o nanolithographic techniques i.e., the 100-A regime. Although
m-conjugated systems with multinanometer dimensions and well- simple polyenic structures should in principle exhibit optimal
defined chemical structure is the focus of considerable current ;_g|ectron delocalization, their lack of chemical and photother-
interestt In addition to their use as advanced materials for 5 stability represents a major drawback. Recently, more
electronic or photonic applicatiodts, these compounds have stablerr-conjugated oligomers based on thiophérgacetylene's
been intensively investigated to model the electronic and phenylenevinylend? phenyleneethynylen, and thiophene-
electrochemical properties of the parent polydisperse polymer. ethynylenés have been synthesized, and chain lengths reaching
While these research areas remain very active, the past few yearghe” hexadecamer stage and dimensions sometimes exceeding
have witnessed the rapid emergence of a widespread interest oo A have been reportééi5s" However, all these structures
related to the use of-conjugated oligomers as molecular wires  exhibit a more or less rapid saturation of the effective conjuga-
in molecular electronic devicés Such a purpose requires stable  tjgn length (ECL). Consequently, the width of the HOMO

T Universited’Angers.
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LUMO and band gaps converge toward a constant limit for chain
lengths significantly shorter than the maximum chain dimension.

(1) (a)Handbook of Conducting Polyme&lsenbaumer R. L., Skotheim,  Since this saturation effect originates frorrelectron confine-
T., Reynolds, J. R., Eds.; Dekker: New York, 1998. (b) RoncalGkkm. ment related to structural factors such as rotational disorder or

Rev. 1997 97, 173. (c) Tour, J. MChem. Re. 1996 96, 537.
(2) (a) Tasaka, S.; Katz, H. E.; Hutton, R. S.; Orenstein, J.; Frederickson,

resonance stabilization enerf{£ more planar and less aromatic

G. H.; Wang, T. TSynth. Met1986 16, 17. (b) Gamier, F.: Hajlaoui, R.;  oligomeric structures may exhibit improvedelectron delo-
Yassar, A.; Srivastava, Bciencel994 265 1684. (c) Dodabalapur, A,; calization.

L. Torsi, L.; Katz, H. E.Sciencel995 268 270. (d) Katz, H. EJ. Mater.
Chem 1997, 7, 369.

Although the excellent charge-transmission properties of

(3) Geiger, F.; Stoldt, M.; Schweizer, R.: @arle, P.; Umbach, EAdv. thienylenevinylene oligomers (nTVs) have been demonstrated
Mater. 1993 5, 922. in NLO chromophores or extended tetrathiafulvalene ana-
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Chem., Int. Ed. EnglLl995 34, 303. (g) Martin, R. E.; Gubler, U.; Boudon, 33, 1775. (f) Grosshenny, V.; Harriman, A.; Ziessel, figew. Chem.,
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logues? this class ofr-conjugated oligomers has attracted only thiophene® The enhanced solubility of these oligomers allows
limited attention so far. Unsubstituted nTVs uprte= 7 were chain extension up to the hexadecamer stage and to dimensions
first prepared by Kossmehl et al. in the late 19708lore approaching 100 A (Chart 1). The chain length dependence of
recently these compounds have been synthesized by othethe electrochemical and optical properties has been analyzed
groupst® while some cyclic versions of nTVs have been in solution and in the solid state, and the relevance of these
developed by Cava et &1. As shown by these various works, novel nTVs as models for the corresponding polymer or as
the rapid decrease of solubility with chain length has so far molecular wires is discussed.
hindered the synthesis of longer nTVs and the detailed analysis
of their electronic and electrochemical properties.

Recently, we reported the synthesis of soluble nTVs based
on 3-octylthiophene and 3,4-dibutylthiophene, and we analyzed The synthesis of the target oligomers is depicted in Scheme
the chain length dependence of their electrochemical and1l. We have previously reported the synthesis of nTVs from

Results and Discussion

electronic propertie¥? Although no saturation of ECL was

the dimer to the decam@rby means of a combination of

observed up to the decamer stage, further chain extension wagormylation reaction and McMurry dimerizatidd. However,

again hampered by solubility problef?. Consequently, the

ultimate values of quantities such as ECL, oxidation potential,

HOMO-LUMO gap, and band gap are still to be determined.

as chain length increases, selective monoformylation becomes
increasingly difficult and, for instance, formylation of the
tetramer invariably produced a mixture of mono- and dialde-

In an attempt to solve these problems, we report here the hydes difficult to separate. To circumvent this problem we

synthesis and characterization of nTVs based on 3,4-dihexyl-

(6) (a) Alberti, A.; Favaretto, L.; Seconi, @. Chem. Soc., Perkin Trans.
21990 931. (b) Chadwick, J. E. Kohler, B. B. Phys. Chem1994 98,
363L1. (c) Distefano, G.; Da Colle, M.; Jones, D.; Zambianchi, M.; Favaretto,
L.; Modelli, A. J. Phys. Chenil993 97, 3504. (d) Orti, E.; Viruela, P. M.;
Sanchez-Marin, J.; Tomas, F.Phys. Cheml995 99, 4955. (e) Horne, J.
C.; Blanchard, G. J.; LeGoff, El. Am. Chem. S0d.995 117, 955.

(7) (@) Rao, V. P.; Jen, A. K.-Y.; Wong, K. Y.; Drost, K. Tetrahedron
Lett. 1993,34, 1747. (b) Rao, V. P.; Cai, Y. M.; Jen, A. K.-Y. Chem.
Soc., Chem. Commuth994 1689.

(8) (a) Roncali, JJ. Mater. Chem1997, 12, 2037. (b) Elandaloussi, E.;
Frere, P.; Roncali, J.; Richomme, P.; Jubault, M.; Gorgueshdy. Mater.
1995 7, 390. (c) Elandaloussi, E.; Fes P.; Roncali, JTetrahedron Lett.
1996 37, 6121.

(9) (a) Kossmehl, GBer. Bunsen-Ges. Phys. Cheh®79 83, 417. (b)
Kossmehl, G.; Hael, M.; Manecke, GMakromol. Chem197Q 131, 15.

(10) (a) Nakayama J.; Fujimori, THeterocycles1991, 32, 991. (b)
Spangler, C. W.; Liu, P.-KSynth. Met.1991 44, 259. (c) Spangler, C.
W.; Bryson, P.; Liu, P.-K.; Dalton, L. RJ. Chem. Soc., Chem. Commun.
1992 253.

(11) Hu, Z.; Atwood, J. L.; Cava, M. Rl. Org. Chem1994 59, 8071.
(12) (a) Elandaloussi, E.; Fe P.; Roncali, JChem. Commurl997,
301. (b) Elandaloussi, E.; e P.; Richommme, P.; Orduna, J.; Garin, J.;

Roncali, J.J. Am. Chem. S0d 997 119, 10774.

adopted here a different strategy based on double formylation
followed by 2-fold Wittig—Horner olefination of the resulting
dialdehyde. Thus, except for the dimer and tetra@eand

43, prepared by McMurry coupling, all longers nTVs have been
synthesized by double WittigHorner olefination with phos-
phonate2e. This leads to an increase of chain length by four
units at each iterative step. 3,4-Dihexylthiopheni@)(was
synthesized from 3,4-dibromothiophene by nickel-catalyzed
cross-coupling with bromohexylmagnesium readéntils-
meier formylation of la gave aldehydelb in 88% yield.
McMurry coupling of aldehydedlb afforded dithienylethylene
2ain 74% yield. Monoaldehyd2b was prepared in 86% yield
by Vilsmeier formylation of2a. The use of a large excess of
DMF afforded the dicarbaldehydein 88% yield. Reduction

(13) Preliminary communication: Jestin, |.; Fee P.; Blanchard, P.;
Roncali, J.Angew. Chem., Int. EA.998 37,942

(14) McMurry, J. EChem. Re. 1989 89, 1513. Fustner, A.; Bogdanov-
ic, B. Angew. Chem., Int. Ed. Engl996 35, 2443.

(15) Tamao, K.; Odama, S.; Nakasima, |.; Kumada, M.; Minato, A.;
Suzuki, K. Tetrahedron1982 8, 3347.
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a2 Reagents and conditions: (a) PQ@MF/DCE, reflux; (b) TiCl,
Zn/THF, reflux; (c) NaBH/CH,Cl,—methanol, room temperature; (d)
PBry/toluene-benzene-5 °C, then NaH and HP(OELTHF —20 °C,
then reflux; (e)t-BuOK/THF room temperature.

of 2c with NaBH, gave the alcohoRd in 91% yield. Phos-
phonate2e was then prepared by reaction 2d with PBr; to
produce the corresponding bromo derivative, which was im-
mediately reacted with the anion of diethyl phosphite to give
the target Wittig-Horner reagent in 73% yield. McMurry
coupling of the carbaldehyd2b afforded the tetrameda in
86% yield. This compound was converted into the correspond-
ing dicarbaldehyddb by Vilsmeier formylation. The hexamer
6awas prepared in 84% yield by WittigHorner olefination of
the dialdehyd@cwith 2e  Conversion oBainto the dialdehyde
6b (yield 70%) and repetition of the whole procedure led
successively to the octam@&a, dodecamerl2a and hexa-
decamerl6ain 64, 55, and 30% vyield, respectively.

All nTVs were satisfactorily characterized by NMR, mass,
and UV-visible spectroscopies. In particular the all-trans
configuration of all double bonds was confirmed by comparison
of the UV—visible spectra (steady red shift &y absence of
cis band, well-resolved vibronic fine structure) with those of
partially substituted nTVs for which the all-trans structure was
previously established biH NMR.12° Due to the sensitivity

Jestin et al.

L2

Figure 1. ORTEP view of the dialdehydéb.

Table 1. UV-Visible Spectroscopic Data for nTVs in Gél;,
compd  Amax(nm) € AE? (eV)® Ao (nm) Eg (eV) Cn
2 360 18 000 3.30 383 3.01 10
4a 489 69 500 2.39 542 205 22
6a 548 109 000 212 621 180 34
8a 574 156 000 2.00 651 168 46
12a 595 206 000 1.95 676 160 70
16a 601 319 000 1.93 682 156 94

aFrom the maximum of the 0-0 transitiohOn films.

obtained only in the case of the tetrameric dialdehyie
Figure 1 shows the ORTEP view 4b. The side view confirms
the perfect planarity of the-conjugated system although every
second hexyl chain lies outside the plane of #heonjugated
system while the corresponding carbons present large thermal
ellipsoids. Extrapolation of the chain length 41 leads to an
estimated length of 96 A fot6a, in excellent agreement with
the 95 A obtained by optimization of the geometry by the MM
method!®

Electronic Absorption Spectroscopy. Table 1 lists the main
electronic absorption data for the various nTVs in solution and
in the solid state. Chain extension leads to the expected
bathochromic shift of the absorption maximuringy), to a
narrowing of the HOMG-LUMO gap (AE)'” and to an increase
of the molecular extinction coefficient), Thus, forl6a Amax
and € reach values of 601 nm and 319 000 moitlem™?,
respectively, which are by far the largest ever reported for a
m-conjugated oligomer of homogeneous chemical structure.

The UV-visible spectra of4a, 8a, and 16a are shown in
Figure 2. In each case the spectrum retains a well-resolved
vibronic fine structure indicative of the persistence of a relatively
planar and rigid geometry even for the longest chains. The
equally spaced maximums (0:28.17 eV) are consistent with

of long nTVs toward light and oxygen, correct combustion 5 c—c stretching mode strongly coupled to the electronic

analyses were extremely difficult to obtain in some cases and

required that the samples be kept under argon and analyzed (16) Hyperchem 5.0, Hypercube Inc., Waterloo, Canada, 1996.

shortly after synthesis. Consequently, electrochemical and
spectroscopic experiments were performed on freshly purified
samples.

To gain more detailed information about the structure, the

(17) In several previous publications including ref 12, the band gap was
determined from the very onset of absorption (see, for example: Mc-
Cullough, R. D.; Lowe, R. D.; Jayaraman, M.; Anderson, D.JLOrg.
Chem.1993 58, 904. Chen, T. A.; Rieke, RSynth. Met1993 60, 175.).
However, since this procedure leads to rather large uncertaintiesyas
determined from the maximum of the-0 transition andgy by extrapolation

growth of single crystals of nTVs was attempted. However, 5 zerq of the low-energy absorption edge, although these procedures lead

crystals of quality sufficient for X-ray determination could be

to larger values than the previous one.
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structure’® However, the vibronic structure is less resolved than
for the analogue nTVs based on 3-octylthiophene or 3,4-
dibutylthiophené?b a difference that could be related to an
enhancement of the vibrational disorder in theonjugated

J. Am. Chem. Soc., Vol. 120, No. 32, 183953
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Figure 4. HOMO—-LUMO gap @) and band gapQ) for 2a—16avs
the reciprocal number of carbons in the conjugated chain.

prepared by the same route, which has demonstrated the strong
dependence of the ECL and band gap on the conditions of
thermal eliminatior?®

Figure 4 shows plots oAE and Ey vs 1/Cn for4a—16a
Extrapolation of the linear part to 1/C 0 gives values of
1.60 and 1.30 eV foAE andEg, respectively. However, for
both series of data, a deviation from linearity occurs around
Cn = 50-60 (10-12-mer) suggesting the existence of a
convergence limit. Extrapolation of quantities such as ionization
potential, electron affinity, oxidation potentidlyax AE, and
Eg, determined on short-chain oligomers, has been widely used
to analyze the chain length dependence of the electronic
properties ofr-conjugated oligomers and to predict the proper-
ties of an infinite defect-free polymer ch&i#? These extrapo-
lations were based on the linear plot (1/Cn) of a hyperbolic
functionf (n). However, as recently discussed by Meier et al.,
the existence of a finite ECL in linear-conjugated systems
implies the convergence of the above parameters toward a
limiting value for a certain chain lengfi. Indeed, such a
saturation limit has been observed for all series of oligomers
investigated so fafe™h5eh To evaluate the maximum ECL,

system caused by the dihexyl substituents. The large thermalMeier et al. have suggested that the ECL can be considered as

ellipsoids observed for the hexyl carbons in the X-ray structure
of Figure 1 appear consistent with this interpretation.

Unlike nTVs based on 3,4-dibutylthiophetd, 4a—16a
exhibit excellent film-forming properties allowing the analysis
of their solid-state electronic properties. Figure 3 shows as a
representative example the UVisible absorption spectrum of
a thin film of 16acast on a glass slide from a @El, solution.
The spectrum exhibits a persistent vibronic fine structure
consistent with a well-ordered material. The data in Table 1
show that the band gafg)'” of films of the longest oligomers
(1.60 and 1.56 eV fot2aand16a respectively) are significantly
smaller than that of the parent poly(thienylenevinylene) (PTV)
prepared by the soluble precursor route (:I®B0 eV)!®
These results confirm in agreement with our previous conclu-
sions!?that the ECL of PTV is limited to about eight TV units.
On the other hand, the low band gap of oligom@asto 16a

suggests that PTV prepared by thermal elimination contains a

significant number of conjugation defects. This conclusion is
supported by recent work on the parent poly(phenylenevinylene)

(18) Rughooputh, S. D. D. V.; Hotta, S.; Heeger, A. J.; Wudl.Rolym.
Sci. 1987 25, 1071.

(19) (a) Yamada, S.; Tokito, S.; Tsuisui., T.; SaitoChem. Commun
1987 1448. (b) Barker, JSynth. Met1989 32, 43.

reached when an incremental chain extension induces a red shift
Of Amax OF Ao—o Smaller than 1 nmM! On the basis of this
definition, the 6-nm red shift ofma and the related decrease
of AE betweenl2a and 16a shows that, although close, the
saturation limit is not reached yet and that the ECL of dihexyl
nTVs is at least equal to 94 %parbons (16-mer). Comparison
of these results with the optical data for other classes of extended
z-conjugated oligomers based on thiophé&né,4-dialkoxy-
phenylened! 1,4-phenyleneethynylenéstriacetylenesy and
-2,5-thiopheneethynylent&$9hclearly shows that nTVs exhibit
the longest ECL among known systems and the small&st
value for both the 50-A and the 100-A range of chain length.
These outstanding properties suggest that nTVs may be well
suited as molecular wires in nanoscopic systems.

Cyclic Voltammetry. Table 2 lists the values of the apparent
redox potentialsE® appl —E°apf) corresponding to the generation
of the various cationic species fda—16a The CV of the
dimer 2a shows two irreversible anodic waves. As observed
for other nTVs, the first oxidation step is in general followed

(20) Stenger-Smith, J. D.; Lenz, R. W.; Wegner,R&lymer1989 30,
1048. Shah, H. V.; McGhie, A. R.; Arbuckle, G. Ahermochim. Acta
1996 287, 319. Herold, M.; Gmeiner, J.; Schwoerer, Mtcta Polym1996
47, 436. Mertens, R.; Nagels, P.; Callaerts,3ynth. Met1997, 84, 977.

(21) Meier, H.; Stalmach, U.; Kolshorn, HActa Polym.1997, 48, 379.
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Table 2. Cyclic Voltammetric Data for nT\&
compd  E°appl E°ap?2  E'ap3 Bt E'app  E'apf

2a 0.94 1.27 0.5 pA

4a 0.57 0.77

6a 0.48 0.54 1.08

8a 0.46 0.79 0.90

12a 0.42 0.57 0.94

16a 0.40 0.46 0.68 0.96

aConditions: 10* M substrate in 10* M TBAHP in CH,Cly; Pt
electrodes, ref SCE; scan rate, 100 mV. s

) Jﬂ
| U R N
0.00 0.50 1.00 1.50
| | I | EN vs SCE
5 100 150 - Figure 6. CVs of nTVsin 0.10 M TBAHP/CHCIl; » = 100 mV s
0.00 0.50 1. ’ top 8a, middle 12a and bottoml6a

E/N vs SCE

Figure 5. CVs of nTVsin 0.10 M TBAHP/CHCI,, v = 100 mV s
top 4a and bottom6a.

tively). With further chain extension tb2a these two waves
almost coalesce and a new one assigned to the pentacation
radical occursE°;p5 = 0.94 V). Forl6a the waves corre-

by the formation of a polyme¥ However, due to the steric  sponding to the trication radical and tetracation fully coalesce
hindrance caused by interactions between hexyl chains duringinto a second two-electron wave and the two successive two
the cation radical coupling, rapid inhibition of electropolymer- electron-waves draw nearer. Furthermde&p shift nega-
ization occurs. With chain extension to the tetramar the tively by 270 mV while a new reversible one-electron wave
two oxidation processes become fully reversible (Figure 5), corresponding to the formation of the hexacation occurs around
E°appl andE°,p2 shift negatively, and their potential difference  E°ap$ = 0.96 V.

decreases, indicating reduced Coulombic repulsion between The chain length dependence of the electrochemical properties
positive charges in the dication. Féa, the two oxidation peaks  of nTVs is summarized in the diagram in Figure 7, which
almost merge into a single wave while a third reversible wave represents the variation of tl,,, values of the various redox
corresponding to the formation of the trication radical occurs steps versus 1/Cn. The two convergence points at H#0r02
(E°app3 = 1.07 V). Coalescence of the two one-electron and 0.014 correspond to the coalescenc&gfpl andE°qp2

oxidation peaks into a two-electron wave occurs &« as (8a) and E°;pp3 and E°apft (128 into bielectronic transfers.
confirmed by the 30-mV anodic/cathodic peak separation Extrapolation of the linear part ofggl vs 1/Cn to 1/Cn= 0
(Figure 6) and in agreement with previous restitsThis two- gives a value of 0.30 V/SCE for an infinite chain, in full

electron process is followed by two one-electron waves corre- agreement with previous resut®. However, a slight deviation
sponding to the successive generation of the trication radical from linearity occurs around 1/Ga 0.015-0.020, (Cn= 50—
and tetracationE°®,p,3 andE°ap# at 0.77 and 0.89 V, respec- 60 carbons) and the location of ti&.p,l values forl2aand

(22) (a) Roncali, J.; Thobie-Gautier, C.; Elandaloussi, Eyé&re J. 16aabove .the _strgi_ght_ line is ConSistem with the prOXim.ity of
Chem. Soc., Chem. Commur994 2249. (b) Catellani, M.; Luzzati, S.;  the saturation limit indicated by optical data. Extrapolation of
Musco, A.; Speroni, FSynth. Met1994 62, 223. the lines corresponding to the various oxidation steps suggests
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1.40 been reported for oligophenylenes and oligothiophenes films
o by Heinze et al.,, who attributed this positive shift to the
120 - restriction imposed by the solid state to conformational changes
from a twisted aromatic neutral state to a planar quinoid charged
1o, one2® This interpretation, which implies a more distorted
u 080 | structure in the solid state than in solution, appears in contradic-
@ * tion with (i) the fully planar structure observed in the crystal
% 0.60 - (Figure 1) and (ii) the fact that band gaps of solution-cast films
are smaller than the correspondifng values; this implies that
0.40 | film processing does not induce distortion in tireonjugated
system (Table 1). Consequently, in the absence of further
0.20 + evidence, we attribute the positive shift of the oxidation potential
of the films to the extra energy required by the transport of
0.00 ! = ' = ' ' charges and charge-compensating anions through an insulating
000 002 004 006 008 010 0.12

compact material.
1Cn Further comparison of solution and solid-state CV 8ar

Figure 7. Variation of the B,,,values for the various oxidation steps  shows that while the first anodic peak shifts from 0.46 to 0.66

of nTVs vs the reciprocal number of carbons in the conjugated chain: v/, the second and third peaks shift negatively from 0.80 and

(O) cation radical, @) dication, () trication radical, #) tetracation, .92 Vv in solution to 0.69 and 0.74 V, respectively in the film.

(4) pentacation radical, andj hexacation. In other words, the width of the potential window including
the successive oxidation steps decreases from 460 mV in
solution to 80 mV in the solid state. The same trend is observed
for 12awhile for 16athe four discrete oxidation steps observed
in solution merge into a single redox system whose six-electron
stoichiometry has been confirmed by coulometric measurements

[0.1 pA (see Experimental Section). Although the interpretation of this

phenomenon is not straightforward, two extreme cases corre-
sponding to inter- and intramolecular processes can be consid-
ered.

In the past few years, Miller et al. have extensively
investigated the reversible dimerization of cation radicals of
various series of oligothiophenes and discussed their possible
role as alternatives for bipolarons in the interchain charge
transport in P4 Formation ofz-dimers seems to be a rather

[0.5 pA general characteristic feature efconjugated oligomers, and
several groups have reported spectroscopic or electrochemical
evidences for cation radical dimerizati&h.Since the tendency
to dimerize increases with chain lendti® a first possibility
would be that oxidized long nTVs are also dimerized. In fact,
it has been shown that the radical cation of long oligothiophenes

| | L o such as the dodecamer are fully dimeriz_ed at temperatures lower

040 0.60 080 _than 56_—60 °C.4f_ In_ the frame of this hypothe3|s, strong

interchain attractive interactions could explain the coalescence

_ _ ENV vS SCE of the various oxidation steps observed in the solid state for
Figure 8. Solid-state CVs of films oBa (top) anlea(bottomz on 16aand the narrowness of the oxidation peak. However, the
Pt: electrolytic medium 0.10 M TBAHP/G)EN; v = 50 mV s, occurrence of oneB@) and two (23 163) bielectronic transfers

o implies that the first charged species capable of dimerizing is
convergence toward a common potential limit around #€n  tne trication radical foBa and the pentacation radical fa2a
0.008 (120-130 carbons, 2622-mer). This predicted chain  5n4 164 and the strong interchain Coulombic repulsion that
length, which agrees well with the ECL indicated by optical coy|d result from the presence of three to five positive charges
data, should correspond to the single-step multielectronic gn each may represent an important obstacte-timerization
oxidation of the wholez-conjugated system through a process i solution.
similar to the p-doping of the parent polymer. Convergence of - an alternate explanation would be that the observed coales-
the E”appvalues corresponding to the cation radical and dication cence involves essentially an intramolecular recombination
of oligothiophenes has already been observed for Hdn*d
However, a major difference here is that convergence, which _ (23) (a) Meerholz, K.; Heinze, Angew. Chem., Int. Ed. Engl99Q
also includes the higher oxidation states, is predicted for a finite %géigg'é$)1r\/zg)emgclazrh};i'zGé?g:éliﬂszéHélgncetpéghi'n:'epl\r(]:faefg%%dhhqastgg
chain length (26-22 mer) which could eventually be synthe- (24) (2) Hill, M. G.; Mann, K. R.; Miller, L. L.; Penneau, J. B. Am.
sized. Chem. Soc1992 114, 2728. (b) Hill, M. G.; Mann, K. R.; Miller, L. L.;

: : : Penneau, J. F.; Zinger, Bhem. Mater1992 4, 1106. (c) Zinger, B.; Mann,
To gain further information on the convergence process, the - R.: Hill. M. G.: Miller, L. L. Chem. Mater1992 4, 1113, (d) Yu, Y.

electrochemical behavior of nTVs has been analyzed in the solid Gunic, E.; zinger, B.; Miller, L. L.J. Am. Chem. Sod996 118 1013. (e)
state. Figure 8 shows the CV of films 8& and16acast onto Graf, D. D.; Duan, R. G. Campbell, J. P.; Miller, L. L.; Mann, K. R.Am.

a platinum electrode from dichloromethane solutions. In both Ch(ezg)- é‘)lcégfglglg sg%%-elbacher U Maier, A Mehring, Bt Am
cases, the anodic peak undergoes-@30 V positive shift Chem. So0c1993 115 10217. (b) Hapiot, P.: Audebert, P.; Monnier, K.:

compared to the solution CV. Such a phenomenon has alreadyPernaut, J.-M.; Garcia,.-Chem. Mater1994 6, 1549.
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mechanism. This second hypothesis is supported by the narronwExperimental Section
potential window in which the successive oxidation steps of

16a o_ccur in §o|uf[|on (0.60 \./) and by the trend eXpress_ed_ by Elmer spectrophotometer. Electrochemical experiments were carried
Fhe dlagrgm In Elgure 7 which suggests that a rather limited out with a PAR 273 potentiostagalvanostat in a three-electrode single-
increase in ECL is required to rgach the ful] coalescence of all compartment cell equipped with platinum microelectrodes of %85
redox states. In the frame of this hypothesis, the passage from1o-3 cn? area, a platinum wire counter electrode, and a saturated
the solution to the solid state would contribute to increase the calomel reference electrode (SCE). Cyclic voltammetry was performed
planarity and rigidity of the conjugated chain, thus leading to in methylene chloride solutions (HPLC grade) containing 0.10 M of

the enhancement of ECL needed for an intrachain recombinationtetrabutylammonium hexafluorophosphate (TBAHP) (Fluka puriss).
of the various redox states. Solutions were deaerated by argon bubbling prior to each experiment,

. . . which was run under inert atmosphere. TE&,,, values were
It should be underlined that these two situations repre"\"entdetermined after deconvolution of the CV (Condecon). For solid-state

extreme F:ases gnd that the real process may W,e” involve Aglectrochemical experiments, films were cast on platinum electrodes
combination of intra- and intermolecular mechanisms. Fur- ot 925 ¢t area from methylene chloride solutions and CV was
thermore, an absence afdimerization in solution does not  performed in acetonitrile (HPLC grade) containing 0.20 M of TBAHP.
necessarily exclude formation af-dimers in the solid state,  Coulometric measurements fbawere performed on films cast using
and finally, since it is evident that macroscopic charge transport 2 uL of a 1 x 10~* M methylene chloride solution. The average of 10
in the film requires an interchain process, further work is clearly experiments gave a cathodic charge of (£.8.3) x 104 C (a redox

needed to clarify the original and complex behavior of this new Process involving six electrons per molecule requires>i.20"* C).

class of extended oligomers. X-ray Structural Analyses. Crystal data for 4b: CrHur

0,Ss (MW 1137.95) triclinic, P-1, Z = 1, a = 9,094(3) A,b =

. 14.007(5) A,c = 14.302(6) A, = 84.25(3Y, p = 80.23(3), y =
Conclusion 87.49(3y, V = 1785(1) &, peac = 1.06 g cn.

. ; Experimental Data and Structure Refinement. A dark red single
The longest ever reported monodisp njugated nTVs crystal (0.8 x 0.5 x 0.4 mn¥) of 4b was selected by optical

have bee.” synthesized. .The ECL increases V\.”th chain len.gt.h’examination, and X-ray diffraction data were collected at 298 K on an
and Solutlon-prpcessed films of the longest oligomers exhibit Enraf Nonius MACH3 four circles diffractometer. A total of 6539
band gaps noticeably smaller than that of PTV and of the refiections were measured in the<20 < 25° range by the zigzag
previously reported nTVs. Plots of the HOMQUMO and scan techniqueh(—10.10;k —16.16;1 0.16;4 = 0.710 69 A). From
band gap vs inverse chain length reveal a deviation from 6263 independent reflections, 3538 wittr 30(l) were deduced and
linearity beyond the 1812-mer suggesting a limit of conver-  used for structure refinement. After Lorentz and polarization correc-
gence around the 2@2-mer. tions, the structure was solved with direct methods (SIR) which reveal
XaII the non-hydrogen atoms. Finally, refinement of the structure (353
variables) leads tR = 0.064,R, = 0.092 with the use df magnitude;

Uj for S, C, and O atoms, y, z, andB fixed for H atoms.

UV —visible absorption spectra were recorded on a Lambda 2 Perkin-

Chain extension increases the number of accessible redo
states and leads to a decrease of their potential difference with
progressive coalescence of one-electron waves into bielectronic General Synthetic Procedures. (a) Vilsmeier Formylation.In a
transfers. Thgs, the 1§-mer can be reversibly charged up t04,n4.pottomed flask kept under a nitrogen atmosphere are introduced
the hexacationic state via two two-electron and two one-electron the substrate compound dissolved in dry DCE and DMF. RQCI
steps within a 0.60-V potential window. Extrapolation of the added dropwise, and the mixture is then refluxed for at least 2 h. After
potential of the various oxidation states vs inverse chain length cooling to room temperaturé M sodium acetate is added to neutrality
suggests a possible common convergence limit correspondingand the mixture is stirred vigorously for 1 h. The solution is extracted
to a single-step multielectronic oxidation step for the-2@- with dichloromethane; the organic phase is dried oveiSTa After
mer. Such a single-step oxidation process is observed for&vaporation of the solvent, the crude product is purified by column
solution-processed films of6a Although further work is ~ chromatography. _
needed to elucidate the mechanisms responsible for this. (°) McMurry Coupling. In a round-bottomed flask, dry THF is
coalescence phenomenon, electrochemical and optical data{mmduced under a nitrogen atmosphere. After cooling t@0TiCls

t that int | | binati | - tant Is slowly added and the solution is stirred for 15 min at this temperature.
Sulgges at intramolecular recombination piays an important z;, . powder is added portionwise, and the mixture is refluxed for 1 h.
role.

After cooling to 0°C, a solution of the carbaldehyde and pyridine in
Comparison with data for other linearconjugated oligomers  dry THF is added and the mixture is refluxed for at least 2 h.

shows unequivocally that the ECLs of nTVs surpass that of any  (c) Double Wittig—Horner Olefination. Under a nitrogen atmo-
other known system of comparable dimensions, making nTVs spher.e,. potassiqrtert—butoxide is added portiorjwise to a mixture
well-suited candidates as molecular wires in nanoscopic systemscontaining the dicarbaldehyde and phosphomaten dry THF. The
Whereas the absence of full saturation of ECL and the Mixture is stirred at room temperature for 3 h. After solvent removal,
convergence predicted by extrapolation of optical and electro- th? re?duefutshtaken up W'rt]h QEI?tﬁEHWt?]Shed with v;:ater._ /gft_e:j
chemical data provide a strong incitement to synthesize longer Xaction of the aqueous phase with 21, fhe organic pnase s dne

Do . over NaSQ, and filtered, and the solvent is evaporated under vacuum,
nTVs, the proximity of the saturation poses the problem of the

. . i ; -~ and the crude product is purified by column chromatography and
possible synthetic strategies allowing us to push back the limit eventually recrystallized.

of convergence and to reach systems with even larger ECLS. 3 4 pjhexyl-2-thiophenecarboxaldehyde (1b).3,4-Dihexylthio-

In thIS Context, the S|gn|f|cant deCI‘ease n bond Iength a|tel‘natI0ﬂ phene(la) was prepared by Kumada Coup”ng of bromohexy|magne-
and HOMGO-LUMO gap recently demonstrated in bridged sium and 3,4-dibromothiophene in the presence of Nidppp@ing a
dithienylethylene® suggests that application of this rigidifica-  known procedure. The target compouiiziwas prepared by Vilsmeier
tion approach to extended nTVs could leadat@onjugated formylation of 1a (13 g, 51.5 mmol) using DMF (7.2 mL, 93 mmol)
oligomers with even smaller gaps. Work in this direction is and POG (7.7 mL, 82.6 mmol) in 50 mL of dry 1,2-DCE. The usual

now underway and will be reported in future publications. ~ Workup and column chromatography (silica gel, Ch/essence G 1:1)
gave 12.7 g (88%) of a yellow oil*H NMR (CDCls, 500 MHz) 6
(26) (a) Brisset, H.; Blanchard, P_; lllien, B.; Riou, A.; RoncaliChem. 10.01 (s, 1H), 7.34 (s, 1H), 2.88 (t, 2Fl = 7.8 Hz), 2.54 (t, 2H?J
Commun.1997, 569. (b) Blanchard, P.; Brisset, H.; llien, B.; Riou, A.; = 7.75 Hz), 1.64-1.57 (m, 4H), 1.39-1.31 (m, 12H), 0.920.88 (m,

Roncali, J.J. Org. Chem1997, 62, 2401. 6H); 13C NMR (CDCk, 270 MHz) 6 182.42, 151.34, 144.24, 138.03,



Thienyleneinylene Oligomers

130.08, 31.65, 31.50, 31.39, 29.59, 29.13, 28.98, 28.09, 26.84,22.44
22.40, 13.9+13.88; MS (EI) 280 (M", 100%); IR (KBr) 1662 (CHO)
cm 'l Anal. (calcd): C, (72.80) 73.08; H, (10.06) 10.08; S, (11.43)
11.18; O, (5.70) 5.70.

(E)-1,2-Bis[2-(3,4-dihexylthienyl)]ethylene (2a). 2avas prepared
by McMurry dimerization fromla (14 g, 50 mmol), TiCJ (8.25 mL,
75 mmol), Zn (9.81 g, 150 mmol), pyridine (7 mL), and 130 mL of
dry THF; 12-h reflux and the usual workup and column chromatography
(silica gel essence G) gave 12.5 g (94%) of a yellow oil which was

J. Am. Chem. Soc., Vol. 120, No. 32, 1839%7

(73%) of a yellow solid: mp 50C; *H NMR (CDCls, 500 MHz) 6

6.94 (s, 2H), 6.73 (s, 1H), 4.324.06 (m, 4H), 3.29 (d, 2HJ = 21.3

Hz), 2.59-2.54 (m, 4H), 2.48 (t, 4H8J = 7.8 Hz), 1.61 (m, 2H, CH),

1.49-1.28 (m, 36H), 0.920.88 (m, 12H); MS (FAB) 678 (M, 100%);

IR (KBr) 1060-1032 (P-O—R), 1239 (P=0O) cm%. Anal. (calcd):

C, (68.98) 69.76; H, (9.95) 9.91; S, (9.44) 9.40; O, (7.07) 7.04; P,

(4.56) 4.58.
(E,E,E)-1,2-Bis[5-(3,4'-dihexyl-2'-thienylvinyl)(3,4-dihexyl-2-

thienyl)]ethylene (4a). This compound is prepared using the above-

then recrystallized in pentane at low temperature to give 9.8 g (74%) described procedure by McMurry dimerizationatf (3.2 g, 5.75 mmol)

of a pale yellow solid: mp 50C; *H NMR (CDCl;, 500 MHz)6 7.00
(s, 2H), 6.75 (s, 2H), 2.60 (t, 4H) = 7.8 Hz), 2.49 (t, 4H3J = 7.8
Hz), 1.63 (g, 4H3) = 7.7 Hz), 1.50 (q, 4H3J = 7.7 Hz), 1.40 (s, 8H),
1.35-1.33 (m, 16H), 0.930.90 (m, 12H)3C NMR (CDC}) 6 143.33,
139.80, 136.89, 119.66, 117.66, 31-73..64, 30.98, 29.69, 29.38
29.30, 29.07, 26.95, 22.6@2.65, 14.12; MS (EIl) 528 (M, 100%).
Anal. (calcd): C, (77.21) 77.42; H, (10.67) 10.92; S, (12.12) 12.14.
(E)-1-(5-Formyl-3,4-dihexyl-2-thienyl)-2-(3,4'-dibutyl-2'-thienyl)-
ethylene (2b). 2bwas prepared by Vilsmeier formylation fro2ae
(4.75 g, 9 mmol) DMF (1 mL, 13 mmol), and PQGL mL, 1.1 mmol)
in 75 mL of dry 1,2-DCE. After the usual workup the residue was
chromatographed (silica gel, GEl,/essence G 4:6) to give 4.32 g
(86%) of an orange oil*H NMR (CDCl;, 500 MHz) 6 9.97 (s, 1H),
7.28 (d, 1H2J = 15.5 Hz), 6.96 (d, 1H3) = 15.5 Hz), 6.84 (s, 1H),
2.85 (t, 2H,2J = 8 Hz), 2.62-2.56 (m, 4H), 2.49 (t, 2HJ = 7.8 Hz),
1.67-1.33 (m, 32H), 0.930.85 (m, 12H)*3C NMR (CDC}) 6 181.53,

using TiCly (0.7 mL, 6.3 mmol), Zn (0.83 g, 12.6 mmol), and pyridine

(4 mL) in 60 mL of dry THF. The usual workup and column

chromatography (silica gel, essence G)CH 9:1) gave 2.68 g (86%)

of a red solid which was recrystallized in 1:1 g@H,/CH;CN: mp 76

°C (dec);*H NMR (CDCls, 500 MHz) 6 6.99 (s, 4H), 6.98 (s, 2H),

6.76 (s, 2H), 2.642.56 (m, 12H), 2.49 (t, 4HJ = 7.7 Hz), 1.63 (q,

4H, 3] = 7.5 Hz), 1.56-1.51 (m, 12H), 1.4+1.35 (m, 48H), 0.93

0.90 (M, 24H);:3C NMR (CDCk) ¢ 143.41, 141.48, 141.42, 139.99,

137.11, 134.99, 119.84, 119.37, 119.23, 117.90, 31.73, 31.58, 31.22,

31.18, 30.92, 29.63, 29.50, 29.36, 29.27, 29.02, 27.01, 26.88, 22.60,

14.14-14.07; MS (FAB) 1081 (M, 100%). Anal. (calcd): C, (77.71)

77.40; H, (10.43) 10.69; S, (11.85) 11.21.
(E,E,E)-1,2-Bis[5-(8-formyl-3',4'-dihexyl-2'-thienylvinyl)-2-(3,4-

dihexylthienyl)]ethylene (4b). Prepared by Vilsmeier formylation of

4a (3 g, 2.77 mmol), DMF (1.29 mL, 16.7 mmol), and PQ1.03

mL, 11 mmol) in 75 mL of dry 1,2-DCE. The usual workup and

152.73, 147.05, 143.54, 142.18, 141.25, 136.01, 134.64, 124.20, 119.74column chromatography (silica gel, @El,/essence G 7:3 2% EgN)
117.91, 32.28, 31.77, 31.68, 31.62, 31.57, 31.56, 31.23, 31.12, 29.68,gave 2.90 g (92%) of a red solid which was then recrystallized in 1:1
29.41, 29.38, 29.32, 29.29, 28.99, 27.13, 27.05, 26.37, 22.68, 22.63,CH,Cl,/pentane: mp 143C (dec);*H NMR (CDClz, 270 MHz) 6

22.61,14.12, 14.11, 14.10, 14.07; MS (El) 556{ML.00%): IR (KBr)
1653 (CHO) cm™.
(E)-1,2-Bis(5-formyl-3,4-dihexyl-2-thienyl)-2-(3,4'-dibutyl-2'-
thienyl)ethylene (2c). This compound was prepared by double
Vilsmeier formylation of2a (3 g, 5.67 mmol), using DMF (2.8 mL,
36.2 mmol) and POGI(2.4 mL, 25.7 mmol) in 75 mL of dry DCE.
The usual workup and column chromatography (silica gel, dichlo-

romethane/essence G 1:1) gave 2.9 g (89%) of an orange solid which

was then recrystallized in pentane: mp @2 *H NMR (CDCl;, 500
MHz) 6 10.01 (s, 2H), 7.23 (s, 2h), 2.86 (t, 4M,= 7.8 Hz), 2.62 (t,
4H,3%) = 7.6 Hz), 1.63-1.56 (, 4H), 1.341.32 (m, 16H), 0.930.89
(m, 12H);*%C NMR (CDCk) 6 182.00, 152.75, 15.21, 143.41, 135.92,

9.97 (s, 2H), 7.26 (d, 2HJ = 15.5 Hz), 7.01 (s, 2H), 6.95 (d, 21J
= 15.5 Hz), 2.85 (t, 4H3J = 7.8 Hz), 2.65-2.53 (m, 12H), 1.65
1.25 (m, 64H), 0.950.86 (m, 24H);13C NMR (CDCk) 6 181.64,
152.90, 147.12, 144.01, 142.65, 141.48, 136.79, 134.70, 134.36, 32.26,
31.62, 31.52, 31.49, 31.14, 31.04, 29.40, 29.33, 29.24, 29.20, 27.17,
22.61,22.58, 22.54, 14.14, 14.11, 14.06, 14.02; MS (FAB) 1137,(M
100%); IR (KBr) 1649 (CHO), 1589 (€C trans) cm.
(E,E,E,E,B)-1,2-Bif 5-[5'-(3",4"-dihexyl-2"-thienylvinyl)(3',4'-di-
hexyl-2-thienylvinyl)]-3,4-dihexyl-2-thienyl} ethylene (6a). Prepared
from 2c (0.71 g, 1.21 mmol)2e (1.88 g (2.77 mmol), andBuOK
(0.72 g, 6.40 mmol) in 50 mL of dry THF. The usual workup and
column chromatography (silica gel, @El,/essence G 7:3 2% EgN)

122.46, 32.17, 31.47, 31.42, 31.27, 29.24, 27.02, 26.47, 22.50, 2.45,gave 1.66 g (84%) of a dark red solid which was recrystallized in 1:1

22.34,13.97; MS (EI) 584 (M, 100%); IR (KBr) 1646 (CHO) cr;
UV —visible (CHCly) 420 nm. Anal. (calcd): C, (73.92) 73.68; H,
(9.65) 9.60; S, (10.96) 10.74; O, (5.47) 5.37.
(E)-1-[5-(Hydroxymethyl)-3,4-dihexyl-2-thienyl]-2-(3,4'-dibutyl-
2'-thienyl)ethylene (2d). NaBH; (0.30 g, 8 mmol) was added
portionwise at O°C to a solution of aldehyd2b (4 g, 7.2 mmol) in 50
mL of 1:1 CHCly/methanol. The mixture was stirred for 15 min,
diluted with CHCIl,, and washed with water. After extraction with
CH.Cl,, the organic phase was dried over,8&, and the solvent
evaporated. Column chromatography of the residue (silica gel; CH
Cl/essence G 9:1) gave 3.65 g (91%) of a pale yellow solid which
was then recrystallized in pentane: mp-@&l °C; 'H NMR (CDCls,
270 MHz) § 6.97 (s, 2H) 6.75 (s, 1H), 4.74 (d, 2H] = 5.64 Hz),
2.61-2.45 (m, 8H), 1.641.32 (m, 32H), 0.930.89 (m, 12H); MS
(FAB) 558 (M, 100%); UV-visible (CH,Cl) Amax 366 nm; IR (KBr)
3392 (OH), 1003 (€0) cnrt. Anal. (calcd): C, (75.21) 74.73; H,
(10.46) 10.56; S, (11.47) 11.46; O, (2.86) 2.74.
(E)-1,2-Bis[2-(3,4-dihexyl-5-methylenediethylphosphonate)]-
ethylene (2e). Diethyl phosphite (2.3 mL, 17.9 mmol) in 10 mL of

dry THF was added dropwise to a suspension of NaH (0.72 g, 17.9 3,4-dihexyl-2-thienyl ethylene (8a).

mmol) in 20 mL of dry THF under a nitrogen atmosphere-20 °C,
and the mixture was stirredif@ h atthis temperature. In the meantime,
PBr; (0.14 mL, 1.5 mmol) was quickly added-ab °C under nitrogen,
to alcohol2d (2.5 g, 4.5 mmol) dissolved in 30 mL of 2:1 toluene/

CHCIg/CHZCN: mp 134°C (dec);*H NMR (CDClz, 500 MHz)6 7.00
(s 10H), 6.77 (s, 2H), 2.652.57 (m, 20H), 2.50 (t, 4HJ = 7.7 Hz),
1.63 (q, 4H23] = 7.7 Hz), 1.56-1.52 (m, 20H), 1.431.34 (m, 72H),
0.95-0.91 (m, 36H); MS (FAB) 1634 (Mt 1). Anal. (calcd): C,
76.82 (77.88); H, 10.16 (10.36); S, 11.57 (11.77).
(E,E,E,E,B)-1,2-Bis{ 5-[5-(5"-formyl-3",4"-dihexyl-2"'-thienylvinyl)-
(3,4-dihexyl-2'-thienylvinyl)]-3,4-dihexyl-2-thienyl} ethylene (6b). 6b
was prepared by Vilsmeier formylation 6& (1 g, 0.61 mmol), DMF
(0.28 mL, 3.68 mmol), and PO£{0.23 mL, 2.45 mmol) in 50 mL of
dry 1,2-DCE. The usual workup and column chromatography (silica
gel, CHCly/essence G 7:3- 2% EgN) gave 0.99 g of a solid which
was then recrystallized in 1:1 CH@dentane: yield 70%; mp 171C
(dec);*H NMR (CDCls, 500 MHz) 6 9.98 (s, 2H), 7.27 (d, 2HJ =
15.4 Hz), 7.04 (d, 2H3J = 15.4 Hz), 7.00 (s, 2H), 6.98 (d, 2A) =
15.4 Hz), 6.95 (d, 2H3J = 15.4 Hz), 2.86 (t, 4H3) = 7.9 Hz), 2.65
2.60 (m, 20H), 1.6%1.33 (m, 96H), 0.950.91 (m, 36H); MS (FAB)
1690 (M + 1); IR (KBr) 1654 (CHO) cm™.
(E,E,E,E,E,E,B)-1,2-Big5-[5'-[5"-(3"",4""-dihexyl-2""'-thienyl-
vinyl)-3",4"-dihexyl-2"-thienylvinyl)]-3",4'-dihexyl-2'-thienylvinyl]-
8awas prepared by double
Wittig—Horner olefination fromdb (1.4 g, 1.23 mmol)2e (1.84 g,
2.71 mmol), andBuOK (0.55 g, 4.90 mmol) in 50 mL of THF. The
usual workup and column chromatography (silica geloClklessence
G 7:3+ 2% EgN) gave 2.28 g (64%) of a violet solid which was

benzene. This second solution was added to the first one and therecrystallized in 1:1 CHGIEtOH: mp 171°C (dec);*H NMR (CDCls,

mixture refluxed for 2 h. After cooling to room temperature, the
mixture was poured onto ice and extracted withEtand the organic
phase was dried over M&0O,. Removal of the solvent and column

500 MHz) 6 6.99 (s 14H), 6.76 (s, 2H), 2.61 (s 28H) 2.50 (t, 2Bi=
7.6 Hz), 1.65-1.37 (m, 128H), 0.940.92 (m, 48H); MS (FAB) 2186
(M +1). Anal. (calcd): C, (77.96) 77.69; H, (10.32) 10.25; S (11.72)

chromatography (silica gel, essence G/ethyl acetate 3:2) gave 2.43 g11.77.
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(E,E,E,E,E,E,B-1,2-Bis{5-[5-[5"-(5"'-formyl-3"",4""-dihexyl-2""'-
thienylvinyl)(3",4"-dihexyl-2"'-thienylvinyl]-3',4'-dihexyl-2'-thienyl-
vinyl]-3,4-dihexyl-2-ethienyl} ethylene (8b). 8bwas prepared by
Vilsmeier formylation from8a (1.5 g, 0.69 mmol) DMF (0.5 mL),
and PO (0.4 mL, 4.30 mmol) in 50 mL of dry 1,2-DCE. The usual
workup and column chromatography (silica gel, OH/essence G 7:3
+ 2% EgN) gave 1.14 g (74%) of a solid which was then recrystallized
in 1:1 CHCK/EtOH: mp 201°C (dec);'H NMR (CDClz, 270 MHz)6
9.98 (s, 2H), 7.26 (d, 2HJ = 15.3 Hz), 7.04 (d, 2H3J = 15.5 Hz),
6.99 (s, 6H), 6.97 (d, 2HJ = 15.5 Hz), 6.95 (d, 2H3J = 15.5 Hz),
2.88-2.82 (t, 4H,%J = 7.7 Hz), 2.6%-2.51 (m, 28 H), 1.571.23 (m,
128 H), 0.96-0.85 (m, 48H); MS (FAB) 2242 (Mt 1, 100%); IR
(KBr) 1653 (CHO) cm™.

Oligomer 12a. 12awas prepared by double WittigHorner
olefination from dicarbaldehydgb (0.80 g, 0.36 mmol), phosphonate
2e(0.53 g, 0.78 mmol), antBuOK (0.16 g, 1.43 mmol) in 30 mL of
dry THF. After the usual workup and column chromatography (silica
gel, CHCIl, + 2% EgN), the product was washed with ethanol in a
Soxhlet and recrystallized in 1:1 CH{EtOH to give 0.64 g (55%) of
a dark blue solid: mp 224C (dec);*H NMR (CDCls, 270 MHz) 6
7.03 (s, 22H), 6.79 (s, 2H), 2.64 (s, 44H), 2.52 (t, 8= 7.6 Hz),
1.66-1.29 (m, 192H) 1.060.92 (m, 72H); MS (MALDI-TOF)
3295.37. Anal. (calcd): C, (78.04) 77.79; H, (10.28) 10.30; S, (11.68)
11.64.

Dialdehyde 12b. 12bwas prepared by Vilsmeier formylation from
12a(0.70 g, 0.21 mmol), DMF, (0.2 mL), and PQGD.14 mL, 1.50

Jestin et al.

mmol) in 50 mL of dry 1,2-DCE. After the usual workup and column
chromatography (silica gel, GBl.Jessence G 7:3 2% EgN) the
product was washed with pentane in a Soxhlet to give 0.29 g (40%) of
a dark blue solid:'H NMR (CDCls, 270 MHz) 6 9.97 (s, 2H), 7.27

(d, 2H,%3 = 15.5 Hz), 7.04 (d, 2H3J = 15.5 Hz), 6.99 (s, 14H), 6.96

(d, 2H,%3 = 15.5 Hz), 6.95 (d, 2H3J = 15.5 Hz), 2.85 (t, 4H3J =

7.5 Hz), 1.58-1.16 (m, 192H), 0.960.83 (m, 72H); IR (KBr) 1646
cm! (C=0).

Oligomer 16a. 16awas prepared by double WittigHorner
olefination from12b (0.35 g, 0.10 mmol), phosphonage (0.15 g,
0.23 mmol), andBuOK (0.04 g, 0.31 mmol) in 30 mL of dry THF.
After the usual workup the crude product was washed with ethanol
and pentane in a Soxhlet and recrystallized in 1:1 GHEIDH giving
0.14 g (30%) of a dark solid: mp 25 (dec);'H NMR (CDCls, 500
MHz) 6 7.00 (s, 30H), 6.77 (s, 2H), 2.62 (s, 60H), 2.50 (t, 4B=
7.4 Hz), 1.641.38 (m, 256H), 0.95 (s, 96H); MS (MALDI-TOF)
4402.4. Anal. (calcd): C, (78.08) 77.58; H, (10.26) 10.19; S, (11.66)
11.42.

Supporting Information Available: ORTEP and tables of
bond distances and angles, positional parameters, and general
displacement parameters #io (5 pages). Ordering information
is given on any current masthead page.
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