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Abstract: The synthesis, characterization, and self-assembly in butanol of a series of well-defined a,o'-
linked quinqui-, sexi-, and septithiophenes substituted, via ester links at their termini, by chiral oligo(ethylene
oxide) chains carrying an «, 3, 6, and € methyl, respectively, are reported. Studies of the self-assembly of
these molecules using UV/visible absorption, luminescence, and circular dichroism spectroscopies reveal,
for the sexithiophene case, that the magnitude of the observed Cotton effect in the aggregates diminishes
progressively as the chiral substituent is moved away from the thiophene segment. The stability of the
assemblies increases with the length of the oligothiophene and as the substituent chiral unit is moved
away from the aromatic core, being greatest for the unsubstituted case. The sign of the Cotton effect
alternates in an “odd/even” manner as the position of the chiral substituent is moved along the oligo-
(ethylene oxide) chain and on going from the quinquethiophene to the septithiophene having the same
side chain. Atomic force microscopy on materials deposited from solution on an aluminum or glass surface
and optical measurements show that capsules are formed from the oligothiophenes with H-type packing of
the aromatic segments.

Introduction phenes as a function of oligomer length and position of chiral

Chiroptical techniques, such as circular dichroism (CD), are Substituent in the side chain. Previously, we have studied
commonly used to probe the secondary and tertiary structuresPCYthiophenes substituted with chiral side chains and found
in biopolymers and have recently become a highly sensitive that.the hellcal packing is dependelnt on both the abso_lu.te
tool for investigating the degree of helical order and stability configuration of the stereocenter and its distance from the rigid

4 . . .

in T-conjugated polymer assemblie€hiroptical properties of C(_)re._Now_, we have syn_thesmaui,(_x I|nke_d oligothiophenes
these assemblies are associated with an exciton coupled cpVith five, six, or seven thiophene rings, with penta(ethyleneox-
effect! and model compounds have been used to investigate'd€) Substituents attached via ester links at the terminal
the angle between the-conjugated segments in the helical a-posltlons (Chart 1) and carrying a stereocenter at four different
aggregates. Aggregation-induced Cotton effects have been locations on the substituehiThe self-assgmbly process shows
reported for chiralz-conjugated polymers and their related pdd—even effects, as revealed by the sign of t'h.e Cotton effect
oligomers? The helicity and stability of such assemblies are in the_aggregates, with respect to k_)oth the position of the chiral
important for any putative application since the details of SuPstituentand the length of the oligomer sequence-@uen

organization will influence the macroscopic properties of the effects have initially beep reported fc_)r ”qUiq crystand
final supramolecular materiafs. afterward for polymers having mesogenic substituéRiscently

We report here a systematic study of the stability and chiral such effects have been found for a variety of self-assembled

aggregation in butanol of a set ofa’-substituted oligothio- (4) Lermo, E. R.; Langeveld-Voss, B. M. W.; Janssen, R. A. J.; Meijer, E. W.
Chem. Commuri999 791.

(5) The properties oT65S andT6 have been reported earlier: (a) Kilbinger,
A. F. M.; Schenning, A. P. H. J.; Goldoni, F.; Feast, W. J.; Meijer, E. W.

T Durham University.

¥ Eindhoven University of Technology. J. Am. Chem. So200Q 122, 1820. (b) Schenning, A. P. H. J.; Kilbinger,
§ Universitede Mons-Hainaut. A. F. M.; Biscarini, F.; Cavallini, M.; Cooper, H. J.; Derrick, P. J.; Feast,
(1) Circular Dichroic SpectroscopyHarada, N., Nakanishi, K., Eds.; University W. J.; Lazzaroni, R.; Leclere, Ph.; McDonell, L. A.; Meijer, E. W.; Meskers,
Science Books: Mill Valley, CA, USA; Oxford University Press: Oxford, S. C. J.J. Am. Chem. So@002 124, 1269.
1983. (6) (a) Gray, G. W.; McDonell, D. GMol. Cryst. Lig. Cryst1977 34, 211.
(2) Hoeben, F. J. M.; Jonkheijm, P. Meijer, E. W.; Schenning, A. P. H. J. (b) Goodby, J. W.; Chin, E.; Leslie, T. M.; Geary, J. M.; Patel, J1.A\m.
Chem. Re. 2005 105, 1491. Chem. Soc1986 108, 4729. (c) Goodby, J. W., Gray, G. W., Spiess, H.-
(3) Langeveld-Voss, B. M. W.; Beljonne, D.; Shuai, Z.; Janssen, R. A. J.; W., Vill, V., Eds.; Handbook of Liquid CrystajsVNiley-VCH: Weinheim,
Meskers, S. C. J.; Meijer, E. W.; Biles, J. LAdv. Mater.1998 10, 1343. 1998.

10.1021/ja0607234 CCC: $33.50 © 2006 American Chemical Society J. AM. CHEM. SOC. 2006, 128, 5923—5929 = 5923
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have been seldom observ&¥The stability of the assembly
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terminala-positions. A simple code has been adopted for iden-
tifying the chiral molecules discussed, consisting of an Arabic

increases with the length of the oligothiophene sequence andnumeral followed by a Greek letter plus eittgor R. All the

as the chiral unit is moved away from the aromatic core, being chiral molecules considered have a structural motif (Figure 1)
largest for the unsubstituted case. Under the conditions adopted

in this study the oligomers primarily form hollow capsules in M R1 R4
solution1® presumably being present as self-assembled chiral \OJYO\/\O/E\/O;L\
domains in the shell of the macroscopic capsules. In earlier R2 R3

studies of these systems, rodlike helical assemblies and flat
“crépes” have been generated on a silicon surface by slow
evaporation of THF solutions; it is becoming clear that the  in which the unit M is identified by a number and the sub-
exact course of self-assembly in these systems is a sensitivestituents R+ R4 are always one methyl and three hydrogen
function of the experimental protocol adopted (solvent, substrate, atoms. When the methyl substituent is at R1 it is identified by

Figure 1. Structural motif for S-chiral molecules.

rate of formation, temperature, and deposition method).
Results and Discussion

Synthesis.A series of chirally substituted (ethylene oxide)s

the lettera, at R2 by, at R3 byd, and at R4 by; R or S
identifies the chirality at the methyl substituted carbon. The
target molecules were the substituted'-linked quinque-, sexi-,

and septithiophenes, and these are identified as T5, T6, and T7,

were prepared and used to derivatize oligothiophenes at theirrespectively.

(7) (a) Ramos, E.; Bosch, J.; Serrano, J.-L.; Sierra, T.; VeciadaAin. Chem.
So0c.1996 108 4729. (b) Amabilino, B.; Ramos, E.; Serrano, J. L.; Veciana,
J. Adv. Mater. 1998 10, 1001. (c) Amabilino, B.; Ramos, E.; Serrano,
J.-L.; Sierra, T.; Veciana, J. Am. Chem. S0d.998 120, 9126.

(8) For example: (a) Aoki, K.; Kudo, M.; Tamaoki, NDrg. Lett.2004 6,
40009. (b) Itoh, T.; Shichi, T.; Yui, T.; Takagi, Kangmuir2005 21, 3217.
(c) Ishi-l, T.; Iguchi, R.; Snip, E.; Ikeda, M.; Shinkai, Bangmuir2001,
17, 5825. (d) Li, Y.; Li, P.; Wang, J.; Wang, Y.; Yan, H.; Thomas, R. K.
Langmuir2005 21, 6703. (e) Sumiyoshi, Y.; Nishimura, K.; Nakano, M.;
Handa, T.; Miwa, Y.; Tomioka, KJ. Am. Chem. SoQ003 125, 12137.

(9) An odd-even effect concerning the position of chiral center has been
observed in the circular dichroism spectrum of polyfluorene films: Oda,
M.; Nothofer, H.-G.; Scherf, U.; Sunjic, V.; Richter, D.; Regenstein, W.;
Neher, D.Macromolecule2002 35, 6792.

(10) Shklyarevskiy, I. O.; Jonkheijm, P.; Christianen, P.; Schenning, A. P. H.
J.; Meijer, E. W.; Henze, O.; Kilbinger, A. F. M.; Feast, W. J.; de Guerzo,
A.; Desvergne, J.; Maan, J. G. Am. Chem. So@005 127, 1112.
(11) Leclere, Ph.; Surin, M.; Lazzaroni, R.; Kilbinger, A. F. M.; Henze, O;

Jonkheijm, P.; Biscarini, F.; Cavallini, M.; Feast, W. J.; Meijer, E. W.;
Schenning, A. P. H. 1. Mater. Chem2004 14, 1959.
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Schemes 1 and 2 show the route adopted for the synthesis of
the chiral alcohold 10S, 115S, 110S, and11¢S starting from
3Sand4S The latter molecules are made from eth$)-(—)-
lactate (purity of 98%) and methyR}-(+)-lactate (98% pure
with an ee of>96%), respectively! The ee value of ethylS)-
(—)-lactate was determined by gas chromatography (GC) on a
capillary column with a permethylatgticyclodextrin stationary
phase yielding an ee 99.5%12 Part of this synthetic route is
based on earlier work that also showed the fidelity of keeping
the enantiomeric excess as high as that of the starting matérials.
The chiral alcoholl15R is not shown in the schemes but was
synthesized in an analogous way to that described previously

(12) Janssen, H. M.; Peeters, E.; v. Zundert, M. F.; v. Genderen, M. H. P.;
Meijer, E. W.Macromoleculesl997 30, 8113.
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Scheme 1. Synthesis of the S-Enantiomers of the Oligo(ethylene
oxide) 9aS, 94S, 11aS, and 115S

THPOJ\/OH + TSO,E/\Oﬂ’n BnO OH + 1,2
3s 1(n=3) 4s
l 2(n=4) l
o
THPOJ\/OIE/\OT” Bno/\r o,
8aS (n = 3) 8BS (n = 3)
1008 (n = 4) 10BS (n = 4)
HOJVOE/\OEI’n HO/YO‘E/\oﬂ'n
98 (n = 3) 9BS (n = 3)
11aS (n = 4) 11BS (n = 4)

Scheme 2. Synthesis of the S-Enantiomers of the Oligo(ethylene
oxide) 110S and 11eS

90S TsO~0gn gps + 12
l ’ l
BnO\/\ O.E/\OH/
BnO\/\OJ\/O,E/\OErs O/\r 3
108S 10eS
HO _~ (0]
HO\/\OJ\/O,E/\OETS oY ok
1138 11eS

for the alcoholl13S.514 Base-catalyzed reactions of the tosylated
tetraethylene oxide with the monoprotected chiral glycol
derivatives3S and 4S followed by cleavage of the THP or
benzyl protecting group gave the alcohd$aS and 115S,
respectively. The shorter moleculsS and93S were obtained
using the tosylated tri(ethylene glycol) and the analogous
sequence of reactions (Scheme 1).

Reaction of9aS and 94S with the tosylated achiral benzyl
protected glycoll2 and cleavage of the benzyl protecting group
gave the alcohol§16S and 11¢S (Scheme 2).

The synthesis route for the target molecul&gS, T6asS,
T6S, T6OS, T6eS, and T73S is shown in Scheme 3. The
respective enantiomeric compountsgR, T6SR, andT75R
are not shown but were synthesized in an analogoustvay.
Reaction of the chiral alcoholslaS, 115S, 116S, and11eS
with 2-bromothiophene-5-carbonyl chlorid® using pyridine
as base gave the estdrdoS, 143S, 140S, and 14¢S, respec-
tively. Following the strategy published in our previous werk,
the required oligothiophene units were formed by a Stille cross-

(13) (a) Mori, K. Tetrahedron1976 32, 1101. (b) Perkins, M. V.; Kitching,
W.; Kdning, W. A.; Drew, R. A. I.J. Chem. Soc., Perkin Trans.1D9Q
2501. (c) Cowie, J. M. G.; Hunter, H. WMakromol. Chem199Q 191,
1393. (d) Chiellini, E.; Galli, G.; Carrozzino, $4acromoleculesl990Q
23, 2160. (e) Brunsveld, L.; Zhang, H.; Glasbeek, M.; Vekemans, J. A. J.
M.; Meijer, E. W.J. Am. Chem. SoQ00Q 122 6175.

(14) See Supporting Information.

coupling reaction in the last step of the synthesis. The red crude
products obtained were readily soluble in chloroform and were
purified by repeated reprecipitation and size exclusion chro-
matography using BioBead$.

All the key compoundsT54S, T6, T6aS, T64S, T6JS,
T6eS, T7S, T56R, T6SR, andT7fR, used in the subsequent
studies were characterized via correct elemental’ahdlMR
and13C NMR analyses and appropriate spectroscopic proper-
ties14 Also the sequences used are known to yield nonracemized
productst® However, using MALDI-TOF MS and high-tem-
perature GPC, we established that there were trace amounts of
impurities in some compound$Thus, some had traces of the
compound in question with one EO unit less than required,
which arises from the difficulty in obtaining a perfect separation
of the homologue®aS/116S and 95511cS (see Scheme 2),
and some had additional thiophene residues in the aromatic core,
arising from the well-documented multiple coupling side
reactions associated with Stille couplifigThe estimated purities
of the samples are all well above 96%. The trace impurities did
not influence the self-assembly behavior of interest here since
a self-consistent argument describes the whole set of compounds
irrespective of whether trace impurities were detected; neverthe-
less it seems proper to record their existence since it may be
relevant in future extensions of this work.

Self-Assembly in Solution.The UV/vis absorption spectrum
of T54S in tetrahydrofuran (THF) shows a maximum/at=
433 nm. For allT6 derivatives, this maximum is located At
= 435 nm, while, forT74S, it occurs ath = 447 nm. In the
fluorescence spectra, maxima are found at 511, 530, and
548 nm forT54S, all T6 derivatives, and 73S, respectively.
The position of the maximum depends on the conjugation length,
and the shape of the spectra are similar to those reported earlier
for molecularly dissolvedy,a'-terminally disubstituted oligo-
thiophened® The self-assembly of the oligothiophenes was
studied in butanol. A solution of54S in butanol at 300 K
shows a UV/vis spectrum similar to that recorded in THF, and
the absorption maximum is located/at 438 nm (Figure 2a).
Upon cooling to 213 K, this band shifts to the blue by 63 nm,
A = 375 nm, indicating H-type aggregation. For tA®
derivatives, the shift upon cooling depends on the position of
the stereocenter. The smallest blue shift is observed 6orS
(37 nm), whileT64S shifts by 52 nm,T60S shifts by 62 nm,
and T6eS shifts by 65 nm (Figure 2c). The largest shift (69
nm) was observed foF6a indicating that the sexithiophenes,
lacking the methyl group of the stereocenter, show a stronger
exciton coupling probably as a result of a better packing (vide
infra). ForT7S in butanol, a similar blue shift from = 450
nm at 343 K tod = 410 nm at 273 K is found (Figure 2d).
Hence, it is now clear why absorption data reported in the
literature for similar aggregated oligothiophenes can change
from derivative to derivative depending on a very subtle
difference in the side chait.

(15) (a) Stille, J. K Angew. Chem., Int. Ed. Endl986 25, 508. (b) Espinet,
P.; Echavarren, A. MAngew. Chem., Int. EQR004 43, 4704.

(16) (a) Baserle, P Electronic Materials: The oligomer Approachiillen, K.,
Wegner, G., Eds.; VCH: Weinheim, 1998. (b) Katz, H. E.; Dodabalapur,
A.; Torsi, L.; Elder, D.Chem. Mater.1995 7, 2238. (c) Katz, H. EJ.
Mater. Chem1997, 7, 369. (d) Katz, H. E.; Laquindanum, J. G.; Lovinger,
A. J. Chem. Mater1998 10, 633. (e) Garnier, F.; Yassar, A.; Hajlaoui,
R.; Horowitz, G.; Deloffre, F.; Servet, B.; Ries, S.; Alnot, PAm. Chem.
Soc.1993 115 8716. (f) Parakka, J. P.; Cava, M. Petrahedron1995
51, 2229.

(17) Kawano, S.-i.; Fujita, N.; Shinkai, £hem—Eur. J.2005 11, 4735.
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Scheme 3. Synthesis of the S-Enantiomers of the Oligothiophenes T54S, T6aS, T64S, T60S, T6eS, and T75S2

0
Br S [ + 1108, 11PS, 115S, 11eS
\ /s

13
O l
Br \s/ /S\ R2 R
O\E/\o/'\‘/OE/\Oj/S + Me,Sn S / \ SnMe
3
R1 R4 n S
14aS, 148S, 143S, 14¢S 15 (n=0), 16 (n=1), 17 (n = 2)
© s / \_ 0
R3 R2 /s\ <) s R2 R3
: m s
R O Ao N PR,
R4 R1 R1 R4

T5BS, T60S, T6RS, T65S, T6eS, T7PS

aWhere foraS R1 = CHjs, R2, R3, R4= H; for S R2 = CHs, R1, R3, R4= H; for 6S R3 = CHjs, R1, R2, R4= H; and foreS R4 = CHjs, R1, R2,
R3 = H. For T538S m = 3; for T6aS, T6SS, T64S, andT6eS m = 4; and forT78S m = 5.

aI T T T T
0.75-
[%)]
S 3
S 3 . =
g 4 .
s ®
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1
0754 € —o—T6BS
—L—T638S
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2
<
S 0.50- _ @
% N =
Q .
s S 5
[75]
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0.25 1 i ©
0.00 ————— G 04—, i ,
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Figure 2. Temperature-dependent UV/vis and emission spectra in butanok(2® > M) for (a) T54S, (b) T6aS, and (d)T74S. UV/vis spectra at 283
K are plotted for allT6 derivatives in (c). The direction of the arrows indicates an increase in temperature (see text).

The fluorescence intensity of solutions 854S in butanol and quenching of the emission are observed on going from
at 213 K was reduced when compared to that found at 300 K, = 540 nm at 343 K tol = 625 nm at 273 K (Figure 2d).
and the maximum was red shifted to= 579 nm, typical for Odd—Even Effects in Chiral Packing. For T54S, a bisignate

H-aggregates (Figure 2a). AIl6 derivatives show an emission  Cotton effect is found at 213 K, while at 300 K no Cotton effect
maximum atl = 610 nm below 300 K, while above 370 K, a exists. The Cotton effect shows a positive sign at lower energy
much more intense emission is found having a maximurh at  (A;+; = 407 nm) and a negative Cotton effect at higher energy
= 508 nm (Figure 2b). In the case ®73S, a similar red shift (4 = 347 nm) revealing a right-handed helical packing (Figure

5926 J. AM. CHEM. SOC. = VOL. 128, NO. 17, 2006
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300

-300 T T ; : T T
300 400 500 600 700 300 400 500 600

Al nm Alnm

Figure 3. (a) CD spectra off58S, T63S, andT74S in butanol (2.6x 1075 M) at 283 K. (b) CD spectra for all chirdl6 derivatives (8x 10°° M) at
283 K.

3). The zero-crossing at the absorption maximum of the the case of methyl substitution, this group sterically hinders an
chromophore absorption indicates exciton coupling as a resultangle of 0. As a result, both the position of the stereocenter

of chiral aggregatiod.The sign of the Cotton effect Gf54Sis on the side chain and the conjugation length of oligothiophenes
opposite to that observed for the correspondifgS aggregates  determine the stability of the stacks (Figure 4b). Thus, the
(A1-1 = 419 nm andi;+; = 375 nm, left-handed helicity) but  observation that more—z interactions enhance the stability
similar to that found for the aggregates BFSS (Aj+] = 425 of the stacks, as indicated by the change of the Cotton effect
nm and;-; = 394 nm, right-handed helicity) (Figure 3a). intensity in aggregates obtained upon cooling solutionEsgiS,

Remarkably, the behavior is different from T4, T5, T6 or- T64S, andT7pS, is similar to earlier conclusions from studies
ganogelators bearing similar cholesteric side chains that did notof a series of oligothiophene organogelatbend stacked oligo-
show an alternation of the sign of the Cotton effeéciAs (p-phenylenevinylene)s
expected, the sign of the Cotton effect is reversed for aggregates Molecular Modeling. We have modeled the assembly of the
of T6R compared tol'63S (Figure 3b) having a stereocenter oligothiophenes (starting fromi73S), with a combination of
with the opposite configuration. The sign of the Cotton effect density functional theory calculations (for the internal structure
also depends on the position of the stereocenter in the substituenbf the molecules) and force-field molecular mechanics and
(Figure 3b). For odd-numbered positions, TéaS and T6eS, molecular dynamics (MD) simulations (for the structure of
the low energy side has a positive sign, while the even stacks). To take into account both the lateral and the in-stack
numbered, i.e.T64S andT60S, have a negative sign. Interest- intermolecular interactions, the model system studied consisted
ingly, the magnitude of the Cotton effect decreases upon moving of two parallel columns of eight molecules df73S. MD
the stereocenter away from the chromophore, as seen whersimulation$* reveal two stable structures corresponding to right-
comparingT6eS with T6aS andT60S with T64S. In addition, and left-handed helices. The molecules within a stack are not
the intensity of the Cotton effect increases upon extending thein perfect registry (i.e., they are slightly shifted and rotated)
conjugation length, and remarkably, the sign also depends onwith respect to each other, while the planes of the T7 segments
the number of thiophene rings; compdi®ss, T64S, andT73S remain parallel to each other. As a result, the molecular
(Figure 3a). The observed odédven effects in the optical organization within the stacks, seen from the side of a single
activity of the sexithiophene assemblies are similar to those column in Figure 5, clearly shows a helical character. The mean
reported earlier foi3-substituted polythiophentsand are in distance between thesystems of adjacent molecules is &7
agreement with the established ROD-REL rules for cholesteric 0.5 A, which is typical ofz-stacked oligothiophené§.The
liquid crystals and helical polymefs. difference in the energy calculated for the left- and right-handed
Stability of Aggregates. When the UV/vis maxima for all assemblies is 200 kJ/mol in favor of the right-handed assembly.
T6 derivatives at the same concentration are plotted versusNo interconversion occurs between the two structures during
temperature, the phase-transition curves shift to higher temper-the 800 ps of the simulation at 300 K. This is in agreement
atures (Figure 4) as the stereocenter is moved further away fromwith the experimental results: aggregatesT@fS display a
the thiophene segment. The, of the thiophene stacks, as positive Cotton coupling (Figure 3a), which is the signature of
recorded by cooling a sample at a rate of 10 K/h, is located at right-handed helicity. The methyl groups at the chiral centers
288 K (T6aS), 316 K (T6p9), 323 K (T60S), 328 K (T6¢€S), uniformly point upward (downward) in the groups on the left
and 330 K {6) showing that the achiral stacks are the most (right) side of the stack. The steric hindrance of the methyl
stable. The enthalpy gain computed from the slope of the curvesgroups at the chiral centers probably induces the longitudinal
(Figure 4a) is lowest fom6aS (—11 kJ/mol) and highest for  shift and rotation of the molecules in the stacks, giving rise to
T6 (—28 kd/mol). The differences in the transition curves reflect the helical structure. The angle measured between the long axis
a better packing of the T6 segments when the steric hindranceof neighbor molecules in the stack ist71° and is similar for
of the stereocenter in the side chains is removed. This behaviorboth left- and right-handed assemblies. Based on this angle, a
indicates that the preferred orientation is similar to that found full turn would require about 50 molecules, which would
for o"gOthio_pheneS_in the So_lid st_ate in WhiC_h the angle between (18) Jonkheijm, P.; Hoeben, F. J. M.; Kleppinger, R.; van Herrikhuyzen, J.;
the long axis of adjacent oligothiophenes is close to #&to. Schenning, A. P. H. J.; Meijer, E. W. Am. Chem. So2003 125, 15941.

J. AM. CHEM. SOC. = VOL. 128, NO. 17, 2006 5927
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Figure 4. (a) Phase transition curves ©6 derivatives at 2.6< 107> M in butanol based on UV/vis data. (b) Phase transition curvéEsgs (O0), T63S
(0), andT7BS (2) at 2.6 x 107> M in butanol based on CD data. (c) Melting temperatligeversus number of thiophene rings and substitution pattern.

Figure 5. Side view of a column off 73S molecules. The hydrogen atoms are omitted, for the sake of clarity. The carbon atoms of the methyl groups at
the chiral centers are represented as green balls. In the top molecule, the T7 segment is oriented parallel (a) or perpendicular (b) to the pdgendews c
e correspond to successive rotations by ang the vertical axis, starting from b.

correspond to a helical pitch of around 18 nm. Analogous results Two series of simulations were also carried out for two
were obtained for the other enantionTétsR. However, in this adjacent columns of6fR molecules andl'54S molecules,
case the left-handed helix is the most stable structure. respectively. In those cases, also distances between the cofacial
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Figure 6. Images of drop cast solution @63S (butanol). (a) SEM image on an Al surface (scale bar represent 100 nm). TM-AFM images on glass, (b)
height, 5x 5 um? scale 25 nm; (c) 1.& 1.8 um? scale 15 nm.

molecules is found to be 3 0.5 A for both, while the angle  Conclusions
measured between the main axis of neighbor molecules within
a stack is 2+ 1° and 4+ 1° for T6SR andT54S, respectively.
For theT54S molecular stack, the right-handed helix and, for
the T65S molecular stack, the left-handed helix were obtained.
These data are in full agreement with the experimental data
providing additional evidence for the odéven effect. Note
should be made that in the modeling of thesS assemblies

We have comprehensively studied the chiroptical properties
of a series of chiral self-assembled oligothiophenes. These
studies show that the stability of the assemblies depends on the
sr-conjugation length and the position of the stereocenter relative
'to the z-conjugated core. Odeeven effects are observed in
the sign of the Cotton effect as the position of the chiral sub-
X . ; stituent is moved along the oligo(ethylene oxide) chain. More-
three interconverting structures were observed: a r|ght-handedover, the sign alternates on going from the quinquethiophene
helix equilibrated via a straight column with a left-handed helix, to the septithiophene having the same side chain. The stability
with the latter having the highest stability. The smaller calculated f ihe assemblies is the largest for the achiral sexithiophenes,
energy difference between supramolecular assemblies formedynich reveals a competition between the packing of the
by T6 in comparison withTS and T7 could be due to the . conjugated segments and the chiral ethylene oxide side chains.
difference in point group?2° Even-numbered oligothiophenes |t a1s0 shows that the perfect packing of oligo- and poly-
possess a quasi-inversion center resultin@zrsymmetry, while thiophenes is found in which the angle between the long axis
odd-numbered oligothiophenes have a C2 axis in the molecular ¢ adjacent thiophene segments is zero. Our results give some

plane and perpendicular to the long molecular aig) This injtial design rules for the construction of helical assemblies,
implies that for odd-numbered oligothiophenes the transition which is important for any putative applications.

dipole moment is perfectly aligned with the long molecular axis, _ _ )
while for even oligomers there is an offset resulting in a different  Acknowledgment. This research was carried out in the
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The assemblies are presumed to be constructed from a layer

of T63S molecules forming capsules, i.e., hollow spheres, simi- (19) Meinardi, F.; Cerminara, M.; Borghesi, A.; Spearman, P.; Bongionvanni,
. . . G.; Mura, A.; Tubino, RPhys. Re. Lett. 2002 89, 157403-1

lar to those found for oligg-phenylenevinylene)s and oligo-  (20) Kouki, F.J. Chem. Phys200Q 113 385.
thiophene-based surfactants. which form vesicles in Wafar. (21) The values are high far—x interactions which points to additional

s e . R . . secondary interactions such as side chain association.
It is difficult to construct vesicles from helically organized oligo-  (22) (a) Jiang, L.; Hughes, R. C.; Sasaki, D.hem. Commur2004 1028.

; i - ; (b) Hoeben, F. J. M.; Shklyarevskiy, I. O.; Pouderoijen, M. J.; Engelkamp,
thIOph_enes' Therefore_’ we believe that self assembled chiral H.; Schenning, A. P. H. J.; Christianen, P. C. M.; Maan, J. C.; Meijer E.
domains are present in the shell of the macroscopic capsules.  Ww. Angew. Chem., Int. EQ006 45, 1232.
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