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A series of large, rigid, new, well-defined,Br-B—A compounds with three chromophores (truxene
moieties at the core, conjugated oligothiophenes as the branch bridges, and [60]pyrrolidinofullggene (C
segments as the end-capped groups) have been facilely developed in this contribution. Oligothiophene-
functionalized truxene derivativels-29 are prepared by the Suzuki, the Sonogashira, and the Negishi
cross-coupling reactions catalyzed by Pd(§Pds well as the McMurry reaction, respectively. The 1,3-
dipolar cycloaddition of the oligomers withs&andN-methylglycine yields a new family of star-shaped
D—n—B—A derivatives end-capped with pyrrolidinofullerene moieties as the active materials for
photovoltaic devices in which one, two, three, or foyg @oieties are allocated at the peripheral position

of well-defined compounds, respectively. We also investigate the-W% and photoluminescence
behaviors of these pyrrolidinofullerene-functionalized derivatives. The emission is obviously quenched
after the inducement of thesgmoieties. We also observe that the emission intensity is decreased with
the increase in the number ot{noieties.

Introduction Composite films consisting of organicconjugated materials

Particularly, extendedr-conjugated star-shaped molecules and fullerenes (&) derivatives have currently been extensively

with definite nanometer sizes and intrinsic stiff nature have been
proved to exhibit interesting electrical, optical, nonlinear optical, 5 de) (al\)AMartigg%%, %‘; Iggggg;d,(%: ;?.nd.ea\}l, l%h Dela\l(unaCyHJ.; RoanaIi,
B ; B ; B i J. Adv. Mater. : . rai, Y.; ao, Y.; eng, L.;
and eIectrqummespent properties for. appllcanqns in electromc Tour, J. M.Org. Left. 2004 6, 2120-2132. (c) Guldi, D. M.. Swartz, A
and photoelectronic devices, including organic photovoltaic o, c.; Gomez, R.; Segura, J. L.; MartiN. J. Am. Chem. SoQ002
device$ and organic light-emitting diodé<One of the important 124 10875-10886. (d) Accorsi, G.; Armaroli, N.; Eckert, J.-F.; Nieren-

hallenain Is of r-sh n ndritic materials chem-garten, J.-F.Tetrahedron Lett2002 43, 65-68. (e) Langa, F.; Goez-
challenging goals of star-shaped and dendritic materials che Escalonilla, M. J.; Dez-Barra, E.; GaferMartnez, J. C.; de la Hoz, A.;

Istry Is to deyelop new families Ot'conJUQated. star-ghaped . Rodfguez-L'd?ez, J.; Gonizaez-Cortes, A.; Lopez-Arza, V. Tetrahedron Lett.
molecules with novel branches and cores, to investigate their 2001, 3435-3438. (f) Nierengarten, J.-F.; Armaroli, N.; Accorsi, G.; Rio,
physical and chemical properties, as well as to understand theY; Eckert, J.-FChem—Eur. J.2003 9, 36-41. (g) Gutierrez-Nava, M.;

; S it _ Accorsi, G.; Masson, P.; Armaroli, N.; Nierengarten, JGRem—Eur. J.
structure-property relationship within such structures. In com 004 10, 5076-5086. (1) Armaroli, N.: Barigelletti, F.. Ceroni, P.; Eckert,

parison to their corresponding linear analogues, star-shaped;.-F.: Nicond, J.-F.; Nierengarten, J.€€hem. Commun200Q 7, 599
molecules have a number of advantages for applications in600. () Segura, J. L.; Goez, R.; Martm, N.; Luo, C.; Swartz, A.; Guldi,

i ; _defi i D. M.; Chem. CommurR001, 8, 707—708. (j) Nierengarten, J.-few. J.
photoelectronic devices, for example, the well-defined, unique Chem.2004 28, 1177-1191. (k) Sequra, J. L. Mt N.- Guldi, D. M.

macromolecular structure, good film-forming processing, and chem. soc. Re2005 34, 31-47. (1) Nierengarten, J.-Rol. Energy Mater.
other fascinating propertiés. Sol. Cells2004 83, 187—199.
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investigated in photovoltaic cells with the aim of generating SCHEME 1
larger-area photodetector and solar céfisn the past several
years, integration of some chromophores, including well-defined
linear* or star-shaped compoun# and fixing fullerenes as
terminal groups in conjugated oligomeric systems through
covalent bonds have gained considerable attention to lead to
high conversion efficiencies for plastic solar céllslowever,

it is still imperative to develop novel fullerene-functionalized
mr-conjugated star-shaped molecules and to understand the effect
of the content of pyrrolidinofullerene covalent bonding at the
bridge on the properties of desired materials and the relationship
between the properties and the intrinsic structure of materials.

wuwnn
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Most recently, the spherical wheels based on fullereggatd

polyarene and planar systénin our group, we have also

freely rotating axles based on alkynes were utilized for directed developed a novel series of-conjugated star-shaped and

single-molecular nanoscale rollifg.
The heptacyclic polyarene 10,15-dihydsel-di-indeno[1,2-
a;1',2-c]Jfluorene (truxene, Tr), as one of the family of poly-

dendritic materials based on truxene from the viewpoint of
fundamental chemistry as well as practical applicants in organic
optics and electronics.

cyclic aromatic hydrocarbons, has been recognized as a potential Herein, we describe a facile strategy to precisely employ
starting material for the construction of large polyarenes and various coupling reactions for preparing a novel type efB-

bowl-shaped fragments of the fullerenes and@af tripods
materials in asymmetric catalysis, chiral recognition, and liquid

B—A, well-defined, star-shaped, conjugated oligomers with three
chromophores (the truxene moiety, rigid oligothiophenes as the

crystal as well as photonic and electronic displays due to a branch bridges and fullerene as the end-capped groups). The

(2) (a) Loi, S.; Butt, H. J.; Hampel, C.; Bauer, R.; Wiesler, U. M.},

K. Langmuir 2002 18, 2398-2405. (b) Liu, D.; Zhang, H.; Grim, P. C.
M.; De Feyter, S.; Wiesler, U.-M.; Berresheim, A. J.;"Mmn, K.; De
Schryver, F. CLangmuir2002 18, 2385-2391. (c) Halim, M.; Samuel, I.
D. W.; Pillow, J. N. G.; Monkman, A. P.; Burn, P. ISynth. Met.1999
102 1571-1574. (d) Halim, M.; Samuel, I. D. W.; Pillow, J. N. G.; Burn,
P. L. Synth. Met1999 102 1113-1114. (e) Halim, M.; Pillow, J. N. G;
Samuel, I. D. W.; Burn, P. LAdv. Mater. 1999 11, 371-374. (f) Halim,
M.; Pillow, J. N. G.; Samuel, I. D. W.; Burn, P. ISynth. Met1999 102
922-923. (g) Wang, P. W.; Lui, Y. J.; Devadoss, C.; Bharathi, P.; Moore,
J. S.Adv. Mater. 1996 8, 237—-241. (h) Tomalia, D. A.; Naylor, A. M;
Goddard, W. A,, lll.LAngew. Chem., Int. Ed. Endgl99Q 29, 138-175.

(3) (@ Newkome, G. R.; Moorefield, C. N.; \gtle, F. Dendritic
Molecules: Concepts, Synthesis, PerspesiWiley-VCH: Weinheim,
Germany, 2002. (b) Fohet, J. M. J.; Tomalia, D. ADendrimers and Other
Dendritic PolymersWiley: Chichester, U. K., 2001. (c) Grayson, S. M.;
Frechet, J. M. J.Chem. Re. 2001, 101, 3819-3867. (d) Strohriegl, P.;
Grazulevicius, J. VAdv. Mater. 2002 14, 1439-1452. (e) Thelakkat, M.
Macromol. Mater. Eng2002 287, 442—-461. (f) Nierengarten, J.-F.; Eckert,
J.-F.; Rio, Y.; del Pilar Carreon, M.; Gallani, J.-L.; Guillon, D.Am. Chem.
Soc 2001, 123 9743-9748. (g) Zhang, S.; Rio, Y.; Cardiali, F.; Bourgogne,
C.; Gallani, J.-L.; Nierengarten, J.-F.Org. Chem2003 68, 9787-9797.

(h) Cardullo, F.; Diederich, F.; Echegoyen, L.; Habicher, T.; Jayaraman,
N.; Leblanc, R. M.; Stoddart, J. F.; Wang, ISangmuir1998 14, 1955~
1959.

(4) (@) Yu, G.; Gao, J.; Hummelen, J. C.; Wudl, F.; Heeger, ASclence
1995 270 1789-1791. (b) De Bettignies, R.; Nicolas, Y.; Blanchaed, P.;
Levillain, E.; Nunzi, J.-M.; Roncali, JAdv. Mater.2003 15, 1939-1943.

(c) Yamashiro, T.; Aso, Y.; Otsubo, T.; Tang, H.; Harima, Y.; Yamashita,
K. Chem. Lett1999 443-444. (d) Nierengarten, J. F.; Eckert, J. F.; Nicoud,
J. F.; Ouali, L.; Krasnikov, V.; Hadziioannou, @hem. Commurl999
617-618. (e) Eckert, J. F.; Nicoud, J. F.; Nierengarten, J.-F.; Liu, S. G;
Echegoyen, L.; Barigelletti, F.; Armaroli, N.; Ouali, L.; Krasnikov, V. V.;
Hadziioannou, GJ. Am. Chem. So@00Q 122 7467-7479. (f) Gu, T;
Tsamouras, D.; Melzer, C.; Krasnikov, V.; Gisselbrecht, J. P.; Gross, M.;
Hadziioannou, G.; Nierengarten, J. GhemPhysCher2002 1, 124-127.

(9) Liu, S. G.; Shu, L.; Rivera, J.; Liu, H.; Raimundo, J. M.; Roncali, J.;
Gorgues, A.; Echegoyen, L1. Org. Chem.1999 64, 4884-4886. (h)
Ramos, A. M.; Rispens, M. T.; van Duren, J. K. J.; Hummelen, J. C.;
Janssen, R. Al. Am. Chem. So@001, 123 6714-6715. (i) Negishi, N.;
Takimiya, K.; Otsubo, T.; Hutaka, Y.; Aso, YChem. Lett2004 654—
655. (j) Segura, J. L.; Martin, N.; Guldi, D. MChem. Soc. Re 2005 34,
31-47. (k) Coakley, K. M.; McGehee, M. DChem. Mater.2004 16,
4533-4542. (l) Hasobe, T.; Imahori, H.; Kamat, P. V.; Ahn, T. K.; Kim,
S. K.; Kim, D.; Fujimoto, A.; Hirakawa, T.; Fukuzumi, S. Am. Chem.
Soc.2005 127, 1216-1228. (m) Jorgensen, M.; Krebs, F.L Org. Chem
2004 69, 6688-6696. (n) Kim, K.-S.; Hang, M.-S.; Ma, H.; Jen, A. K.-Y.
Chem. Mater2004 16, 5058-6062. (0) Cravino, A.; Sariciftci, N. S\at.
Mater. 2003 2, 360—361.

(5) Yang, C. Y.; Heeger, A. Bynth. Met1996 83, 85-88.

(6) Shirai, Y.; Osgood, A. J.; Zhao, Y.; Kelly, K. F.; Tour, J. Mano
Lett. 2005 5, 2330-2334.

conjugation length of the oligothiophenes in bridges and the
content of capped fullerene groups have been systematically
moderated. The molecular design allows for probing effects of
various contents of fullerenes on the properties of materials and
on intramolecular and intermolecular energy transfer. The
divergent constitution facilitates the construction of well-defined
energy gradients via a site-specific functionalization and an array
of light-collecting chromophores at one periphery toward one
or multienergies or electron sinks in another periphery. Through
the investigations of electric and optical properties, we can
understand how the significant photoinduced intramolecular
electronic communication or intermolecular charge transfer
between the hosts ard-methylpyrrolidinofullerene moieties
have formed in the excited states or in the ground states.

Results and Discussion

Synthesis. The Synthesis of Star-Shaped Aldehyddsrst,
we developed a series of novel star-shaped molecules. Scheme
1 outlines the star-shaped structureslef, prepared through
the Suzuki reaction in our previous contributi®nlo further
improve the solubility of our desired fullerene-functionalized
triads in common organic solvents, we utilized the 3,4-
ethylenedioxythiophene (EDOT) moiety instead of the thiophene
moiety. Scheme 2 illustrates the synthetic route to compounds
5 and 6. In place of the Suzuki cross-coupling reaction, we

(7) See, for example: (a) Boorum, M. M.; Scott, L. T.Nfodern Arene
Chemistry Astruc, D., Ed.; Wiley-VCH: Weinheim, Germany, 2002;
Chapter 1. (b) Boorum, M. M.; Vasil'ev, Y. V.; Drewello, T.; Scott, L. T.
Science2001, 294, 828-831. (c) Scott, L. T.; Boorum, M. M.; McMahon,
B. J.; Hagen, S.; Mack, J.; Blank, J.; Wegner, H.; de MeijereSéience
2002 295 1500-1503. (d) Ganez-Lor, B.; de Frutos, QEchavarren, A.
M. Chem. Commuri999 2431-2432. (e) Rabideau, P. W.; Abdourazak,
A. H.; Marcinow, Z.; Sygula, R.; Sygula, Al. Am. Chem. Sod.995 117,
6410-6411. (f) Sygula, A.; Rabideau, P. W. Am. Chem. So200Q 122,
6323-6324.

(8) (a) Pei, J.; Wang, J.-L.; Cao, X.-Y.; Zhou, X.-H.; Zhang, W.3B.
Am. Chem. So003 125 9944-9945. (b) Zhang, W.; Cao, X.-Y.; Zi,
H.; Pei, J.0rg. Lett.2005 7, 959-962. (c) Cao, X.-Y.; Zhang, W.; Zi, H,;
Pei, J.Org. Lett.2004 6, 4845-4848. (d) Cao, X.-Y.; Zhang, W.; Zi, H.;
Pei, J.Macromolecule®004 37, 8874-8882. (e) Cao, X.-Y.; Liu, X.-H.;
Zhou, X.-H.; Zhang, Y.; Jiang, Y.; Cao, Y.; Cui, Y.-X.; Pei, J. Org.
Chem.2004 69, 6050-6058. (f) Cao, X.-Y.; Zhang, W.-B.; Wang, J.-L.;
Zhou, X.-H.; Lu, H.; Pei, JJ. Am Chem. So2003 125, 12430-12431.
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2Reagents and condition: (i) LDA, THF; 78 °C; ZnCh, THF, —78
°C to rt; (ii) Pd(PPR)4, THF, reflux, 10 h, 86% fob, 24% for®6; (iii)) NBS,
CHCIy/CH;COOH (1/1), 0°C, 76%.

employed the Negishi cross-coupling reaction betweeh-5,5
10,10,15,18-hexahexyl-2,7,12-triiodo-10,15-dihyd&H-diin-
deno[1,2a;1',2-c]fluorené® and EDOT-2-zinc chloride &)
catalyzed by Pd(PRJy to afford5 in about 86% yield. EDOT-
2-zinc chloride §) was in situ derived from the lithiation of
EDOT with LDA, followed by reacting with anhydrous ZngCl

in anhydrous THF. After following regioselective bromination
of the a-positions at the thiophene moieties by NBS, we also
prepared6 bearing 5,2bis(EDOT) arms at three branches

through the similar Negishi cross-coupling procedures in 24%

yields.
By the Vilsmeier reaction, we not only got trialdehyde

derivatives by adding an excess of phosphorus oxychloride R;

(POCE) in high yields, but also could obtain the monoaldehydes
and dialdehydes by controlling the added amount of ROCI
respectively. As outlined in Scheme 3, oligothiophene-func-
tionalized star-shaped truxene derivativeras subjected to the
Vilsmeier reaction at one of the focal points with DMF and
POC in refluxed 1,2-dichloroethane to give the corresponding
aldehydes/—9 in good yields. We also obtained other star-
shaped aldehydel)—18 by employing the same procedures.
The structures of all new star-shaped aldehytie$8 are shown

in Scheme 4.

As shown in Scheme 5, the Suzuki coupling reaction between

the readily available 5;3.0,10,15,13-hexahexyl-2,7,12-tri-
bromo-10,15-dihydr&H-diindeno[1,2a;1',2'-c]fluorené®2 and
2-thiopheneboronic acid, with Pd(Pfhas the catalyst in THF,
afforded both19 and20 in moderate yield, which were easily
separated by column chromatography. The homocouplii of
with LDA/CuClI, provided dimer21 in 65% yield? The fol-
lowing Suzuki coupling reaction betwe@i and 2-thiophene-
boronic acid catalyzed by Pd(Pfhafforded22 in 90% yield.
As illustrated in Scheme 6, the McMurry reaction @f
utilizing TiCl4;—Zn produced23 with a double-bond linker in

(9) Xia, C.; Fan, X.; Locklin, J.; Advincula, R. C.; Gies, A.; Nonidez,
W. J. Am. Chem. So2004 126, 8735-8743.
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R= n-CeH13

a Reagents and conditions ftrto 7 and8: (i) DMF (1.1 equiv), POd
(1.0 equiv), DCE, reflux, 3 h, 46% fat, 20% for8. Reagents and conditions
for 1to 9: (i) DMF (15 equiv), POd (12 equiv), DCE, reflux, 10 h, 85%.

SCHEME 4
R Cmps.| Ry R, Rz Ry n
' 7| H CHO H H 1
Ry 8| H CHO CHO H 1
9| H CHO CHO CHO 1
10 H CHO H H 2
1 H CHO CHO H 2
12 H CHO CHO CHO 2
Ry 13 H CHO CHO CHO 3
R*R 14| H CHO CHO CHO 4
15 |OCH, CHO H H 1
16 [OCH, CHO CHO H 1
R, 17 |OCH, CHO CHO CHO 1
18 | OCH, CHO CHO CHO 2

72% yield1® As shown in Scheme 7, the same formylation of
22 and 23 using DMF and POGIlconveniently afforded the
corresponding tetraaldehydésl and25, the other two precur-
sors of the G dyads, respectively.

Scheme 8 outlines the synthetic approach to comp@md
The Suzuki reaction betweeB0 and 5-(trimethylsilyl)-2-
thienylboronic acié! afforded26 in good yield. Compoun@6
reacted with ICl in a mixture of methylene chloride and diethyl
ether at 0°C to give the monoiodide compound followed by
the Sonogashira coupling with acetylene gas, which afforded
the desired dime27 linking with the ethynylene group in 50%

(10) (a) Blanchard, P.; Brissent, H.; lllien, B.; Riou, A.; RoncaliJJ.
Org. Chem.1997, 62, 2401-2408. (b) McMurry, J. EChem. Re. 1989
89, 1513-1524.

(11) Wu, R.; Schumm, J. S.; Pearson, D. L.; Tour, J.JMOrg. Chem.
1996 61, 6906-6921.
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SCHEME 72

aReagents and conditions: (i) 2-thiopheneboronic acigQdg (2 M),
Pd(PPR)s, THF, reflux, 36% forl9, 24% for20, 90% for22; (ii) (a) LDA,
—78°C, 1 h; (b) CuC}, —78°C to rt, 10 h, 65%.

SCHEME 62

aReagents and conditions: (i) TigtZn, THF, reflux, 16 h, 72%.

yield12 As shown in Scheme 9, the treatment &fwith
N-iodosuccinimide afforde@8.13 The same Sonogashira cou-
pling between28 and acetylene gas conveniently afforded
another tetraaldehyd29.

Synthesis of GgFunctionalized Dyads. As outlined in
Schemes 1612, we prepared the star-shaped derexceptor
Cso-functionalized dyad80—44 by treating the aldehydes with
fullerene and an excess bfmethylglycine in refluxing chlo-

(12) Li, J.; Pang, Y.Macromoleculesl997 30, 74877492. (b) Pal,
M.; Kundu, N. G.J. Chem. Soc., Perkin Trans.1P96 5, 449-451.

(13) Melucci, M.; Barbarella, G.; Zambianchi, M.; Di Pietro, P.; Bongini,
A. J. Org. Chem2004 69, 4821-4828.

a2 Reagents and conditions: (i) DMF (30 equiv), P@@5 equiv), DCE,
reflux, 12 h, 83% for24 and 25.

SCHEME 82

R = n-CeH
S 27

a Reagents and conditions: (i) 2-trimethylsilyl)-5-thienyl boronic acids,
Pd(PPh)4, 70 °C, N&COQ; (2 M), THF, 10 h, 90%; (ii) (a) ICI, CHCly,
ether, 0°C, 1 h; (b) acetylene, Cul, B, PACb(PPh),, rt, 8 h, 50%.

robenzene through 1,3-dipolar cycloaddition reactidnghe

yields were about 4555% for the monoadducts, 4@7% for

the bisadducts, and about 20% for the triadducts and tetraad-

ducts. Because of the presence of the long alkyl chains, most

of the Gso adducts were readily soluble in polar organic solvents.

In addition, those bearing EDOT moieties exhibited good

solubility in common organic solvents at room temperature.
Not only did we obtain appropriafél and'®C NMR spectra

as well as elemental analytical data, we also employed MALDI-

(14) (a) Prato, M.; Maggini, MAcc. Chem. Redl99§ 31, 519-526.
(b) Maggini, M.; Scorrano, G.; Prato, M. Am. Chem. Sod993 115
9798-9799.
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SCHEME 92 Thermal Stability. For photoelectronic applications, the
thermal stability of organic materials is critical for device
stability and lifetime. The degradation of organic photoelectronic
devices depends on morphological changes resulting from the
thermal instability of the amorphous organic layerThe
morphological change might be promoted by the rapid molecular
motion near the glass transition temperatufg).(In our
investigation, all compounds includings¢adducts exhibited

an onset of evaporation or decomposition greater than°@00
with no weight loss at lower temperature. All compounds were
in an amorphous state at room temperature. The glass transition
temperatures were improved from 40 for 1 to 170°C for 6.

We observed that the glass transition augmented ftam 4

with the increase of the conjugation length. Moreover, The

of EDOT derivatives was higher than that of the corresponding
nonsubstituted thiophene derivatives. However, gilaiducts

did not exhibit any obvious glass transition during the heating.
We observed thal—6 formed kinetically stable amorphous
phases after thermal annealing. Typically, differential scanning
calorimetric thermogram characteristics bf6 are shown in
Figure 1 for elucidation.

2 Reagents and conditions: (i) NIS, @El,/AcOH, 0°C, 2 h, 90%; (ii) Photophysical Properties.Normally, oligothiophenes and
acetylene, PdG{PPh),, Cul, E&N, 8 h, rt, 45%. polythiophenes show a strong-s* electron absorption band
SCHEME 102 in the visible region, which is progressively red-shifted with
increasing chain length. On the basis of the spectroscopic
investigation of oligothiophenes, the effective conjugation length
is not much longer than 11 repeat uritaVe first investigated
the basic optical properties @f-6 in dilute THF solutions. The
absorption and emission spectralef6 in THF solutions are
shown in Figure 2. As summarized in Table 1, the continuous
red shifts of the absorption spectra were observed with a
successive increase of the thiophene ring in the investigation
of the oligothiophene-functionalized truxene derivatives. Com-
poundsl—4 exhibited the maximum absorption peaks at 341,
383, 411, and 424 nm and were substantially red-shifted relatives

n n to thiophene, bithiophene (302 nm), terthiophene, (354 nm) and
10 | H ; R= n-Cohrs 3‘1’ E ; 50% quaterthiophene (396 nm), respectiv&lilhe electronic absorp-
15 | OCH, 1 32 1OCH, 1 51% tion maximum for4 (424 nm) was quite close to that of the
aReagents and conditions: (-methylglycine, Go, chiorobenzene,  €gioregular polyalkylthiophenes (434 nfif)The results sug-
reflux, 12 h. gested the formation of a highly extendedielocalized system

) through the truxene core. Fbythe absorption behaviors peaked
TOF MS measurements to characterize the structure andat 347 nm, with a shoulder at 363 nm that red-shifted at about
molecular weight for every new compound. Aboub@dducts, 6 nm in comparison with that of compourd This was due to
all adducts containing more than one fullerene unit have beenthe electron-donating effect of the ethylenedioxy substituents
obtained as mixtures of diasteroisomers, which can be separateét the thiophene rings. Similarly, compared with the corre-
in some cases. However, we obtained @j &iducts as mixtures  sponding2, the absorption spectrum éfalso red-shifted and
of diastereomers as a result of the creation of a stereocenter akxhibited the maximum peaks at 398 and 420 nm, which were
each pyrrolidine ring. FrorfH NMR spectra, we did not observe  close to that of3. For these two series of compounds, the

any self-association by arene stacking in solutiengith an absorption spectra & and 6 showed the more well-defined
increase in the concentration. This indicated that hexahexyl vibronic behavior in comparison with those bf-4.

substituents efficiently reduced such self-association in solutions, For PL spectra of all compounds, we observed that they
which was also in agreement with the results investigated by showed a maximum with a well-defined vibronic feature and
the optical properties. Our described results also provided athat the difference of peaks became more conspicuous with the
versatile strategy for controlling the morphology of the truxene jncrease in the thiophene rings. The emission spectra-fér

derivatives. in THF solution are shown in Figure 3. The PL behaviors of
: these compounds showed similar features as those of the
(15) See, for example: (a) Lambert, C.;"IN0G.; Schamizlin, E; absorption spectra. The maximum peak red-shifted with the

Meerholz, K.; Biaichle, C.Chem—Eur. J. 1998 4, 2129-2134. (b) de
Frutos, O; Gomez-Lor, B.; Granier, T.; Jirmeez-Barbero, J.; Monge, M.
A.; Gutiarez-Puebla, E.; Echavarren, A. Mngew. Chem., Int. EA.999
38, 204-207. (c) Ganez-Lor, B.; de Frutos, QCeballos, P. A.; Granier, (16) (a) Kagan, J.; Arora, S. Kl. Org. Chem1983 48, 4317-4320.

T.; Echavarren, A. MEur. J. Org. Chem2001, 2107-2114. (d) de Frutos, (b) Han, E. M.; Do, L. M.; Niidome, Y.; Fujihira, MChem. Lett1994

O.; Granier, T.; Gmez-Lor, B.; Jimeez-Barbero, J.; Monge, M. .A 969-970.

Gutierez-Puebla, E.; Echavarren, A. them—Eur. J. 2002 8, 2879~ (17) See, for example: ten Hoeve, W.; Wynberg, H.; Havinga, E. E.;
2890. Meijer, E. W.J. Am. Chem. S0d.99], 113 5887-5889.

increase in the effective conjugated length frbmo 4. Although

4404 J. Org. Chem.Vol. 71, No. 12, 2006
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SCHEME 112

n n

: Ho 2 o
1 | H 2 R = n-CgH 34 0
16 | OCH, 1 s 35 | OCH, 1 47%

9
17 | OCH, 1 40 | OCH,
18 | OCH, 2 41 | OCH;,

24%
aReagents and conditions: (§-methylglycine, Go, chlorobenzene, reflux, 12 h.

the maximum peak d only slightly red-shifted in comparison  region (as shown in Figure 5). The absorption behaviors of other
with that of 1, the maximum emission peak 6f red-shifted Cso dyads also exhibited similar features. Furthermore, &l C
about 13 nm in comparison with. Moreover, the results all  adducts also exhibited a broad, weak absorption peak at about
demonstrated that the emission spectra of truxene derivatives705 nm. Finally, we observed that the inductive electron-
were liable to be tuned by introducing oligothiophene segments. releasing effect of the fulleropyrrolidine group caused a slight
Figure 4 compares the absorption spectr2,081, 34, and red-shift of Amax (per Gso group, red-shift of about 4 nm); for
37 in dilute dichlorobenzene solutions; for this series, they instance, for39, the absorption peak red-shifted 11 nm in
owned the same bridge (bithiophene) and contained different comparison with that of. The results demonstrated that in the
numbers of Gy one Go moiety for 31, two Gso moieties for ground state there was no significant intramolecular electronic
34, and three g moieties for37. Not only did we observe that communication or charge-transfer interaction between the
the absorptiorlmax at about 383 nm fol slightly red-shifted fullerenes and the hosts through the pyrrolidine segments.

with the increase in the content ogbut we also found the We observed that the obvious intramolecular and intermo-
characteristic absorption ofsgat around 330 nm in all spectra  lecular singlet energy transfer from a photoexciteconjugated
enhanced with an increase in the content of ther@oieties. oligomer to a covalently bondedsgmoiety happened in the
For another series all bearing thregy @oieties,36, 37, and excited states for all  adducts. Figure 6 compares the effect
38as well as39, we observed another characteristic absorption of both the content of g and the length of the bridge on the
of Ceo at around 430 nm in the absorption spectrun3@fWe emission spectra in dilute solutions. When excited at the

observed obvious red-shift from about 350 nm to 440 nm with wavelength of maximum absorption of the oligomers, the
the increase in the conjugation length of the oligothiophenes fluorescence of g dyads in 1,2-dichlorobenzene solutions was
from the dyads36, 37, and38to 39, and then the g absorption strongly quenched by 4 orders of magnitude with respect to
peaks were extinguished in the broad peak due to the predomi-the emissions 0f—6. The emission quenching in solution also
nation of the strong absorption of the oligothiophenes in this confirmed unambiguously the covalent linkage of thg, C
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SCHEME 122

R=n CSH13

R=n- CSH13

aReagents and conditions: (}-methylglycine, Go, chlorobenzene, reflux, 12 h, 34% f4R, 30% for43, and 35% ford4.
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FIGURE 2. Normalized absorption spectra &f-6 in dilute THF
FIGURE 1. DSC curves (second run) 4f-6. solutions.

moieties to the oligothiophenes. Such quenching was consistenignergy transfer distinctly depended on the oligothiophene bridge
with a fast decay of the oligothiophene-functionalized truxene length, in other words, the distance between the two chro-
derivative (S1) states via intramolecular singlet energy transfer jyopporeds

from a photoexcitedr-conjugated oligomer to a covalently  Figyre 8 illustrates the absorption spectra2af 23, and27
bonded fullerene moiety. Such fast singlet energy transfer in gijyte THF solutions, which exhibited the same characteristic
produced the singlet excited state of the fullerene moiety, similar yaximum absorption as chromophdréat about 342 nmga

to direct photoexcitation. The emission intensitysafecreased  another absorption peaked at 413 nm &2, and at 443 nm
dramatically when the number ofsgmoieties increased from o 23 a5 well as at 394 nm @7, which red-shifted as a result

1 to 3, which also indicated that the content of the @oiety  of the increased conjugation length of branches, respectively.

also played a key role in intramolecular energy transfer from |, comparison with other thiophene derivatives with similar
the photoexcited conjugated oligomers to thg @oieties. The

comparison of the emission quenching3#, 37, 38, and 39 (18) Giacalone, F.; Segura, J. L.; Martin, N.; Guldi, D. 34Am. Chem.
(as illustrated in Figure 7) also indicated that the intramolecular Soc.2004 126 5340-5341.
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TABLE 1. Molecular Weights, Tg4, and Optical Properties of New > 1 T ——
Compounds in Dilute Solutions @ r 36
H —a—37
abs.Amax PL Amax Ty £ o038 ——138
compd. Mw nm in soln. nm in soln. (0°C) £ ——39
1 1093 341 365, 383 32 g 0.6 b
2 1340 383 406, 431 53 & L
3 1586 411 448, 478 77 804l
4 1832 424 475,512 78 k-] N
5 1266 347,363 370, 388 54 E F
6 1687 398, 420 419, 445 175 - 02p
22 2185 342,354,413 455, 488 5 L
23 2211 342,354, 443 477,510 R e EEE— -
27 2209 342, 354, 394 443, 470 300 350 400 450 500 550 600
30 1868 343, 706 420 Wavelength {(nm)
31 2116 386, 705 414, 438
32 2041 350, 432, 707 437 FIGURE 5. Comparison of the absorption spectra3éf 37, 38, and
33 2645 346,706 418 29,
34 2891 390, 705 436
35 2819 358, 432, 707 425 3 T — p—
36 3421 353, 706 383 5 —s35
38 3913 418, 705 508 S —e—40
39 4160 435, 705 515 B .
37 3667 395, 705 433 g
40 3595 360, 432, 707 422 E E
41 4015 411, 435, 707 456 =] ]
42 5287 341, 355, 433 460 = E
43 5313 341, 355, 433 483 2
44 5311 341, 355, 433 446 LE' ]
w

T T T T 400 500 600 700 800 900

2 1r —e—Tr Wavelength (nm)
g - ——1
208 Ig FIGURE 6. Comparison of the emission spectra3® 35, and40in
ﬁ . 1 1,2-dichlorobenzene solution. Absorption intensities of the samples (
208 L - = 0.2) were matched at the excitation wavelength.
a I - §
50.4: ] .;.40:""""""""""'_._36
g [ ] 5 35F —u—37
] 3 1 > an F ——38
Fo02f 1 €3 ——39
E e N ] R 3
2 O R gzo' E
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Wavelength (nm) é 10 -
FIGURE 3. Normalized emission spectra df-6 in dilute THF E Sk ‘ ] 3
solutions. vl Bidaiasiilinl il
400 500 600 700 800 900
Wavelength (nm)
£ 1 i AN '
£ \ FIGURE 7. Comparison of the emission spectra3éf 37, 38, and39
E 0.8 in 1,2-dichlorobenzene solution. Absorption intensities of sampes (
5 = 0.2) were matched at the excitation.
g_ 0.6
S result of the inserting of the vinylene unit achieved the red-
204 shift (30 nm) for23; however, the poor conjugation between
§ two thiophene-functionalized truxene chromophores linked by
5 02 } ethynylene spacers blue-shifted 19 nm 23t
§ 0 S For PL spectra in THF solutiorg2, 23, and 27 exhibited
z I TR S TR I TR TR TR TR I S S SR S I S ' _ H H H
300 350 200 450 500 well-defined structured behaviors. We did not observe the same

Wavelength (nm) emission as that of (see the Supporting Information), which
indicated that the intramolecular energy transfer happened within
FIGURE 4. Comparison of the absorption spectra®f31, 34, and 22,23, and27. The maximum emission peaks red-shifted about

37. 91 nm for22, 113 nm for23, and 79 nm for27 compared to
structures, for examplET2 (404 nm)!° the absorption maxi- that_ of 1. . o

mum of 22 red-shifted about 9 nm as a result of increasing the _ Figure 9 compares the absorption and emission spectra of
effective conjugation length. In comparison wiR (413 nm), Ceo dyads42, 43, and44 in dilute dichlorobenzene solution.

a more effective conjugation length along the molecule as a All absorption spectra exhibited a characteristic peak at about
355 nm. It's interesting that the intensity of another characteristic

(19) Wong, K.-T.; Wang, C.-F.: Chou, C. H.; Su, Y. O.; Lee, G.-H.; absorption for all three compounds at around-3880 nm was
Peng, S.-MOrg. Lett.2002 4, 4439. decreased compared with those of compow22)23, and27.
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T In conclusion, we have successfully developed an effective
] approach to a series of star-shaped oligothiophene-functionalized
truxene derivatives and their corresponding [60]fullerene ad-

=Y

3

:

= 0.8

g i ] ducts. Such adducts bear one to four chromophores including

g 061 ] the truxene moiety as the core and oligothiophenes as the bridge

< 04 ] as well as the g as the end-capping groups. The direction

I ] character of our synthetic approaches efficiently offers us the

E 0.2 ] desired compounds with different bridge lengths for easy tuning

g i . of the absorption and emission behaviors and affords four kinds
1° 5 e of Cgo derivatives bearing one, two, three, and four pyrrolidi-

g [ nofullerene moieties, which provide us a way to investigate the

2 osf relationship of the structure and the properties of such materials.

F i ] The hexyl substituents efficiently reduce thestacking of all

IRl p compounds, both in solutions and in films. All compounds

s oal ] exhibit good thermal stability. The absorption and emission

3 ] spectra of the oligothiophene-functionalized truxene derivatives

E 02l are liable to be tuned by the-linkages. The investigation of

o

=

photophysical properties of newsgadducts demonstrates that
the significant photoinduced intramolecular electronic com-
munication and intermolecular charge transfer between the hosts
and N-methylfulleropyrrolidine moieties in the excited states
FIGURE 8. Normalized absorbance spectra and emission spectra of have been formed, although no such interactions happen in the
1,22, 23, and27, recorded in dilute THF solutions at room temperature. ground state. Further expenments to understand the details about
the energy transfer and to fabricate the solar cell devices are

L=}

350 400 450 500 550 600
Wavelength (nm)

123
o
=

g 1 : e 250 m still in progress in our laboratory.

£ os —*—44] 200 §

5 12 Experimental Section

2 os J150E

_§ ] ; General Procedure for Monoaldehydes to the g-Function-

< 04 7100 & alized Dyads.A mixture of Gso (150 mg, 0.23 mmol), monoalde-

E ] % hyde (0.115 mmol), and-methylglycine (82 mg, 0.92 mmol) was

T 02 150 = refluxed for 10 h in degassed anhydrous chlorobenzene under an
§ r ] e inert atmosphere. After solvent removal, the residue was purified
z 0 EEE— i cstnsast Bl over silica gel to gave a black solid.

300 400 Compound 30. The general procedure for the preparation of

Ceo-functionalized dyads from monoaldehydes was followed to give
FIGURE 9. Normalized absorbance spectra and emission spectra of 30in 55% yield.'H NMR (CDCls, 300 MHz, ppm): 6 8.34-8.36
42, 43, and44, recorded in dilute solutions at room temperature. (d, J = 8.4 Hz, 3H, Ar-H), 7.68-7.74 (d, s,J = 8.4 Hz, 6H,
Ar—H), 7.46-7.47 (m, 4H, Th-H), 7.32-7.33 (d,J = 4.8 Hz,
2H, Th—H), 7.13-7.19 (dd,J = 4.8 Hz,J = 3.6 Hz, 2H, Th-H),
All Cgp adducts also exhibited the broad, weak absorption peaki'gg ((3 Jl_H ’9%% sl'oHl_é’I'_g“ 3((:)2] (:S %f' lN_|ZC|-]|-3|; 2ng2, (:1'22;
at about 705 nm. Thg rgsults d.emonstrated that in thg groundCHz)’ 215 (m, 6H. CH), 0.86-0.92 (m, 36H, CH), 0.60-0.64
state_ thf_ere was no S|gn|f|cant_|ntram(_)lecular electronic com- (m, 30H, CH, CHs). 13C NMR (CDCl, 75 MHz, ppm): 6 155.64,
munication or charge-transfer interaction betwegpdhd the 154 05, 153.59, 152.83, 147.14, 146.71, 146.06, 145.78, 145.27,
hosts through the pyrrolidine segment. 145.10, 144.70, 144.56, 144.22, 142.93, 142.47, 141.92, 141.51,
When excited at the wavelength of maximum absorption of 140.09, 139.81, 139.55, 139.18, 137.73, 173.03, 136.64, 135.75,
these oligomers, the fluorescence of they @yads in 1,2- 135.52, 132.75, 132.37, 128.85, 128.00, 124.70, 124.20, 124.06,
dichlorobenzene solutions was strongly quenched with respect122.93, 122.31, 119.26, 118.87, 79.26, 76.95, 69.91, 63.51, 55.42,
to the emission of the oligomers. Unlike the YVis spectra, ~ 40.34, 37.12, 31.75, 29.78, 24.13, 22.74, 14.57. MALDI-TOF-

emission spectra showed interaction in the excited state for thesé¥S: Mz 1868.7 (M"). _
dyads. We observed that the intramolecular and intermolecular  Compound 31.The general procedure for the preparation of

singlet energy transfers from a photoexcited conjugated oligomer Cso-functionalized dyads from monoaldehydes was followed to give
9 ay 1P : Iug 9OMeT 1 in 50% yield.!H NMR (CDCL/CS,, 300 MHz, ppmy): 8.32—

to a Go moiety happened in the excited state for aljpC 7 o

dductg® The emission intensity of the oligomer decreased 8.34 (d,J =84 Hz, 3H, ArH), 7.64 (d, s,) = 8.4 Hz, 6H, Ar-

a - . A H), 7.31-7.33 (m, 4H, Th-H), 7.16-7.22 (m, 8H, Th-H), 7.00—

dramatically from triple- and single-bonds to double-bonds. At ;53 (dd,J = 4.8 Hz,J = 3.6 Hz, 2H, Th-H), 5.24 (s, 3H, C-H)

the same absorbance for these compounds, the quenching of 95-4.98 (d,J = 9.3 Hz, 1H, CH), 4.23-4.26 (d,J = 9.3 Hz,

the emission of42 and 43 was more obvious than that d#. 1H, CH), 2.90-2.96 (s, mN-CHs, 9H, CH,), 2.09 (m, 6H, CH),

The results also indicated that the spacers also played a key0.86-0.92 (m, 36H, CH), 0.60-0.64 (m, 30H, CH, CHy). 13C

role in intramolecular energy transfer from the photoexcited NMR (CDCI/CS,, 75 MHz, ppm): 6 155.57, 154.25, 153.60,

conjugated oligomers to thegEmoieties. 152.83, 152.79, 147.14, 146.63, 146.19, 146.14, 146.10, 146.05,

145.97, 145.79, 145.61, 145.49, 145.42, 145.32, 145.22, 145.16,

(20) Langa, F.; Gomez-Escalonilla, M. J.; Rueff, J.-M.; Duarte, T. M. 145.12, 145.09, 145.01, 144.96, 144.55, 144.49, 144.21, 143.74,

F.; Nierengarten, J.-F.; Palermo, V.; Samor, P.; Rio, Y.; Accorsi, G.; 143.42, 143.01, 142.85, 142.55, 142.44, 142.13, 142.00, 141.91,

Armaroli, N. Chem—Eur. J. 2005 11, 4405-4415. 141.85, 141.79, 141.53, 141.48, 140.05, 139.86, 139.7, 139.65,

500 600
Wavelength (nm)
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139.55, 138.76, 137.77, 137.44, 137.02, 136.52, 136.35, 135.77,35in 47% vield.'H NMR (CDCI/CS,, 300 MHz, ppm): & 8.30-
135.47, 132.15, 132.05, 128.69, 127.76, 124.58, 124.24, 123.79,8.33 (d,J = 8.4 Hz, 3H, Ar-H), 7.73-7.83 (d, sJ = 8.4 Hz, 6H,
123.47, 122.64, 118.87, 79.21, 76.88, 69.92, 68.63, 55.63, 40.40,Ar—H), 6.33 (s, 1H, Th-H), 5.51 (s, 2H, G-H), 5.00-5.04 (d,J

37.11, 31.58, 29.62, 24.05, 22.44, 14.02. MALDI-TOF-M&iz
2114.7 (M.

Compound 32.The general procedure for the preparation of
Cso-functionalized dyads from monoaldehydes was followed to give
32in 51% yield.*H NMR (CDCls, 300 MHz, ppm): é 8.33-8.36
(d, J = 8.4 Hz, 3H, ArH), 7.82-7.83 (d,J = 3.6 Hz, 3H, A
H), 7.76 (s, 3H, Ar-H), 6.34 (s, 2H, TR-H), 5.53 (s, 1H, G-H),
5.01-5.04 (d,J = 9.3 Hz, 1H, CH), 4.30-4.40 (m, 13H, OCht
CH,0, CHp), 3.02 (s, 3H,N-CHs), 2.95 (m, 6H, CH), 2.15 (m,
6H, CH,), 0.86-0.92 (m, 36H, CH)), 0.60-0.64 (m, 30H, CH,
CHs). 13C NMR (CDChk, 125 MHz, ppm): 6 156.10, 154.18,
154.05, 153.80, 153.26, 147.27, 146.74, 146.45, 146.37,
146.14, 146.04, 145.90, 145.80, 145.50, 145.38, 145.30,
145.13, 144.84, 144.61, 144.33, 143.09, 142.94, 142.59,
142.33, 142.11, 142.00, 141.89, 141.64, 140.12, 139.86,
139.07, 138.84, 138.08, 138.00, 137.89, 137.24, 136.67,

= 9.3 Hz, 2H, CH), 4.26-4.38 (m, 14H, OCHCH,0O, CH,), 3.01
(s, 6H,N-CHs), 2.90 (m, 6H, CH), 2.11 (m, 6H, CH), 0.86-0.92
(m, 36H, CH), 0.60-0.64 (m, 30H, CH, CHs). 13C NMR (CDCE,
75 MHz, ppm): 6 156.14, 153.85, 153.28, 147.33, 146.78, 146.35,
146.18, 145.95, 145.85, 145.56, 145.30, 145.19, 144.66, 144.37,
143.15, 142.97, 142.59, 142.32, 142.16, 141.92, 141.69, 140.17,
139.80, 139.09, 138.12, 137.27, 136.69, 135.83, 135.55, 131.15,
124.71, 123.97, 119.44, 97.30, 69.97, 68.96, 65.05, 64.68, 55.69,
40.63, 37.00, 31.45, 29.69, 24.01, 22.68, 22.32, 14.11, 13.93.
MALDI-TOF-MS: nvz 2819 (M").

General Procedure for Trialdehydes to the Gg-Functionalized

146.27,Dyads. A mixture of Gso (95 mg, 0.132 mmol), trialdehyde(0.022
145.24, mmol), andN-methylglycine (47.0 mg, 0.528 mmol) was refluxed
142.53,for 10 h in degassed anhydrous chlorobenzene under an inert
139.74,atmosphere. After solvent removal, the residue was purified over
135.82,silica gel to give dark brown solids.

135.51, 131.13, 130.82, 124.64, 123.91, 119.33, 118.10, 97.20, Compound 36. The general procedure for the preparation of
69.90, 68.92, 65.01, 64.83, 64.64, 64.45, 55.64, 40.61, 37.03, 31.51 Cso-functionalized dyads from trialdehydes was followed to give

29.52, 23.98, 22.29, 13.89. MALDI-TOF-MS1/z 2041.7 (M").
General Procedure for Dialdehydes to the Gg-Functionalized
Dyads. A mixture of G5 (64 mg, 0.092 mmol), dialdehyde (0.022
mmol), andN-methylglycine (32.8 mg, 0.37 mmol) was refluxed

36in 28% yield.!H NMR (CDCI/CS;, 300 MHz, ppm): 6 8.26—
8.29 (d,J = 8.4 Hz, 3H, Ar-H), 7.60-7.63 (d, sJ = 8.4 Hz, 6H,
Ar—H), 7.40-7.41 (d,J = 3.6 Hz, 3H, Th-H), 7.35-7.36 (d,J =
3.6 Hz, 3H, Th-H), 5.28 (s, 3H, G-H), 5.00-5.03 (d,J = 9.3

for 10 h in degassed anhydrous chlorobenzene under an inertHz, 3H, CH,), 4.27-4.30 (d,J = 9.3 Hz, 3H, CH), 2.89-2.98 (s,
atmosphere. After solvent removal, the residue was purified over m, 15H, N-CHs;, CH,), 2.08 (m, 6H, CH), 0.86-0.92 (m, 36H,

silica gel to gave black solids.

Compound 33.The general procedure for the preparation of
Cso-functionalized dyads from dialdehydes was followed to give
33in 45% yield.*H NMR (CDCI3/CS;, 300 MHz, ppm): 6 8.31—
8.34 (d,J = 8.4 Hz, 3H, ArH), 7.64-7.67 (d, sJ = 8.4 Hz, 6H,
Ar—H), 7.40-7.44 (m, 5H, Th-H), 7.29-7.31 (d,J = 3.6 Hz,
1H, Th—H), 7.11-7.14 (dd,J = 4.8 Hz,J = 3.6 Hz, 1H, Th-H),
5.30 (s, 2H, G-H), 5.02-5.05 (d,J = 9.3 Hz, 2H, CH), 4.28-
4.31 (d,J= 9.3 Hz, 2H, CH), 2.92-2.99 (s, m, 12HN-CHj3; CH,),
2.15 (m, 6H, CH), 0.86-0.92 (m, 36H, CH)), 0.60-0.64 (m, 30H,
CH,, CHg). 13C NMR (CDCh, 75 MHz, ppm): 6 155.66, 154.22,
154.13,
146.15,
145.46,

144.67,
142.17,
139.88,
136.57,

144.58, 144.53, 144.24,
142.07, 142.03, 141.94,
139.73, 139.67, 139.68,
135.75, 135.51, 132.56,

124.52,

CHy), 0.60-0.64 (m, 30H, CH, CHs). 13C NMR (CDCL/ICS,, 75
MHz, ppm): 6 155.74, 154.29, 153.77, 153.08, 153.01, 147.24,
146.79, 146.28, 146.21, 146.11, 145.87, 145.73, 145.56, 145.51,
145.43, 145.27, 145.18, 145.11, 144.64, 144.58, 144.30, 143.09,
143.02, 142.93, 142.64, 142.53, 142.22, 142.10, 142.00, 141.91,
141.62, 141.56, 140.14, 139.93, 139.74, 137.81, 137.08, 136.61,
135.80, 135.55, 132.29, 129.07, 124.84, 123.96, 122.22, 120.42,
118.92, 79.49, 77.21, 70.00, 68.70, 55.64, 40.38, 37.07, 31.55,
29.59, 24.05, 22.41, 13.95. MALDI-TOF-MS1/z 3420 (M').
Compound 37.The general procedure for the preparation of
Cso-functionalized dyads from trialdehydes was followed to give

153.68, 153.00, 152.93, 147.17, 146.73, 146.26, 146.22,37 in 26% yield.'H NMR (CDCIly/CS,, 300 MHz, ppm): 6 8.28—
146.09, 146.05, 146.01, 145.96, 145.81, 145.66, 145.51,8.31 (d,J = 8.4 Hz, 3H, Ar-H), 7.60-7.62 (d, sJ = 8.4 Hz, 6H,
15.36, 145.32, 145.26, 145.20, 145.12, 145.04, 144.95,Ar—H), 7.30-7.33 (d, d,J = 3.6 Hz, 6H, Th-H), 7.18-7.19 (d,
143.02, 142.87, 142.57, 142.47,J = 3.6 Hz, 3H, Th-H), 7.14-7.16 (d,J = 3.6 Hz, 3 H, Th-H),
141.85, 141.56, 141.51, 140.08,5.24 (s, 3H, CG-H), 5.00-5.01 (d,J = 9.3 Hz, 3H, CH), 4.25-
139.35, 137.81, 137.71, 137.02,4.28 (d,J = 9.3 Hz, 3H, CH), 2.90-2.96 (s, m,N-CHs;, 15H,
132.23, 128.98, 127.93, 124.77,CH,), 2.09 (m, 6H, CH), 0.86-0.92 (m, 36H, CH), 0.60-0.64
124.11, 123.93, 122.83, 122.18, 119.22, 118.86, 79.40,(m, 30H, CH, CHs). 33C NMR (CDCk, 75 MHz, ppm): 6 155.57,

77.00, 69.94, 68.61, 55.55, 40.34, 37.04, 31.53, 29.77, 23.99, 22.41,154.18, 153.58, 152.83, 152.72, 147.14, 146.62, 146.19, 146.13,

14.18. MALDI-TOF-MS: m/z 2645.2 (M").
Compound 34.The general procedure for the preparation of
Cso-functionalized dyads from dialdehydes was followed to give
34in 40% yield.'H NMR (CDCIy/CS,, 300 MHz, ppm): 6 8.29—
8.32 (d,J = 8.4 Hz, 3H, ArH), 7.54-7.63 (d, sJ = 8.4 Hz, 6H,
Ar—H), 7.31-7.34 (m, 4H, Th-H), 7.19-7.24 (m, 8H, Th-H),
7.01-7.03 (dd,J = 4.8 Hz,J = 3.6 Hz, 1H, Th-H), 5.24 (s, 3H,
C—H), 4.97-5.00 (d,J = 9.3 Hz, 2H, CH), 4.24-4.28 (d,J =
9.3 Hz, 2H, CH)), 2.90-2.96 (s, m, 12HN-CHjs, CHy), 2.09 (m,
6H, CH,), 0.86-0.92 (m, 36H, CH), 0.60-0.64 (m, 30H, CH,
CHa). 13C NMR (CDCK/CS;, 75 MHz, ppm): ¢ 155.63, 154.26,
153.65, 152.89, 152.81, 147.20, 146.67, 146.24, 146.19,

146.06, 145.97,
145.23, 145.09,
142.84, 142.55,

145.93,
145.01,
142.44,

145.78,
144.93,
142.12,

145.61, 145.49, 145.42, 145.30,
144,55, 144.20, 143.72, 143.00,
142.00, 141.91, 141.84, 141.78,
141.52, 140.05, 139.86, 139.69, 139.61, 139.54, 138.76, 137.71,
137.00, 136.51, 136.35, 135.43, 132.10, 128.62, 124.74, 123.80,
123.57, 122.64, 118.91, 79.22, 76.88, 69, 88, 68.54, 55.51, 40.26,
37.03, 31.52, 29.55, 23.99, 22.43, 13.94. MALDI-TOF-M®&z
3667 (M").

Compound 38.The general procedure for the preparation of
Cso-functionalized dyads from trialdehydes was followed to give
38in 30% yield.'H NMR (CS/CDCls, 300 MHz, ppm): 6 8.26—

146.12,8.29 (d,J = 8.4 Hz, 3H, Ar-H), 7.57-7.58 (s, dJ = 8.4 Hz, 6H,

145.97,
145.06,
142.49,
139.90,
136.37,
124.60,

145.83,
144.59,
142.17,
139.74,
135.77,

124.27, 123.82, 123.61, 123.52, 122.67, 118.95, 79.28,152.73,
77.00, 69.92, 68.60, 55.58, 40.31, 37.06, 31.53, 29.78, 23.99, 22.41145.13,

145.66,
144.55,
142.04,
139.65,
135.49,

145.54,
144.25,
141.96,
138.81,
132.22,

145.46,
143.79,
141.89,
137.77,
132.11,

13.94. MALDI-TOF-MS: miz 2891 (M¥).

Compound 35.The general procedure for the preparation of 138.38,
Cso-functionalized dyads from dialdehydes was followed to give 128.89,

145.36,
143.47,
141.83,
137.49,
128.70,

145.27,
143.05,
141.56,
137.04,
127.77,

145.13,Ar—H), 7.06-7.29 (m, 18H, Th-H), 5.21 (s, 3H, C-H), 4.94-
142.60,4.97 (d,J = 9.3 Hz, 3H, CH), 4.22-4.25 (d,J = 9.3 Hz, 3H,
140.10,CHy), 2.93-2.95 (m, CH, 15H,N-CHj), 2.15 (m, 6H, CH), 0.86—
136.54,0.92 (m, 36H, CH), 0.60-0.64 (m, 30H, CH, CHj). 13C NMR

124.81,(CS/CDCl;, 75 MHz, ppm): 6 155.60, 154.27, 153.62, 152.84,

145.82, 145.64, 145.53, 145.35,
143.04, 142.88, 142.60, 142.48,
141.56, 140.09, 139.89, 139.73,
136.02, 135.76, 135.46, 132.09,
124.84, 124.67, 124.49, 124.12,

147.19,
144.58,
142.03,
137.78,
128.69,

146.64,
144.25,
141.95,
137.04,
128.19,

146.09,
143.74,
141.81,
136.50,
125.21,

142.15,
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123.66, 122.800, 118.91, 115.62, 79.25, 77.00, 69.90, 68.58, 55.582.19 (m, 12H, CH), 0.90 (m, 72H, Ch), 0.49-0.63 (m, 60H, CH,
40.29, 37.07, 32.02, 30.17, 24.02, 22.85, 13.94. MALDI-TOF- CHj). 13C NMR (CS/CDCl;, 75 MHz, ppm): ¢ 155.59, 154.17,
MS: m/z 3913 (M"). 153.62, 152.93, 152.86, 147.12, 146.68, 146.18, 146.10, 146.03,
Compound 39. The general procedure for the preparation of 146.01, 145.96, 145.91, 145.76, 145.62, 145.47, 145.47, 145.42,
Cso-functionalized dyads from trialdehydes was followed to give 145.31, 145.28, 145.22, 145.16, 145.07, 144.99, 144.54, 144.48,
39in 30% yield.!H NMR (CS,/CDCls;, 300 MHz, ppm): 6 8.28— 144.19, 143.35, 142.98, 142.83, 142.53, 142.43, 142.11, 141.98,
8.32 (d,J = 8.4 Hz, 3H, Ar-H), 7.59-7.61 (s, dJ = 8.4 Hz, 6H, 141.89, 141.79, 141.52, 141.46, 140.03, 139.84, 139.70, 139.58,
Ar—H), 7.04-7.29 (m, 24H, Th-H), 5.22 (s, 3H, CG-H), 4.96- 137.69, 136.99, 136.52, 135.72, 135.47, 132.19, 130.56, 128.96,
4.99 (d,J = 9.3 Hz, 3H, CH), 4.23-4.26 (d,J = 9.3 Hz, 3H, 128.85, 128.58, 128.48, 128.07, 127.31, 126.27, 126.21, 125.16,
CHy), 2.93-2.95 (m, 15H, CH, N-CHj3), 2.11-2.15 (m, 6H, CH)), 124.78, 123.90, 122.17, 79.32, 76.88, 69.88, 68.54, 37.74, 55.51,
0.86-0.92 (m, 36H, CH), 0.60-0.64 (m, 30H, CH, CHj). 1°C 40.37, 37.37, 37.09, 31.98, 30.11, 24.01, 22.84, 14.22, 14.01.
NMR (CS/CDCls, 75 MHz, ppm): 6 155.58, 154.26, 153.60, MALDI-TOF-MS: m/z 5287 (M").
152.81, 147.19, 146.62, 146.09, 145.82, 145.63, 145.33, 145.17, Compound 43.The general procedure for the preparation of
145.13, 144.58, 144.23, 143.76, 143.03, 142.87, 142.47, 142.02,Cqe-functionalized dyads from tetraaldehydes was followed to give
141.94, 141.82, 141.52, 140.08, 139.95, 139.72, 138.27, 137.80,43in 30% yield.'H NMR (CDCIy/CS;, 300 MHz, ppm): 6 8.27—
137.03, 136.50, 136.21, 135.74, 135.45, 132.11, 129.36, 128.68,8.28 (d,J = 8.4 Hz, 6H, Ar-H), 7.63-7.64 (d, s, 12H, ArH),
124.67, 124.39, 124.25, 123.66, 122.86, 118.95, 79.23, 77.00, 69.907.40-7.41 (d,J = 3.6 Hz, 4H, Th-H), 7.35-7.37 (d,J = 3.6 Hz,
55.58, 40.27, 37.14, 32.00, 30.14, 24.02, 23.33, 13.94. MALDI- 4H, Th—H), 7.30-7.32 (d,J = 3.6 Hz, 2H, Th-H), 7.05-7.08
TOF-MS: n/z 4160 (M"). (d, s,J= 3.6 Hz, 4H, Th-H, double bond-H), 5.28 (s, 4H,€H),
Compound 40. The general procedure for the preparation of 5.00-5.04 (d,J = 9.3 Hz, 4H, CH), 4.27-4.31 (d,J = 9.3 Hz,
Cso-functionalized dyads from trialdehydes was followed to give 4H, CH, ), 2.95-2.98 (s, m, 24H, Ch N-CHjg), 2.15-2.19 (m,
40in 22% yield.'H NMR (CDCI/CS;, 300 MHz, ppm): d 8.16— 24H, CH,), 0.90 (m, 72H, CH), 0.49-0.63 (m, 60H, CH, CHg).
8.18 (d,J = 8.4 Hz, 3H, Ar-H), 7.61-7.671 (d, sJ = 8.4 Hz, 13C NMR (CS/CDCl;, 75 MHz, ppm): 6 155.67, 154.21, 135.68,
6H, Ar—H), 5.45 (s, 3H, G-H), 4.92-4.96 (d,J = 9.3 Hz, 3H, 153.00, 152.92, 147.17, 146.73, 146.25, 146.14, 146.09, 146.05,
CHy), 4.13-4.31 (d, d,J = 9.3 Hz, 15H, OCHCH,0, CH,), 2.96 146.00, 145.96, 145.81, 145.66, 145.52, 145.46, 145.36, 145.20,
(s, 9H,N-CHj), 2.81 (m, 6H, CH), 2.04 (m, 6H, CH), 0.81-0.98 145.12, 145.04, 144.98, 144.58, 144.24, 143.47, 143.03, 142.88,
(m, 36H, CH), 0.47-0.58 (m, 30H, CH, CHy). 13C NMR (CDCk/ 142.58, 142.48, 142.16, 142.03, 141.94, 141.86, 141.56, 141.51,
CS, 75 MHz, ppm): 6 155.97, 153.85, 153.66, 153.07, 147.15, 140.09, 139.88, 139.73, 139.64, 137.74, 137.02, 136.56, 135.74,
146.62, 146.31, 146.23, 146.20, 146.12, 146.02, 145.97, 145.92,135.50, 132.29, 128.97, 128.17, 127.37, 124.78, 123.95, 123.54,
145.79, 145.69, 145.44, 145.31, 145.25, 145.14, 14511, 145.02,122.21, 121.35, 118.91, 79.42, 77.21, 69.95, 68.61, 55.56, 40.33,
144.72, 144.55, 144.50, 144.23, 142.98, 142.83, 142.52, 142.48,37.44, 31.56, 29.80, 24.03, 22.45, 13.98. MALDI-TOF-M&iz
142.45, 142.18, 142.06, 142.00, 141.91, 141.83, 141.52, 140.05,5313 (M").
140.01, 139.77, 139.64, 138.71, 137.79, 137,39, 137.12, 136.62, Compound 44.The general procedure for the preparation of
135.66, 135.34, 130.91, 124.46, 124.02, 119.37, 118.37, 118.99,Cq-functionalized dyads from tetraaldehydes was followed to give
111.75, 69.81, 68.76, 64.88, 64.53, 55.46, 40.45, 37.01, 31.59,44in 35% yield.'H NMR (CDCIy/CS;, 300 MHz, ppm): 6 8.31—
29.79, 24.02, 22.48, 14.01. MALDI-TOF-MSwz 3595 (M"). 8.33 (d,J = 8.4 Hz, 6H, Ar-H), 7.64-7.65 (d, s, 12H, ArH),
Compound 41. The general procedure for the preparation of 7.40-7.43 (d,J = 3.6 Hz, 4H, Th-H), 7.35-7.36 (d,J = 3.6 Hz,
Cso-functionalized dyads from trialdehydes was followed to give 4H, Th—H), 7.35-7.37 (d,J = 3.6 Hz, 2H, Th-H), 7.31-7.31
41in 24% yield.'H NMR (CDCI/CS;, 300 MHz, ppm): 6 8.16— (d, J = 3.6 Hz, 2H, Th-H), 5.28 (s, 4H, CG-H), 5.00-5.04 (d,J

8.18 (d,J = 8.4 Hz, 3H, Ar-H), 7.59-7.66 (d, sJ=8.4 Hz, 6H, = 9.3 Hz, 4H, CH), 4.27-4.31 (d,J = 9.3 Hz, 4H, CH), 2.95-
Ar—H), 5.42 (s, 3H, G-H), 4.92-4.96 (d,J = 9.3 Hz, 3H, CH), 2.98 (s, m, 24H, Ch N-CHa), 2.15-2.19 (m, 12H, CH), 0.90
4.14-4.40 (M, 27H, OCKHCH,0, CHy), 2.93 (s, 9HN-CHy), 2.82 (m, 72H, CH), 0.49-0.63 (m, 60H, CH, CH). 3C NMR (CS/
(m, 6H, CH), 2.03 (m, 6H, CH), 0.81-0.98 (m, 36H, CH), 0.47— CDCl,, 75 MHz, ppm): 6 155.6, 154.3, 154.2, 153.7, 153.0, 152.9,

0.58 (m, 30H, CH, CHg). 13C NMR (CDCk, 75 MHz, ppm): 6 147.2,146.7, 146.6, 146.24, 146.21, 146.14, 146.08, 146.05, 146.00,
156.02, 154.68, 153.83, 153.65, 153.11, 147.16, 146.62, 146.25,145.95, 145.80, 145.74, 145.65, 145.51, 145.45, 145.35, 145.31,
146.11, 146.04, 145.92, 145.80, 145.67, 145.44, 145.31, 145.15,145.25, 145.20, 145.14, 145.11, 145.03, 145.00, 144.58, 144.52,
144,50, 144.25, 142.97, 142.83, 142.48, 142.02, 141.52, 140.05,144.23, 143.02, 142.87, 142.57, 142.47, 142.16, 142.06, 142.03,
139.80, 139.65, 138.45, 137.85, 137.66, 137.50, 137.13, 136.64,142.00, 141.93, 141.84, 141.55, 141.50, 140.08, 139.88, 139.72,
136.12, 135.66, 135.28, 131.10, 128.63, 124.45, 123.99, 119.07,139.57, 137.78, 137.75, 137.63, 137.03, 136.57, 135.76, 133.1,
116.20, 108.10, 77.21, 69.96, 68.74, 65.13, 64.72, 55.46, 41.42,132.3,131.8, 128.9, 124.8, 123.9, 122.9, 122.2,121.9, 119.1, 118.8,
40.55, 37.12, 32.83, 30.12, 23.99, 22.45, 13.97. MALDI-TOF- 88.0, 79.4, 76.9, 69.9, 68.6, 55.6, 40.3, 37.0, 31.5, 29.6, 24.0, 22.4,

MS: miz 4015 (M). 13.9. MALDI-TOF-MS: m/z 5311 (M").
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