3420 Chem. Mater. 1999, 11, 3420—3422

Dendrimer-Supported Oligothiophene
Synthesis: Aliphatic Ether Dendrimers in
the Preparation of Oligothiophenes with
Minimal Substitution

Patrick R. L. Malenfant,
Manikandan Jayaraman, and Jean M. J. Fréchet*

Department of Chemistry, University of California,
Berkeley, California 94720-1460

Received August 24, 1999
Revised Manuscript Received October 21, 1999

The field of dendrimers has expanded greatly in
recent years due in part to their legitimate promise of
being used for a variety of applications.>2 Similarly, the
field of conjugated oligomers® and conducting polymers*
has shown renewed promise with advances such as the
fabrication of organic field effect transistors® and organic
light emitting diodes.® Much attention has been devoted
to oligothiophenes and the pursuit of well-defined,
lengthy “molecular wires”.37 Due to the rigid nature of
the conjugated backbone, oligo- and polythiophenes
must be functionalized with pendant groups, typically
linear alkyl chains, to preserve their solubilities.”8
Although, regioregular poly(3-alkyl)thiophenes are both
soluble in common organic solvents and highly conduct-
ing, such functionalization leads to undesired steric
interactions that increase the band gap of the polymer,
thus affecting their performance.
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cchem.berkeley.edu.
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Dendrimers are well-defined, highly branched struc-
tures that can serve as solubilizers for oligothiophenes
and polythiophenes. We have recently demonstrated the
successful use of poly(benzyl ether)® dendrimers as
efficient solubilizers for lengthy oligothiophenes.”d Un-
fortunately, this approach required that synthetic in-
termediates be solubilized with alkyl chains prior to the
attachment of the dendrimer. Furthermore, the electron-
rich nature of the poly(benzyl ether) dendrimers pre-
cludes the use of NBS to activate the oligomer for
further coupling. Our main objective in this study was
to explore the use of a solubilizing platform for the
preparation of lengthy oligothiophenes having no other
substituents (i.e., no alkyl chains). For this purpose, we
chose the aliphatic ether dendrimers recently developed
in our laboratory.’® The dendrimer affords a pure,
monodisperse product that is more easily characterized
than a polydisperse polymer while still providing excel-
lent solubility. More importantly, the aliphatic ether
dendrimer framework, which is analogous to poly-
(ethylene glycol) (PEG), is chemically inert toward the
reaction conditions used to extend the oligomers.

Herein, we present the synthesis of oligothiophenes
tethered to the focal point of a single aliphatic ether
dendrimer via an iterative protocol of NBS bromination
and Stille coupling reactions. To our knowledge, this is
the first example in which a dendrimer is used as a
solubilizing platform for the preparation of a normally
intractable material.

Scheme 1 depicts the dendrimer-supported synthesis
of sexithiophene. Attachment of bithiophene to the focal
point of a third-generation [G3] dendrimer was done by
reaction of the G3 alcohol with 2,2'-bithiophene-5-
carbonyl chloride in the presence of pyridine in CH,Cl»
(). The reaction of 1 with 1 equiv of NBS in DMF at
room temperature provides the dimer bromide (2).
Extension to the tetramer was done in DMF using
5-(trimethylstannyl)-2,2'-bithiophene” and Pd(PPhs),-
Cl; as the catalyst (3). As early as the tetramer stage,
unsubstituted oligothiophenes become sparingly soluble;
however, the presence of the dendrimer, renders 3
highly soluble, thus allowing both its purification by
flash chromatography and its further growth. One more
iteration of activation and coupling leads to the den-
drimer-supported tetramer bromide (4) and sexithiophene
(5), respectively. A further extension leads to the cor-
responding octamer, but its sensitivity to oxidation
precluded its isolation as it decomposed during chro-
matography. Nevertheless, all of the materials prepared
were found to be highly soluble in common organic
solvents such as THF, DMF, CH,Cl,, and CHCI; and
could be fully characterized by 'H NMR and 13C NMR.
Critical to the success of this approach is the highly
stable aliphatic dendrimer framework that allows for
the NBS bromination to be selective toward the terminal
a-position of the oligothiophene as determined by 'H
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NMR and MALDI-TOF spectrometry. In contrast, the
electron rich nature of the poly(benzyl ether) dendrim-
ers® precludes their use as a solubilizing platform during
the activation steps since NBS is an excellent source of
BrT, that can easily brominate the phenolic rings of the
poly(benzyl ether) dendrimers.

To accelerate the growth of the oligomers we explored
grafting at the p-position of the thiophene ring as
depicted in Scheme 2. The g-grafted oligothiophenes
were prepared by first attaching 2,5-dibromo-3-thiophe-
neacetic acid!! to the focal point of a G2 dendrimer using
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Table 1. Spectroscopic Data for Various Oligomers(Data
for ENTRIES 2, 4, and 6 Taken from Ref 7a)

melting
entry sample Amax (NmM) transition (°C)
12 1 336 (5)° <25
2b BnT'2 331 47
3a 3 412 (21) <25
4b BnT'4 391 55
5a 5 446 (32) <25
6P BnT'6 414 66
72 7 400 <25
82 9 450 (12) 142
9a BnT'9 438 69

a CHClIs. P CH,Cly. ¢ Values in parentheses represent the dif-
ference in nanometers between the dendrimer-supported oligomers
and the benzyl ester, regioregular analogues.

standard EDC/DMAP conditions (6). The first coupling
step between 6 and 5-(trimethylstannyl)-2,2'-bithiophene
was done in DMF using Pd(PPhs).Cl, as the catalyst
thus providing the bound pentamer (7). The pentamer
dibromide was prepared by reaction of 7 with 2 equiv
of NBS in DMF (8). A subsequent Stille coupling
reaction between 5-(trimethylstannyl)-2,2'-bithiophene
and 8 led to the nonamer 9. All of the oligomers were
soluble in common organic solvents and purified by flash
chromatography. Surprisingly, 9 could be purified by
chromatography while the a-grafted octamer could not.
Clearly, the placement of the dendrimer at the -posi-
tion makes 9 less oxidatively sensitive than the a-graft-
ed octamer.

From the UV—vis data presented in Table 1, one can
infer that the dendrimer-supported oligomers have a
more extended conjugation when compared to similar

(11) See Supporting Information for synthetic details.

(12) Unpublished results.
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Figure 1.

oligomers having alkyl chain substituents. Recently,
Bauerle and co-workers reported an elegant synthesis
of a series of regioregular oligothiophenes having an
a-benzyl ester functionality and dodecyl chain solubi-
lizers thus enabling an accurate comparison of the effect
of substitution on Amax (see Figure 1). For example 1, 3,
and 5 have Amax values that are red shifted by 5, 21,
and 32 nm respectively when compared to the equiva-
lent regioregular oligomers in solution (see Table 1).
Furthermore, the Amax 0f 9 is red shifted by 12 nm when
compared to an analogue having a benzyl ester func-
tionality and four octyl chains along the oligomeric
backbone (see Figure 1). Thus, it is clear from the
spectroscopic data that minimizing substitution on the
oligomers leads to materials with a more extended
conjugation even when bulky solubilizers such as G2
and G3 dendrimers are used.

As can be seen in Table 1, the thermal properties of
the dendrimer-supported oligomers differ greatly from
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analogues having a regioregular array of linear alkyl
chains as solubilizers. The G2 and G3 dendrimers
having an alcohol functionality at the focal point are
viscous, colorless oils having glass transition tempera-
tures of —39 and —34 °C, respectively. Similarly, the
various oligomers 1 through 5 were all isolated as
viscous oils. In the g-grafted series, 7 was also isolated
as a viscous oil, while 9 was isolated as a red solid
having a melting point of 142 °C, indicating that at a
certain oligomer length the thiophene moiety dominates
the material properties.

In summary, we have shown that aliphatic ether
dendrimers may be successfully used as solubilizing
scaffolds for the preparation of well-defined oligoth-
iophenes having a minimum number of points of sub-
stitution. Their synthesis was facilitated by the en-
hanced solubility provided by the dendritic framework
that enables the use of unsubstituted building blocks.
The dendrimer-bound oligothiophenes obtained were
found to have drastically altered thermal properties as
well as a more extended conjugation when compared to
similar oligomers with more conventional linear alkyl
chain solubilizers. We are currently exploring the use
of the g-grafted oligomers as macromonomers in the
synthesis of novel polythiophenes having only dendritic
substituents. We anticipate that polythiophenes with
minimal S-substitution should have a more planar
backbone thus extending the conjugation and perhaps
leading to higher conductivities.
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