JACS

OURNAL OF THE AMERICAN CHEMICAL SOCIETY
Subscriber access provided by ISTANBUL TEKNIK UNIV

Communication

Radially Diblock Nanotube: Site-Selective Functionalization
of a Tubularly Assembled Hexabenzocoronene

Justin L. Mynar, Takuya Yamamoto, Atsuko Kosaka, Takanori Fukushima, Noriyuki Ishii, and Takuzo Aida
J. Am. Chem. Soc., 2008, 130 (5), 1530-1531 « DOI: 10.1021/ja075822b
Downloaded from http://pubs.acs.org on February 8, 2009

/a First
. "Click"

e
N N 1

T Self-Assembly

~ R [+ Lo}

A

Radially Diblock Nanotube

1: R =(OCH,CH,) Ny

More About This Article

Additional resources and features associated with this article are available within the HTML version:

. Supporting Information

. Access to high resolution figures

Links to articles and content related to this article

Copyright permission to reproduce figures and/or text from this article

View the Full Text HTML

ACS Publications
Journal of the American Chemical Society is published by the American Chemical

High quality. High impact.
Society. 1155 Sixteenth Street N.W., Washington, DC 20036


http://pubs.acs.org/doi/full/10.1021/ja075822b

JIAIC[S

COMMUNICATIONS

Published on Web 01/11/2008

Radially Diblock Nanotube: Site-Selective Functionalization of a Tubularly
Assembled Hexabenzocoronene

Justin L. Mynar,t Takuya Yamamoto, Atsuko Kosaka," Takanori Fukushima,* "+ Noriyuki Ishii,§ and
Takuzo Aida*™#

ERATG-SORST Nanospace Project, Japan Science and Technology Agency (JST), National Museum of Emerging
Science and Innation, 2-41 Aomi, Koto-ku, Tokyo 135-0064, Japan, Department of Chemistry and Biotechnology,
School of Engineering, and Center for NanoBio Integration, Thevkhsity of Tokyo, 7-3-1 Hongo, Bunkyo-ku,
Tokyo 113-8656, Japan, and Biological Information Research Center, National Institutevah@etl Industrial
Science and Technology (AIST), Tsukuba Central-6, 1-1-1 Higashi, Tsukuba, Ibaraki 305-8566, Japan

Received August 3, 2007; E-mail: fukushima@nanospace.miraikan.jst.go.jp; aida@macro.t.u-tokyo.ac.jp

Nanoscale tubular objects with functional surface groups have a (a)
variety of potential applications3 If the interior and exterior
functionalities are individually designed, the expediency of the
nanotubes could be greatly enhanced. However, such radially
diblock nanotubes are very rat&ecently, we have reported that
Gemini-shaped amphiphilic hexeeri-hexabenzocoronenes (HBCs)

Dodecyl cmn{ '\"-.\
HBC (:ora-I: ‘ o
TEG Chain{ f/ : "
bearing triethylene glycol (TEG) chains self-assemble into graphitic ' '

nanotubes, which consist of helically rolled bilayer tapes composed fjg,re 1. Schematic structures of (a) Gemini-shaped amphiphilic HBC,
of bilaterally coupled columns of-stacked HBC units (Figure ). (b) self-assembled bilayer tape, and (c) graphitic nanotube.

By self-assembly of HBCs with certain functionalities attached to

the TEG termini, surface-functionalized graphitic nanotubes with Chart 1. Schematic Structures of Dendrons (G2-OH, G2-alkyne)
applications including electronics, optoelectronics, and chirotech- and Hexabenzocoronenes (1-3), and lllustration of Two-Stage
nology have been fabricatéd.However, in principle, this design Site-Selective Functionalization of Tubularly Assembled 1 to Form
strategy never gives radially diblock nanotubes with different a Radially Diblock Nanotube

interior and exterior functionalities. Here we report the successful

formation of such a new type of graphitic nanotube by site-selective ol ol 0

post modification of a nanotubular precursor bearing reactive surface o e 9 g

groups. Assuming that the interior reactive groups of the nanotube y N N " N

have a lower accessibility than the exterior ones, we expected that *o° ) / )

large molecules such as dendrons should graft on selectively to o a g9 e e o

the exterior surfacé. G2-OH o o o o o o
We have chosen to use the{32] cycloaddition of azides and d S d 5 o o

alkynes as a means of chemically modifying the graphitic nanotubes.

This reaction has been touted as a high-yielding reaction that not . e ° g

only is insensitive to oxygen and water but also is tolerant to many

functional group$.Most importantly for self-assembled materi#ls, o

the reaction can proceed under mild conditions, allowing for the o HuCa  CuMs  HiCa  CuMes HuCs  Cuats

functionalization of the nanotubes without destroying their structural ° 1 2 3

integrity. Thus, a second generation éfret-type dendron with an
alkyne focal core (G2-alkyne) was synthesized by carbodiimide
coupling of G2-OH with pentynoic acid (Chart 1) Meanwhile,
the HBC amphiphile was modified by reacting its tosylated TEG-
appended precursor with Naho yield diazido-HBC {, Chart 1)!*
When a hexane vapor was allowed to diffuse at@5nto a THF increase in diametét.Since the dendron is roughly 2 nm in size,
solution of 1, a yellow precipitate formed. Scanning electron this observation indicates that the exterior surface of the nanotube
microscopy (SEM) and transmission electron microscopy (TEM) has been fully modified. Meanwhile, attempted self-assembly of a
of an air-dried sample showed the presence of bundled nanotubegiendronized-HBC3), synthesized front and G2-alkyné resulted
(Figure 2a), which were roughly 18 nm in diameter, as confirmed in the formation of an irregular aggregate.
by atomic force microscopy (AFM}: MALDI-TOF mass spectrometry of the reaction mixture showed
Click chemistry was performed at 2% by adding CuS@ the presence of single- and double-click produgtsand 3,
sodium ascorbate to a THF/MeOH/hexane suspension of a mixturefeéspectively, along with unreacted* We hypothesized that the
of G2-alkyne and tubularly assembléd[G2-alkyne]/[l] = 2)1! steric bulk of the G2 dendron would prevent dendronization of the
After 10 h without stirring, visualization by SEM and TEM HBC molecules located on the inner layer of the graphitic bilayer
microscopy confirmed that the tubular objects have survived under Wall. To determine the amount of the dendron grafted on, we
the mild click conditions (Figure 28} Noteworthy, images utilized analytical size exclusion chromatography (SEC) monitored

provided by AFM of the dendronized nanotubes shdwae4 nm by absorption of the HBC moiety at 360 nm. In conformity with
the result of MALDI-TOF mass spectrometry, the SEC trace of
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the reaction mixture in, for examplé h (Figure 3a) indicated the
presence of unreactddand double-click3 as major fractions with

10.1021/ja075822b CCC: $40.75 © 2008 American Chemical Society
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Figure 2. SEM and TEM (inset) micrographs of air-dried suspensions of self-assembled nanotubes (a) formed by vapor diffusion of hexane into a THF

solution of1, (b) after the first-click reaction with G2-alkyne, (c) after the second-click reaction with 5-hexynenitrile, and (d) after the second-dlack react
with 5-hexyn-1-ol.

(a) () % we o e and second fractions were found to cont8iand5 (Figure 3b),
; D) { { respectively, with a mole rati@/5 of 1.312 On the other hand,
roond Mo diazido-HBC1 and cross-double-click produét(Figure 3b) were
N N M H
2h ¢ 4 ¢ hardly detected.
=] o o [} . . .
K { ), § In conclusion, we have developed an innovative method for the
{’ % ¢ 9 preparation of radially diblock graphitic nanotubes, whose func-
oh ‘fﬁ_ A ":J < tionalities on the interior and exterior surfaces differ from one
e e g another. The dendritic grafts on the exterior surface will make it
3_3—323 ﬂf‘*@:ﬁj possible to accommodate a greater number of functional groups.
{:n_ _};\—g The basic rationale of this concept, in principle, is not only limited
8h S e R to the graphitic nanotubes but also can be elaborated into a general
method for site-selective and shape-persistent functionalization of
| 3 potentially labile self-assembled nano-objects.
] i 5
10h PV ) |M‘\.._._Jl'\x,_u'\.,-'h__ Supporting Information Available: Details of synthesis, charac-
10 12 14 18 18 20 0 S0 {00 10 200 terization, experimental procedures for self-assemblit ahd click
Retention Time (min) Retention Time (min) reactions, AFM and SEM micrographs, MALDI-TOF mass and

Figure 3. (a) Analytical SEC traces (CHEI360 nm) of the reaction electronic absorption spectra. This material is available free of charge
mixtures in 2, 6, 8, and 10 h after starting the click reaction of tubularly Via the Internet at http://pubs.acs.org.

assembled with G2-alkyne. The traces were normalized with respect to
the total peak area. Asterisk indicates dimeric byprodtiis) A recycling
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