
Registered Charity Number 207890

Accepted Manuscript

This is an Accepted Manuscript, which has been through the RSC Publishing peer 
review process and has been accepted for publication.

Accepted Manuscripts are published online shortly after acceptance, which is prior 
to technical editing, formatting and proof reading. This free service from RSC 
Publishing allows authors to make their results available to the community, in 
citable form, before publication of the edited article. This Accepted Manuscript will 
be replaced by the edited and formatted Advance Article as soon as this is available.

To cite this manuscript please use its permanent Digital Object Identifier (DOI®), 
which is identical for all formats of publication.

More information about Accepted Manuscripts can be found in the 
Information for Authors.

Please note that technical editing may introduce minor changes to the text and/or 
graphics contained in the manuscript submitted by the author(s) which may alter 
content, and that the standard Terms & Conditions and the ethical guidelines 
that apply to the journal are still applicable. In no event shall the RSC be held 
responsible for any errors or omissions in these Accepted Manuscript manuscripts or 
any consequences arising from the use of any information contained in them.

ChemComm

www.rsc.org/chemcomm

ISSN 1359-7345

Chemical Communications

www.rsc.org/chemcomm Volume 46 | Number 32 | 28 August 2010 | Pages 5813–5976

1359-7345(2010)46:32;1-H

Volum
e 46 | N

um
ber 32 | 2010 

C
hem

C
om

m
     

 
Pages 5813–5976

COMMUNICATION
J. Fraser Stoddart et al.
Directed self-assembly of a 
ring-in-ring complex

FEATURE  ARTICLE
Wenbin Lin et al.
Hybrid nanomaterials for biomedical 
applications

www.rsc.org/journals
Registered Charity Number 207890

Free institutional access, managed by IP address, is available on all these titles. 
For more details, and to register, visit www.rsc.org/free_access_registration

New for 2010

Chemical Science - a new journal presenting findings of exceptional significance from across the chemical 
sciences. www.rsc.org/chemicalscience

MedChemComm - focusing on medicinal chemistry research, including new studies related to 
biologically-active chemical or biochemical entities that can act as pharmacological agents with therapeutic 
potential or relevance. www.rsc.org/medchemcomm

Polymer Chemistry - publishing advances in polymer chemistry covering all aspects of synthetic and 
biological macromolecules, and related emerging areas. www.rsc.org/polymers

New for 2009 

Analytical Methods - highlights new and improved methods for the practical application of analytical 
science. This monthly journal will communicate research in the advancement of analytical techniques for use 
by the wider scientific community. www.rsc.org/methods

Integrative Biology - focusing on quantitative multi-scale biology using enabling technologies and tools to 
exploit the convergence of biology with physics, chemistry, engineering, imaging and informatics. 
www.rsc.org/ibiology

Metallomics - covering the research fields related to metals in biological, environmental and clinical systems. 
www.rsc.org/metallomics

Nanoscale - publishing experimental and theoretical work across the breadth of nanoscience and 
nanotechnology. www.rsc.org/nanoscale

Top science …free institutional access

ISSN 2041-6520

www.rsc.org/chemicalscience Volume 1  |  Number 1  |  2010

Chemical Science

D
ow

nl
oa

de
d 

by
 U

ni
ve

rs
ity

 o
f 

M
em

ph
is

 o
n 

13
 J

un
e 

20
12

Pu
bl

is
he

d 
on

 1
3 

Ju
ne

 2
01

2 
on

 h
ttp

://
pu

bs
.r

sc
.o

rg
 | 

do
i:1

0.
10

39
/C

2C
C

33
64

5F
View Online / Journal Homepage

http://www.rsc.org/Publishing/Journals/guidelines/AuthorGuidelines/JournalPolicy/accepted_manuscripts.asp
http://www.rsc.org/help/termsconditions.asp
http://www.rsc.org/publishing/journals/guidelines/
http://dx.doi.org/10.1039/c2cc33645f
http://pubs.rsc.org/en/journals/journal/CC


Journal Name 

Cite this: DOI: 10.1039/c0xx00000x 

www.rsc.org/xxxxxx 

Dynamic Article Links ►

ARTICLE TYPE
 

This journal is © The Royal Society of Chemistry [year] [journal], [year], [vol], 00–00  |  1 

Narcissistic self-sorting of hydrogen-bonded dimeric capsules formed 

through self-assembly of flexible tripodal receptors in polar solvents 

Ashutosh S. Singh and Shih-Sheng Sun* 

Received (in XXX, XXX) Xth XXXXXXXXX 20XX, Accepted Xth XXXXXXXXX 20XX 

DOI: 10.1039/b000000x 5 

Purely hydrogen-bonded dimeric capsule formation through 

self-sorting of three different tripodal receptors having 

similar size and bearing the same functionality have been 

reported through dynamic self-assembly in polar solvents. 

Controlled formation of discrete compartments with different 10 

domains in response to external stimuli by artificial receptors 

is of paramount significance to mimic biological 

phenomenon1 and also to develop system chemistry2. Weak 

intermolecular interactions provide primary tools to achieve 

the self-sorting process through dynamic self-assembly with 15 

good feasibilty and high fidelity.3 Several elegent examples of 

H-bonded compartmentalization by self-sorting process have 

been reported in literature by Böhmer,4 Isaacs,3a Rebek,5 

Schalley,4b Sijbesma,6 and others.7 However, formation of 

purely hydrogen-bonded discrete compartments by the self-20 

sorting process in a polar solvent is highly demanded yet a 

challenging task due to the unfavorable competition from 

solvation interactions. 

 Both urea4,8 and amide5,9 moieties have been explored in 

non-polar solvents for the formation of a hydrogen-bonded 25 

discrete entity through self-sorting phenomenon. In polar 

solvents, these two moieties have been explored either with 

the formation of gel10 or recently with the formation of 

micelles.6 To the best of our knowledge, simple amide 

functionality based discerete compartmentalization (or capsule 30 

formation) in a mixture of competitive components through 

self-sorting process is not known. 

 Herein, we report the first example of hydrogen-bonded 

discrete compartmentalization of three flexible acyclic 

tripodal receptors having similar size and shape incorporating 35 

simple amide moieties on each branch with different 

substituents at para positions of the N-terminal aromatic rings 

(Fig. 1) in polar solvents. Previously, we have shown solvent 

polarity dependent molecular capsule formation by receptor 1 

through dynamic self-assembly where the nitro group at ortho 40 

position of N-terminal aromatic ring is mandatory for the self-

assembled molecular capsule formation.11 

__________________________________________________ 
Institute of Chemistry, Academia Sinica, 115 Nankang, Taipei, Taiwan, 

Republic of China Fax: +011-886-2-27831237; Tel: +011-886-2-45 

27898596; E-mail:sssun@chem.sinica.edu.tw 

† Electronic Supplementary Information (ESI) available: experimental 

procedure, characterization data and titration spectra. See 

DOI: 10.1039/b000000x/ 
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Fig 1. A schematic representation of receptors employed for studies (top) 70 

and the topographical representation of binding patterns (bottom) in their 

corresponding self-assembled capsules. 

 To explore the effect of substituents on N-terminal aromatic 

ring, receptors 2 and 3 have been synthesized in a similar way 

as reported previously11  and their identities were confirmed 75 

by high-resolution electrospray ionization mass spectrometry 

(HRESIMS) and NMR spectra (see supporting information). 

 The 1H NMR titration spectra of receptor 3 in a DMSO-d6 

solution with gradual addition of CDCl3 showed a similar 

pattern of peak shifting as observed previously11 with receptor 80 

1, indicative of the formation of homo-dimeric capsule (3.3). 

However, a different binding mode was observed for the 

formation of homodimer (2.2). The 1H NMR titration spectra 

of receptor 2 in a DMSO-d6 solution with gradual addition of 

CDCl3 showed a downfield shift of the meta C-H protons of 85 

N-terminal aromatic rings (proton f of receptor 2, see 

Supplementary Information Fig. S16-S18). In receptor 2, a 

nitro group at ortho position of the N-terminal aromatic ring 

makes the meta position (ortho position with respect to the 

nitro group) electron deficient and thus protons f in receptor 2 90 

participate in the intermolecular hydrogen bonds. However, 

electron donating groups at para position for receptors 1 and 3 

render the ortho positions with respect to the amide groups of 
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the N-terminal aromatic ring the most electron deficient and 

thus protons h of receptors 1 and 3 are most susceptible to the 

intermolecular hydrogen bonding interactions to form the self-

assembled homodimeric capsules (1.1 and 3.3). The self-

assembled homodimeric capsules were also observed by 5 

gradual addition of either acetone-d6 or CD3NO2 into DMSO-

d6 solutions of receptors 1, 2 and 3, as confirmed by their 

corresponding titration spectra and  positive mode HRESI 

mass spectra (Fig. S14-S15, S17-S18, and S20-S21). No 

solvent molecules were identified encapsulated in these self-10 

assembled homodimeric capsules as evidenced by HRESI 

mass spectra. Evaporation of the volatile solvent from 

solution mixture brought the spectrum back to the original one 

recorded in DMSO-d6, which demonstrates the reversibilty of 

capsule formation. These experiments suggested individual 15 

dimeric capsule formation in their respective polar solvents 

although their binding patterns along the seam of capsule are 

different, which depends upon the electronic nature of N-

terminal aromatic ring (see Fig. 1 and Fig. S30). 
 20 
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Fig. 2 Two-component self-sorting: 1H NMR (400 MHz, 30 ºC) titration 

spectra of receptors 1 and 2 in a 1:1 ratio (6.25 mM each) in a DMSO-d6 

solution upon addition of varying amount of acetone-d6. After partial 40 

evaporation of acetone-d6, the resulting spectra (in red color) merged to 

the original one recorded in DMSO-d6. Star marks in green and red colors 

in spectra represent peaks for DMSO-d6 solvent and from internal 

reference in TMS, respectively. Circle marks in green and red colors 

represent the residual water peaks from deuterated solvents. 45 

 Inspired from these results, we envisaged the possiblity of 

co-existence of both types of capsules in the same mixture 

solution with a self-sorting behavior. The 1H NMR spectra of 

an equimolar mixture solution (6.25 mM) of receptors 1 and 2 

as well as an  equimolar mixture solution (6.25 mM) of 50 

receptors 2 and 3 in DMSO-d6 displayed well resolved peaks 

for amide N-Hs and aromatic protons (see Fig. 2 and Fig. S31-

S32). A similar observation was noted for an equimolar 

mixture solution of receptors 1 and 3 (Fig. S33). Upon 

titration of the DMSO-d6 mixture solution of receptors 1 and 2 55 

with CDCl3 (Fig. S34), the peaks for amide N-H protons and 

aromatic proton h of receptor 1 and proton f of receptor 2, 

respectively, responsible for hydrogen bonding along the seam 

of capsules 1.1 and 2.2, shifted downfield in a similar way to 

their individual solutions (see Fig. S13 and S16) without 60 

appearance of any new peak. After partial evaporation of 

CDCl3, the corresponding peak of resulting spectra (shown in 

red color, Fig. S34) alomost merged to the parent spectra, 

indicative of reversibility of capsule formation. The similar 

observation noted upon titration of equimolar mixture solution 65 

of receptors 1 and 2 in DMSO-d6 with gradual increasing 

amount of acetone-d6 (Fig. 2). After partial evaporation of 

acetone-d6, peaks of the resulting spectrum merged to the 

original one. Similar observations noted in titration spectra of 

other two-component systems (receptors 1 with 3 and 70 

receptors 2 with 3, see Fig. S35-S38). 
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Fig. 3 Three-component self-sorting: 1H NMR (400 MHz, 30 ºC) titration 

spectra of receptors 1, 2 and 3 (in a 1:1:1 ratio, 6.25 mM each) in a 

DMSO-d6 solution upon addition of varying amount of acetone-d6. After 

partial evaporation of acetone-d6, the resulting spectra (in red color) 

merged to the original one recorded in DMSO-d6. The color marks are 95 

defined the same as those shown in Fig. 2.  

 The present studies were further elaborated for the three-

component system. An equimolar mixture of all the three 

receptors 1, 2, and 3 in DMSO-d6 also showed well resolved 

peaks for amide N-H and aromatic protons (Fig. 3 and Fig. 100 

S39). Upon titration of DMSO-d6 solution containing a 

mixture of the three receptors 1, 2 and 3 with gradual 

increasing amount of CDCl3, a similar pattern of peak shifting 

for amide N-Hs as well as for aromatic protons without 

appearance for any new peaks observed (Fig. 3, top). After 105 

partial evaporation of CDCl3, the resulting spectrum 

essentially superimposed to the original one, indicative of the 

reversible conversion of respective capsules in the mixture 

solution. The smililar observations were also noted for 

titrations carried out in polar solvents like acetone-d6 (Fig. 2, 110 

bottom). 

 The affinity for self-recognition (narcissistic self-

sorting)3b,12 between the individual receptor components is 

remarkable. The titration spectra showed no appearance of 

any new peak and the patterns of peak shifting were similar to 115 

that of an equimolar mixture in both CDCl3 (Fig. 4 and S41) 

and acetone-d6 (Fig. S40-S41) even with increasing one 

component to five-fold excess. Furthermore, after partial 

evaporation of CDCl3 or acetone-d6, the resulting spectra 

merged to that of original ones, showing hydrogen-bonded 120 

self-assembled capsule formation through narcissistic self-

sorting process with high fidelity in a polar solvent. 

 In conclusion, in contrast to the basic molecular recognition 

codes (size and shape) generally reported for self-sorting 
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process,3b we have disclosed unique examples of narcissistic 

self-sorting by highly flexible acyclic tripods possessing 

similar size and shape with the same functionality appended 

on each branch. Both receptors 1 and 3 having electron 

donating groups on N-terminal aromatic rings and the same 5 

binding motifs for seaming along the curvature for self-

assembled capsule formation, The degree of electron donating 

ability (intrinsic information coded in the molecule) of these 

receptors that results in different binding modes of the 

cooperative hydrogen bonding interactions in the subsequent 10 

capsule formation can be expressed with high fidelity in polar 

solvents. Hence, it is viable to achieve the selective 

recognition and separation of guest molecules through the 

present approach and the related research is currently 

underway for detail studies. 15 
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Fig. 4 Three-component self-sorting: 1H NMR (400 MHz, 30 ºC) titration 

spectra of receptors 1, (31.3 mM) 2 (6.25 mM) and 3 (6.25 mM) in a 

DMSO-d6 solution upon addition of varying amount of CDCl3. After 35 

partial evaporation of CDCl3, the resulting spectrum (in red color) merged 

to that of original one recorded in DMSO-d6. The color marks are defined 

the same as those shown in Fig. 2.  
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