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Abstract

Oligoamide 1, consisting of two H-bonding units linked by a trimethylene linker, was previously
found to form a very stable, folded dimer. In this work, replacing the side chains and end groups of
1 led to derivatives that show the surprising impact of end groups on the folding and dimer-chain
equilibria of the resultant molecules.

The folding and unfolding of biomacromolecules have profound impact on their ability to
engage in intermolecular interactions such as molecular recognition, intermolecular
association and self-assembly into higher-order structures. For example, the Trp repressor
shows that the recognition helix of its helix—turn—helix motif undergoes a conformational
stabilization upon binding to cognate DNA.L The bZIP domains of leucine zippers? turn
from random coil to an a.-helical conformation upon binding to the target DNA molecules.?
The water-soluble monomer of a-hemolysin changes conformation and assembles into a
membrane-spanning heptamer with a hydrophobic outer surface.3 The misfolding of
amyloid B-peptides (Aps) from an a-helix to p-sheet conformational transition is suggested
for the dysfunctions, fibrillization, and subsequent amyloid deposits in Alzheimer’s disease.*
In contrast to the abundance of biological systems that reflect the conformational change,
e.g., the folding or unfolding, of their molecular components on the resultant intermolecular
association and supramolecular assembly, synthetic self-assembling systems based on
designed molecules have mainly focused on stably folded oligomers, i.e., foldamers,> or on
adjusting the specificity and strength of intermolecular association.8:” Few examples that

TElectronic supplementary information (ESI) available: Experimental procedures, 1D and 2D NMR spectra, viscosity measurements,
IMS-MS analysis, computational results. See DOI: 10.1039/c6cc00224b
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show altered supramolecular outcomes due to conformational change of molecular
components are known.

As part of our long-term interest in developing foldamers and in controlling intermolecular
association,®9 we previously reported results from a study on H-bond-mediated association
of a series of bifunctional molecular building blocks.1® Compound 1, consisting of two
unsymmetrical 4-H-bonded units'112 covalently linked in a head-to-head fashion, represents
one such design of this series. If adopting an extended conformation, a molecule of 1 could
only partially overlap with another one via four intermolecular H-bonds, and would thus
lead to linear H-bonded polymers.

In our previous study,10 examining the assembly of 1 and that of another analogous pair of
oligoamide strands having different 4-H-bonded units revealed a surprising outcome. Instead
of forming extended polymeric aggregates, compound 1 and its analogs formed H-bonded
dimers, which we dubbed “duplex foldamers”, in which the component oligoamide strands
folded into a conformation that (Fig. 1) led to the formation highly stable 8-H-bonded
dimers. The presence of highly stable dimers of 1 and its analogs were shown by the
presence of well-resolved and sharp *H NMR signals, extensive cross-strand NOEs, and also
by results from mass spectrometry and vapor-pressure osmometry.

The IH NMR signals of the methylene protons L1 and L2 of 1 in CDCl3 and DMSO-dg
provided diagnostic indicators for the folded and open-chain conformations of this molecule
and its analogs. The signals of L1 and L2 were found to appear at 2.50 and 2.81 ppm in
CDCl3 (5 mM), consistent with the constraining of the trimethylene linker due to the folding
of 1. In DMSO-gj that completely interrupts the intermolecular H-bonding of 1, the signals
of L1 and L2 merged into one peak at 2.36 ppm, which indicated an open-chain
conformation in which the trimethylene linker becomes more flexible. These observations
suggested that the folding and dimerization of 1 were closely coupled.

Thus, instead of undergoing the initially expected polymerization, oligoamide 1 was found
to adopt a folded conformation that favors the formation of a highly stable, discrete dimer.
Such a folded H-bonded dimer previously uncovered by us integrates the folding and
dimerization of the molecular components, which provides a molecular and supramolecular
structural motif that may lead to many possibilities such as the development of highly stable
H-bonded association units. In addition, the dimer of folded 1 is in fact a supramolecular
macrocycle that could undergo ring-opening, leading to H-bond-mediated polymerization
under conditions such as high concentration where linear polymeric chains become
dominant. Unfortunately, probing the ring-chain equilibrium of 1 has been hampered by the
limited solubility of this compound in chloroform and other solvents that promote H-
bonding.

In this study, the side chains (/.e., RT and RZ groups) and R” end groups of 1 were modified,
leading to oligoamide strands 2, 3 and 4 (Fig. 1) that were found to have drastically
enhanced solubilities in chloroform and other solvents, which allowed their concentration-
dependent behavior to be examined. We report herein the surprising effects of remote
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structural tuning on the folding and unfolding, and the shift of ring-chain equilibrium of
these derivatives of 1.

Compound 2, which differs from1 in its R1 and R side chains, gave 1H NMR signals that
remain sharp and well-resolved over a wide range of concentrations (from 0.03 mM to 122
mM) in CDCls, suggesting that 2 remains folded and exists as dimers (Fig. S1, ESIT). The
dimerization of 2 is further supported by 2D NOESY which revealed numerous cross-strand
NOEs (Fig. S9, ESIT). That the two signals of protons L1 and L2 at 2.46 ppm and 2.72 ppm
remain unchanged at concentrations up to 122 mM confirms the high stability of the dimer
of folded 2 (Fig. 2a). The lack of open-chain conformation and thus higher aggregates
suggest that 2, similar to 1,must have a high critical concentration below which only the H-
bonded dimers consisting of folded molecules exist. Therefore, changing side chains R® and
R2 of 1 did not have any detectable effect on the ring-chain equilibrium of the resultant 2
within the concentration range examined.

Replacing one of the two H atoms of each of the terminal primary amide groups of 2 with a
methyl group leads to 3. The 'H NMR spectra of 3 recorded at concentrations from 0.3 mM
to 45 mM in CDClj3 reveal a trend that is very different from what observed for 2. The
signals of protons L1 and L2 undergo noticeable change with increasing concentration of 3
(Fig. 2b). Appearing at 2.48 and 2.93 ppm at low (<1 mM) concentrations, the two separate
signals of protons L1 and L2 of 3 start to merge into a new peak at 2.72 ppm at 1 mM and
higher concentrations, which is accompanied by the appearance of new broad peaks in the
region (from 6 to 11 ppm) corresponding to the signals of amide and aromatic protons (Fig.
S3, ESIT). Thus, in comparison to the high critical concentration of 2, that of 3 seems to
have been lowered considerably, which allows folded dimeric and open-chain conformations
to co-exist in the concentration range of the 1TH NMR experiments.

That replacing two terminal amide H atoms of 2 with methyl groups led to the observed
conformational change and thus the shift of ring-chain equilibrium for 3 is surprising.
Previously, similar tuning on the ring-chain shift of bifunctional H-bonding molecules was
achieved by imposing conformational bias on the linker moieties connecting adopted H-
bonding units.13

To further probe the effect of end (R”) groups on ring-chain equilibrium, compound 4, which
shares the same R and RZ side chains with 1 but has 7~hexyl groups attached to its two
termini, was prepared. Being very soluble in CDCl3, the concentration-dependent 1H NMR
spectra of 4 in CDClI3 reveal that even at 0.5 mM, protons L1 and L2 give the merged signal
at 2.67 ppm, and the separate signals at 2.45 and 2.94 ppm (Fig. 2c), which indicates the
simultaneous presence of the extended and folded conformations. With increasing
concentration, the intensity of the merged signal at 2.67 ppm also increases, which becomes
dominant at 10 mM and higher concentrations. Increasing the concentration of 4 is also
accompanied by the appearance of new broad peaks in the region corresponding to the
signals of amide and aromatic protons (Fig. S3, ESIT).

In the TH NMR spectra of 3 and 4, the merging of the otherwise split signals of L1 and L2,
along with the appearance of additional broadened signals at high concentrations, indicates

Chem Commun (Camb). Author manuscript; available in PMC 2016 December 20.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Liuetal.

Page 4

the unfolding and further aggregation of these molecules, 7.e., the folded dimers undergo
ring-opening, shifting the dimer-chain equilibrium of either compound from dimers to
oligomers and polymers as concentration increases.

Compounds 2, 3, and 4, with their different propensities for adopting the folded
conformation that promotes dimerization, and open-chain conformation that results in
oligomerization or polymerization, were further probed with ion-mobility spectrometry-
mass spectrometry (IMS-MS). Species ranging from monomers to decamers were monitored
for all three compounds under the condition of the IMS-MS experiments, which revealed
different distributions of the measured species (Fig. S4, S5 and Table S1, ESIt). Consistent
with the conclusion based on results from IH NMR, the dimer of compound 2 was found to
be the most abundant (>25%) species among other oligomers, while pentamer and trimer
were detected as the major oligomers for 3 and 4, respectively. Thus, compounds 3 and 4,
with their end methyl and hexyl groups, indeed have stronger preferences for forming
oligomers higher than dimers.

The concentration-dependent shift of the dimer-chain equilibrium of 4 toward higher
aggregates was also demonstrated by diffusion-ordered NMR spectroscopy (DOSY). In
CDCl3 at 25 °C, the apparent translational diffusion coefficient (D) of 4 decreased
considerably as concentrations increased from 25 mM to 141 mM (Table S2 and Fig. S6,
ESIT). Ratio Drys/ Dy, Which equals to R4/ Rruvs, the ratio of the hydrodynamic radii of the
aggregates (assuming spherical shapes) of 4 and that of TMS, provides viscosity-
independent assessment!4 on the extent of aggregation of 4. Drps/ Dy increased from 5.95 to
9.26 as the concentration of 4 changed from 25 mM to 70 mM. Using the solvent signal
(CHCIg) as the internal standard revealed the same trend: Dcpci/ Dy increased from 6.57 at
0.6 mM to 43.48 at 141 mM. Data from DOSY thus indicate that 4 experiences a transition
from mainly discrete dimers at low concentration to polymeric aggregates at high
concentration.

Consistent with its concentration-dependent shift of dimer-chain equilibrium, in CHCl3,
compound 4 showed high viscosities at high concentrations, and low viscosities at low
concentrations. Plotting the specific viscosity (ngp) vs. concentration (Fig. 3a) reveals that, at
low concentrations, the viscosity-concentration plot has a slope of 0.0072 + 0.0004 cP
mM~1 and, above 42 mM, the plot curves upward to a much larger slope of 0.0306 + 0.0027
cPmM™1, These results indicate that the aggregation of 4 involves two stages, which, in
combination with 1H NMR data, can be attributed to the dominance of dimeric species at
low concentrations, and the prevalence of polymeric aggregates at high concentrations.

Compound 3 was found to exhibit similar concentration-dependent, two-stage change in
viscosities (Fig. S7, ESIT). The viscosity is low at concentrations below 63 mM, above
which a much more rapid increase in viscosity is evident as shown by the change of slope in
the viscosity-concentration plot.

In contrast to 3 and 4, compound 2, which remains dimeric at up to 122 mM based on 1H
NMR, displays a linear correlation of viscosity and concentration (Fig. 3b). This further
demonstrates that compound 2 remains dimerized and does not engage in concentration-

Chem Commun (Camb). Author manuscript; available in PMC 2016 December 20.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Liuetal. Page 5

dependent change of its folded conformation. Given that the end hexyl groups of 4 are more
effective in shifting the dimer-chain equilibrium than the methyl groups of 3, while the
primary amide groups of 2 exert no influence, the effects of the end alkyl groups seem to be
due to steric interaction between the introduced end groups with the trimethylene linkers of
these molecules. The dimers of 2, 3, and 4 optimized at the level of B3LYP/6-31G(d) are
consistent with the role of steric interaction, with the dimer of 2 being the most compact and
those of 3 and 4 becoming more twisted (Fig. 4). Out of the eight intermolecular hydrogen
bonds of each dimer, the number of those with H...O bond lengths longer than 2 A changed
from 0, 2, and 3, and those with N-H...O bond angles smaller than 170° changed from 0, 5,
and 6, for compounds 2, 3, and 4, respectively, indicating that the intermolecular H-bonds
are weakened as the end groups become increasingly bulky (Fig. S8, ESIt).

In summary, compound 1, which was found to adopt a folded conformation and form a very
stable H-bonded dimer, was structurally modified to give compounds 2, 3, and 4 with
drastically increased solubilities in chloroform. Compound 2 behaves similarly with 1 and
remains dimeric in a wide range of concentrations, which demonstrates that changing R® and
R2 side chains does not alter the dimerization of these molecules to any noticeable extent. In
contrast, modifying the end primary amide groups of 1 led to a surprising shift in the dimer-
chain equilibrium of the resultant 3 or 4. Further study based on this discovery should
establish a new strategy for controlling the ring-chain equilibria of bi-functional H-bonding
molecules.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1.

Oﬁgoamide 1 was previously found to adopt a folded conformation which leads to an 8-H-
bonded, folded dimer. In this study, compounds 2, 3, and 4, derived from 1 by modifying
side chain R! and R? and end groups R’, showed greatly enhance solubilities which allowed
the concentration-dependent folding—unfolding and the corresponding assembly of these
molecules to be probed.
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Stacked partial 1H NMR spectra of 2 (left), 3 (middle) and 4 (right) in CDClj3 as a function

of concentration. (Blue arrow: merged signals of L1 and L2; brown arrow: separated signals
of L1/L2).
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Fig. 4.

CIgK representations of dimers of (a) 2, (b) 3, and (c) 4 optimized at the at the level of
B3LYP/6-31G(d). (Top view: along the long axis; bottom view: from the side of the dimer
with one molecule placing in front of the other). The R1 and R? side chains are replaced with
methyl groups before each dimer was subjected to optimization.

Chem Commun (Camb). Author manuscript; available in PMC 2016 December 20.
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1. Materials and Methods

All reagents were purchased from commercial sources (Fisher Scientific, Acros,
Alfa Aesar and Aldrich) and were used as received unless otherwise noted. Silica gel
column chromatography was carried out with silica gel 60 (mesh 230-400) and products
were detected as single spots by thin-layer chromatography (precoated 0.25 mm silica
plates from Sorbent). All "H NMR and °C NMR data were recorded on Varian Inova 500
(or 400) Spectrometers (500 MHz or 400 MHz) and Varian Mercury 300 Spectrometer
(300 MHz). NMR chemical shifts are reported in ppm relative to internal standard TMS,
and coupling constant, J, is reported in Hertz (Hz). For the '"H NMR experiments, CDCl;
(99.8% D), DMF-d7(99.5%) and DMSO-ds (99.8% D) were purchased from Carmbridge
Isotope Laboratory and used without further purification. Low-resolution electrospray
ionization (LRESI) mass spectra were obtained on a Bruker Esquire 3000 plus mass
spectrometer (Bruker-Franzen Analytik GmbH, Bremen, Germany) equipped with an ESI

interface and an ion trap analyzer.
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2. Syntheses

OR NH3*H,0 OR
T L
NH
O,N o~ O,N 2

[e] o

R= '}{\/o\/\od\ 2a

Compound 2a: Ammonium hydroxide (18 mL) was added to a methanol solution (9 mL) of
methyl 2-(2-(2-(isopentyloxy)ethoxy)ethoxy)-5-nitrobenzoate '(1.62 g, 4.56 mmol). The reaction
mixture was allowed to react at 40°C overnight. Most of the solvent is removed in a reduced
pressure. Water and dichloromethane were added. The aqueous layer was extracted with
dichloromethane three times. Organic layer was combined and solvent was removed in vaccum,
White powder was obtained as the product (1.24g, 80%). 'H NMR (500 MHz, DMSO-dq) & 8.61
(d, J=3.0 Hz, 1H), 8.34 (dd, /=9.1, 3.0 Hz, 1H), 7.89 (s, 1H), 7.71 (s, 1H), 7.40 (d, /= 9.2 Hz,
1H), 4.43 — 4.37 (m, 2H), 3.87 — 3.81 (m, 2H), 3.59 (m, 2H), 3.47 (m, 2H), 3.36 (t, J = 6.8 Hz,
2H), 1.57 (m, 1H), 1.32 (m, 2H), 0.90 — 0.71 (m, 6H). °C NMR (126 MHz, DMSO-d) 5 164.55,
161.78, 141.21, 128.30, 126.93, 123.96, 114.88, 70.21, 69.95, 69.53, 69.16, 68.68, 38.46, 25.00,
22.91. ESI MS: calculated 363.4, found 363.3 (M + Na)".

OR EDC, HOBt ORH o NaOH ORH o
[ —— —_—
H N N
O,N o HCI*H,NCH,COOEt O,N %o/\ O,N \AOH
o]

o o
R= X\/OV\O/Q\ 2b 2c

Compound 2b: 2b was prepared following a reported method.” 'H NMR (300 MHz, CDCl;) &
9.05 (d, J = 2.8 Hz, 1H), 8.49 (s, 1H), 8.29 (dd, J = 9.1, 2.8 Hz, 1H), 7.07 (d, J = 9.1 Hz, 1H),
4.39 (m, 2H), 4.29 — 4.15 (m, 4H), 4.07 — 3.91 (m, 2H), 3.75 — 3.61 (m, 2H), 3.59 — 3.48 (m, 2H),
3.43 (t, J = 6.9 Hz, 2H), 1.61 (m, 1H), 1.42 (m, 2H), 1.29 (t, J = 7.1 Hz, 3H), 0.85 (m, 6H). *C
NMR (75 MHz, CDCl3) & 169.81, 163.01, 161.28, 141.92, 128.45, 128.10, 122.19, 112.96, 70.75,
70.02, 69.92, 69.32, 68.69, 61.39, 42.08, 38.29, 25.05, 22.58, 14.17. ESI MS: calculated 449.5,
found 449.3 (M + Na)".

Compound 2¢: 2¢ was prepared following a reported method.” "H NMR (300 MHz, CDCl;) &
9.09 (d, J=2.9 Hz, 1H), 8.61 (t, J = 4.5 Hz, 1H), 8.35 (dd, J= 9.1, 2.9 Hz, 1H), 7.09 (d, J=9.1
Hz, 1H), 4.49 — 4.38 (m, 2H), 4.32 (m, 2H), 4.03 — 3.95 (m, 2H), 3.79 — 3.69 (m, 2H), 3.69 — 3.62
(m, 2H), 3.55 (t, J = 7.1 Hz, 2H), 1.77 — 1.57 (m, 1H), 1.52 (m, 2H), 1.01 — 0.81 (m, 6H). *C
NMR (75 MHz, CDCl;) § 172.05, 163.51, 161.30, 141.91, 128.34, 121.81, 112.99, 70.71, 70.12,
70.03, 69.36, 68.71, 42.23, 38.01, 25.03, 22.56. ESI MS: calculated 399.4, found 399.1(M + H)".
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J@;O: 1. PIC, Hy ORH o OR 1. PdIC, Hy

NH, — > N NH, ————————————— 2
ON 2.EDC, HOBt, 2¢ Q2N N 2. Glutaryl dichloride, TEA

o o H o)

2a 2d

Compound 2d: A solution of 2a (0.60 g, 1.76 mmol) in dichloromethane /methanol was shaken in
the presence of Pd/C (10%) under a hydrogen atmosphere for 2 hours, and then catalyst was
filtered. The filtrate was evaporated in vacuum, yielding the corresponding amine. To a solution
2¢ (0.70 g, 1.76 mmol), EDC (0.38 g, 2.47 mmol) and HOBt (0.26 g, 1.94 mmol) in CH,Cl, (20
mL), the CH,Cl; solution (6 mL) of freshly prepared amine was added. The reaction was allowed
to proceed for 4 hours at room temperature. The mixture was then washed with diluted HCI and
solvent was removed in vacuum. Purification was accomplished by chromatography on silica gel
using chloroform/methanol to afford 2d (0.64 g, 78%) as a light yellow solid. 'H NMR (500 MHz,
DMSO-dg) 6 10.13 (s, 1H), 8.71 — 8.64 (m, 2H), 8.36 (dd, J = 9.1, 2.9 Hz, 1H), 8.05 (d, J = 2.8
Hz, 1H), 7.79 (dd, J = 8.7, 2.8 Hz, 1H), 7.74 (s, 1H), 7.53 (s, 1H), 7.44 (d, /= 9.1 Hz, 1H), 7.12
(d, J=8.9 Hz, 1H), 4.49 — 4.41 (m, 2H), 4.24 — 4.18 (m, 2H), 4.16 (m, 2H), 3.93 — 3.87 (m, 2H),
3.80 — 3.74 (m, 2H), 3.63 — 3.58 (m, 2H), 3.58 — 3.55 (m, 2H), 3.50 — 3.45 (m, 2H), 3.46 — 3.41
(m, 2H), 3.38 (t, J = 6.8 Hz, 2H), 3.32 — 3.26 (m, 2H), 1.64 — 1.55 (m, 1H), 1.55 — 1.46 (m, 1H),
1.34 (q, J = 6.9 Hz, 2H), 1.27 (q, J = 6.7 Hz, 2H), 0.82 (d, J = 6.6 Hz, 6H), 0.76 (d, J = 6.6 Hz,
6H). °C NMR (126 MHz, DMSO-dg) & 167.16, 165.96, 163.15, 161.90, 153.02, 141.28, 132.74,
128.53, 126.99, 123.93, 122.96, 122.91, 122.60, 115.03, 114.60, 70.34, 70.17, 70.12, 69.93, 69.89,
69.16, 69.09, 69.00, 68.80, 68.72, 48.70, 48.68, 43.88, 38.48, 38.43, 25.01, 24.97, 22.93, 22.87.
ESI MS: calculated 713.8, found 713.5 (M + Na)".

Compound 2: A solution of 2d (0.28 g, 0.41 mmol) in dichloromethane /methanol was shaken in
the presence of Pd/C (10%) under a hydrogen atmosphere for 2 hours, and catalyst was then
filtered. The filtrate was evaporated in vacuum, yielding the corresponding amine. The amine and
triethylamine (0.05 g, 0.49 mmol) were dissolved in dry dichloromethane (10 mL), followed by a
solution of glutaryl dichloride (34.8 mg, 0.20 mmol) in dichloromethane (5 mL). The resulting
mixture was allowed to react overnight at room temperature. The crude was washed with diluted
HCl and then solvent was removed in vacuum. Purification was accomplished by
chromatography on silica gel using chloroform/methanol to afford 2 (0.21 g, 71%) as a pale
yellow solid. '"H NMR (300 MHz, DMF-d;) & 10.15 (s, 2H), 10.02 (s, 2H), 8.88 (t, J = 5.0 Hz,
2H), 8.30 (dd, J = 9.3, 2.4 Hz, 4H), 7.99 — 7.91 (m, 8H), 7.44 (s, 2H), 7.22 (d, J = 8.7 Hz, 2H),
7.18 (d, J=9.0 Hz, 2H), 4.32 (m, 12H), 4.00 — 3.93 (m, 4H), 3.93 — 3.85 (m, 4H), 3.76 — 3.58 (m,
8H), 3.58 — 3.51 (m, 8H), 3.45 (t, J = 6.7 Hz, 4H), 3.39 (t, J = 6.8 Hz, 4H), 2.47 (t, J = 7.2 Hz,
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4H), 2.10 — 1.96 (m, 2H), 1.75 — 1.49 (m, 4H), 1.37 (m, 8H), 0.86 (d, J= 6.7 Hz, 12H), 0.81 (d, J
= 6.6 Hz, 12H). °C NMR (75 MHz, DMF-d;) § 170.86, 167.59, 165.75, 164.60, 153.19, 153.01,
133.72, 133.05, 123.87, 123.75, 122.89, 122.79, 122.32, 122.07, 114.23, 114.19, 70.38, 70.23,
69.97, 69.32, 69.17, 69.14, 69.07, 69.02, 68.83, 43.75, 38.49, 38.45, 35.84, 24.93, 22.20, 21.46.
ESI MS: calculated 1418.7, found 1418.5 (M + H)".

EDC HOBt ORH 1. PdIC, H, QL 1. PdIC, H2
- >
N. N 3
CH3NH2 HCI OyN Me 2. EDC,HOBt, 2¢c Q2N 2. Glutaryl dichloride, TEA
o
R= f{\/o\/\od\ 3a

Compound 3a: The product was prepared following the procedure reported previously.” '"H NMR
(500 MHz, DMSO-dy) 6 8.56 (d, J = 3.0 Hz, 1H), 8.30 (dd, J = 9.0, 2.5 Hz, 1H), 8.29 — 8.09 (m,
1H), 7.38 (d, /= 9.1 Hz, 1H), 4.47 — 4.35 (m, 2H), 3.92 — 3.80 (m, 2H), 3.69 — 3.58 (m, 2H), 3.55
—3.44 (m, 2H), 3.36 (t, J = 6.7 Hz, 2H), 2.83 (d, J = 4.6 Hz, 3H), 1.55 (m, 1H), 1.31 (m, 2H),
0.84 — 0.77 (m, 6H). °C NMR (75 MHz, DMSO-d¢) & 164.29, 162.20, 141.89, 128.68, 127.26,
124.67, 115.49, 71.04, 70.68, 70.28, 69.82, 69.33, 39.12, 27.45, 25.63, 23.50. ESI MS: calculated
355.5, found 355.3 (M + H)".

Compound 3b: The product was prepared following the procedure reported previously.” 'H NMR
(300 MHz, DMSO-de) 6 10.16 (s, 1H), 8.68 (s, 2H), 8.37 (d, /= 9.1 Hz, 1H), 8.23 (d, /= 3.4 Hz,
1H), 8.02 (s, 1H), 7.78 (d, J = 8.6 Hz, 1H), 7.45 (d, J=9.1 Hz, 1H), 7.14 (d, /= 9.1 Hz, 1H), 4.61
—4.35 (m, 2H), 4.35 — 4.09 (m, 4H), 3.90 (s, 2H), 3.79 (s, 2H), 3.66 — 3.54 (m, 4H), 3.54 — 3.31
(m, 8H), 2.81 (s, 3H), 1.70 — 1.38 (m, 2H), 1.38 — 1.15 (m, 4H), 0.96 — 0.67 (m, 12H). °C NMR
(75 MHz, DMSO-d¢) 6 167.19, 165.06, 163.17, 161.91, 152.69, 141.28, 132.92, 128.55, 126.98,
123.59, 123.10, 122.92, 122.19, 115.04, 114.92, 70.34, 70.12, 70.01, 69.88, 69.15, 69.08, 68.96,
68.71, 43.87, 38.47, 38.42, 26.65, 24.98, 22.91, 22.87. ESI MS: calculated 705.8, found 705.4
(M+H)".

Compound 3: The product was prepared following the procedure reported previously.” The crude
product was purified using flash column chromatography to yield a pale powder (0.11g, 62%).
'H NMR (300 MHz, DMSO-ds) & 10.12 (s, 2H), 9.93 (s, 1H), 8.70 (s, 2H), 8.23 (m, 2H), 8.13 —
7.93 (m, 3H), 7.80 (m, 3H), 7.68 (s, 1H), 7.24 (s, 3H), 7.12 (d, J = 8.5 Hz, 3H), 4.37 — 4.04 (m,
12H), 3.94 — 3.81 (m, 4H), 3.81 — 3.70 (m, 4H), 3.64 — 3.54 (m, 12H), 3.47 (m, 8H), 3.41 — 3.31
(m, 6H), 2.81 (m, 6H), 2.75 — 2.62 (m, 4H), 2.33 (m, 4H), 2.06 — 1.90 (m, 2H), 1.89 — 1.74 (m,
2H), 1.57 (m, 4H), 1.38 — 1.22 (m, 8H), 0.87 — 0.68 (m, 24H). °C NMR (75 MHz, DMSO-d;) &
173.32, 170.74, 167.47, 165.06, 164.37, 156.55, 152.64, 133.60, 133.02, 131.94, 129.47, 123.58,
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123.05, 122.18, 114.87, 114.42, 70.34, 70.29, 70.00, 69.88, 69.31, 69.13, 69.04, 68.96, 51.68,
43.83, 38.43, 35.56, 33.08, 32.85, 26.63, 24.98, 22.88, 20.86, 16.99. ESI MS: calculated 1446.7,
found 1446.9 (M + H)".

EDC HOBt °T9 1. Pd/C, Hz 0 b o OTg 1. PdIC, H,
N Ne "o o !
nCGHnNHQ Nroo EDC HOBt ON N R, CIMCI
o) 0 ’

Tg= }7_’\/0\/\0/\/0 4a R= n-CgHs 4b

Compound 4a: To a solution of 2-(2-(2-(2-methoxyethoxy)ethoxy)ethoxy)-5-nitrobenzoic acid 2
(1.0 g, 3.04 mmol), EDC (0.57 g, 3.65 mmol) and HOBt (0.45 g, 3.34 mmol) in CH,Cl, (20 mL)
was added the CH,Cl, solution (3 mL) of hexylamine (0.32 g, 3.19 mmol). The reaction was
allowed to proceed for 6 hours at room temperature. The mixture was then washed with diluted
HCI and solvent was removed in vacuum. Purification was accomplished by chromatography on
silica gel using hexane/acetone to afford 4a (1.09 g, 87%) as a light yellow solid. "H NMR (300
MHz, CDCl;) 6 9.02 (s, 1H), 8.25 (d, /= 8.8 Hz, 1H), 7.92 (s, 1H), 7.03 (d, /= 9.0 Hz, 1H), 4.42
—4.27 (m, 2H), 3.94 (m, 2H), 3.80 — 3.55 (m, 6H), 3.52 — 3.36 (m, 4H), 3.37 — 3.25 (m, 3H), 1.71
— 1.49 (m, 2H), 1.45 — 1.09 (m, 6H), 0.97 — 0.73 (m, 3H). °C NMR (75 MHz, CDCl;) & 162.82,
160.85, 141.96, 128.33, 127.60, 123.24, 112.69, 71.85, 70.65, 70.60, 68.82, 58.99, 40.15, 31.53,
29.47,26.75, 22.59, 14.03. ESI MS: calculated 413.5, found 413.4 (M + Na)".

Compound 4b: A solution of 4a (1.09 g, 2.84 mmol) in dichloromethane /methanol was shaken in
the presence of Pd/C (10%) under a hydrogen atmosphere for 2 hours, and then catalyst was
filtered. The filtrate was evaporated in vacuum, yielding the corresponding amine. To a solution
of 2-(5-nitro-2-(octyloxy)benzamido)acetic acid *(1.0 g, 2.84 mmol), EDC (0.48 g, 3.09 mmol)
and HOBt (0.42 g, 3.09 mmol) in CH,Cl, (45 mL) was added the CH,Cl, solution (5 mL) of
freshly prepared amine. The reaction was allowed to proceed for 4 hours at room temperature.
The mixture was then washed with diluted HCI and solvent was removed in vacuum. Purification
was accomplished by chromatography on silica gel using chloroform/methanol to afford 4b (1.44
g, 71%) as a light yellow solid. 'H NMR (300 MHz, DMSO-ds) & 10.16 (s, 1H), 8.65 (d, J = 3.1
Hz, 2H), 8.33 (dd, /=9.2, 3.0 Hz, 1H), 8.21 (t,J = 5.6 Hz, 1H), 7.99 (d, J = 2.8 Hz, 1H), 7.80 (dd,
J=18.9, 2.8 Hz, 1H), 7.39 (d, /= 9.3 Hz, 1H), 7.10 (d, J = 9.0 Hz, 1H), 4.28 (t, J = 6.4 Hz, 2H),
4.23 —4.13 (m, 4H), 3.85 — 3.71 (m, 2H), 3.64 — 3.57 (m, 2H), 3.56 — 3.44 (m, 4H), 3.42 — 3.35
(m, 2H), 3.31 — 3.22 (m, 2H), 3.20 (s, 3H), 1.96 — 1.74 (m, 2H), 1.57 — 1.12 (m, 18H), 0.95 — 0.69
(m, 6H). °C NMR (75 MHz, DMSO-d¢) 8 167.07, 164.35, 163.12, 161.99, 152.62, 140.95,
132.79, 128.48, 126.86, 123.47, 123.09, 122.86, 122.22, 114.48, 114.33, 71.69, 70.79, 70.27,
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70.09, 69.09, 68.74, 58.48, 43.91, 39.55, 31.69, 31.49, 29.53, 29.20, 29.13, 28.69, 26.63, 26.03,
22.53, 14.36. ESI MS: calculated 739.9, found 739.6 (M + Na)".

Compound 1: A solution of 4b (0.12 g, 0.17 mmol) in dichloromethane /methanol was shaken in
the presence of Pd/C (10%) under a hydrogen atmosphere for 2 hours, and catalyst was then
filtered. The filtrate was evaporated in vacuum, yielding the corresponding amine. The amine and
triethylamine (0.18 g, 1.8 mmol) were dissolved in dry dichloromethane (20 mL), followed by a
solution of glutaryl dichloride (14.8 mg, 0.08 mmol) in dichloromethane (5 mL). The resulting
mixture was allowed to react overnight at room temperature. The crude was washed with diluted
HCl and then solvent was removed in vacuum. Purification was accomplished by
chromatography on silica gel using chloroform/methanol to afford 1 (0.17 g, 66%) as a pale
yellow solid. "H NMR (500 MHz, CF;COOH/D,0) & 9.88 (s, 1H), 9.78 (s, 1H), 9.68 (s, 1H), 9.57
(s, 1H), 8.74 (d, /= 2.2 Hz, 1H), 8.61 (d, /= 2.4 Hz, 1H), 8.14 (dd, J=9.0, 2.9 Hz, 1H), 8.07 (dd,
J=9.0,2.2 Hz, 1H), 7.60 (d, J = 9.2 Hz, 1H), 7.55 (d, /= 9.1 Hz, 1H), 4.96 — 4.90 (m, 4H), 4.86
—4.80 (m, 4H), 4.45 — 4.38 (m, 4H), 4.29 — 4.23 (m, 8H), 4.22 — 4.16 (m, 4H), 4.13 — 4.06 (m,
4H), 3.90 (s, 6H), 3.26 (t, J = 6.8 Hz, 4H), 2.73 — 2.61 (m, 2H), 2.35 — 2.26 (m, 2H), 2.21 — 2.10
(m, 2H), 1.90 — 1.53 (m, 36H), 1.28 — 1.13 (m, 12H). "C NMR (126 MHz, 30%DMSO-
d¢/70%CDCl3) 6 171.08, 167.16, 164.82, 164.39, 153.26, 152.76, 151.17, 132.89, 124.48, 123.94,
123.00, 122.93, 122.80, 121.55, 113.77, 113.24, 71.82, 70.48, 69.87, 69.23, 68.70, 58.63, 48.70,
36.04, 31.66, 31.46, 29.51, 29.19, 29.06, 26.66, 26.13, 22.46, 14.03. MS-MALDI: calculated
1491.9, found 1491.5 (M + Na)".
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3.'H and ”C NMR spectra

s9c'e
Le0°¢
ow'e
rv'e
ory'e
eov't
o6v'c
oTse

e
699'c
809°¢c ) ﬁ
wre
izee ﬁ
see
T8t
906°
696'¢
olow
6Ty
sot'y
oty
iscy

orsc 1
195°¢
085°¢ -

(17393
856 L
ow's
e
ver's
sot's
0es

\

J

I

81004 _J
DO ——

1.0 105 100 95 9.0 8.5

115

2.0

961°TT~

VESVT

I/Io vE8 89
020°69
€£0°69

° T
. Z
Q Ogo1-69
126769
v16°69

zT TET 0L

o OUw R

vo—.v:
VNo.NN—
QVE'TTh

T6L°TT)
E68°7T) -

252% B
VLBETL B
vmo.mm%
9VLEEL
900°€SH
::.mm.v

vmu.mo—V =

onm.no—\m
/

L58°0L)

T T T T
140 130 120 110

T
150

S8



15270
6520
L9470+
06201

85T,

SLT'L
6T
Lhett
82€"}
SYE")
£55°)
vLS)
£L56°}]
¥0€°Z
LEET
0Lv'T
1L9T
989°C
70L°T
€64
v08'C
182°€
96T°€
8LE'E
1VE'E
8SE'E
SLE'E
e
TEV'E
243
E9V°E
€LYV'E
S8Y'E
795°€
9LS'E
£8S°€
865°€
L9L°€
T48€
14454
EELY
98L'%
80E'V

¢

J
\j\ﬁ

¢

(o]
&L
H

(e}
N
H

H
N

3
e

E
\
kS

10\
0.
H
/N
o

E

000°8
900°8
950°8
7908
£1T°8
67778
1698

w

L1676~
8hLT0L-

1.5

-0.5

0.0

0.5

3.0

3.5

4.0

10.5

11.0

LL6°9)

!

mvw.ﬁ/
Orﬂ.if/ _
weze
moo.:v -
spcse/
NG.Q&
mmv.mm\
E18EY
189°LS
689
720°69
vl( €€1°69
o/l/ 162°69
° 2 8L8°69
o 0966769
94T 0L
vlK ,p STEL SOVwhl
° ° 659741
Y uw 09874}
"o Fo 8vi-TTl
6L0°€ETH
795°€T)

P VOV 6Tht
ouw mmo._m./
=d m_o.mﬂM

2:2\

o= £65°€E)

979°254
%WNN Sm.a_%

d ° PRI
o\l Iz mmm.z_/

o\l\ ouw 129'9)
vl\ Zr 30.2_*
5.::\
02.2_\

o/ ° o TTEELY

10

30

40

T
60

S9



s91°1
]

8214
16174
YITL
168°€ [y
5807 e
o VSTV =
L 9901
€81y ey
o6y verid
661y ppaig
oLy co9°
e
voLy % M
LTy )Io “M“”"
ey [/o 2 vert
oo o o ol
1 95} 3
Ly 8901
taz /Hm . o —
vaL) - =
9697 zT s6r'1 —
Loy OHA 3}
£18°)
oV = .
oy £ 2 sees —
3 .
ey S0 o 0s8°h
o
8597 N
Wit
6597 zT P
099y o T
oLVt
199 - Py
199 cos-t
€99 ° g
99y — reL
“MMH vse't spsL
3 1962 £95°L
ey T .
v 3.4 ° 19671 TR —
. 7 15571 909"
986y o AT
o 789 geve
T 098 3
YA N\ SE—
[T Pa—
_/° ©
jo) Iz
~ €156
d A=
Ve 8£9°6~" -
o _ =
/ 8L oM —=
088°6

056'9
€20'8
vL9°6

QSCW

SEOVL—

v/

8Ll

omm.:%
ssvie!

YEL'9T

999°97

650°62%

F

§61°67
15767
65V LE
19974
vY0°9¢
veroe )

195°0¥
£EL O
6SE'EY
050'YY
32444
89V LY
00T°8¥
(1714
£19°LS
166°5S
LE98s
417
610719
14:1x44
S¥0's9
00£°89
LT 69
£L8°69
SSE0L
£8¥°0L
vvLoL
[14:273
[1%48:73
69¥°8L

LuLsL

YYTUELL

o:.n:\l
5087171

LE6TLLL
6E6°ETLS
omm.NMF

166°1E —

09LTS 1
[ 11511%4

T6E 9Ly
08yl "
vor91/
scorven/

T
100

T
110

120

T
130

T
140

T
70 160

180

S10



1080
908°0

O,N

10£°€
6¥E'E
19¢°e
91L8°€
85v°¢ |
99¥°¢ /|
(Vig$
11y
8L5°¢
§85°€
685°€
865°€
1E8'E
ove8'E

856 L
:m.pv
v8sl
Ll
98¥°L

06Y" L —-——r
£6V°L

veeE'y
;Iwilﬂ

(A% 4

6V8°E

80677~ _
966 VT

O,N

£89°89
8¢ —.oo/

VES 69— =S
vmo.ooS
0LT°0L

88 vLL——
V96T ETI

1E6'9Tb~
10e°824/

0TIV ——]

08L° 191~
8YS YL

T T
110 100

120

T

130

90

70 160 150 140

180

190

S11



£18°0 =
898°0 Q
veza-do
2:% b
8LE - =
066"} sov'e =
A VEV'E
3 11343
8sv°h 1ES'E
085°} yrsE
109° 095°€
€29°) 649°€
sv9°h v69°€ - =
vese s E—
966°€
10w
0Ty
11344
Wy
€91y
€8E"Y
96€°Y
090°Ly
23\&
sszs/
724
187°8 )
z0e'8] _
ﬁm.a\
» o6vsl
V|K ol voo.a“
o €10°6
/|/ 1706
o)l - 0506
o o
z
)

1.0 10.5 10.0

1.5

UVy—

T6T°8E ~—
9L0°TY—

S8E"LY
Nmo.wc/
9LE"69
616769~
§70°0£
184704
T19°9L
SE0°LL
8sv°LL

€96'TLL—
S$81°TT)

vo—.mﬂ—/.
6y 8T~

O,N

1S0°ST~

879~ -
1oeoL’
£08°691—

-10

T T T T T T T
170 160 150 140 130 120 110

T
180

S12



€8Y°)
§0S°)

T

|

6L0°L
\

obbLS

scvs/

O,N

0£S°E
€55°€
LLSE
ov9E-
059°€
799
899°€
€£9°€
o0zse
9TLE
TELE
ovLE
€SL°€
LL6E
166°€
$00'p
vSLY

788°)

bT9Tha

(34N}
§99°)
88971
0bL)

L

rhey
ogEYy
vre'y
19"y
Ly
9y

ovv'y

87€’8
8EE"8
65€°8
89€°8
0l9°8

mmo.o\.
260'6

098°2T

(———

0E0°ST

§0.°89
79€°69
TE0°0L
L1hoL
m :.ou.\

€10°8E —
LT — -

665°9L
€70°LL
wvLL

noo.N——\

[A1:- M TAEN

SYE“8T)
\

O,N

EL6°IVI

TOETV9V

mom.mo—\
SS0TLL~_

b

T
110

120

130

40 30

50

100

180 170 160 150 140

190

S13



ssto
SSV

€80
9z8°0

O,N

L

Nn—.h
nn!.h
;Z 1
vES'L

A
)

o8t
z6L°L
s6LL

iy

ost's
9se°gfr—
8958
vic's
T8

8240} —— =

1.0 10.5 10.0

1.5

698°2T
9T6TT-L
£L6WT
600°ST

O,N

61189
66189 E
00069
560'69
£91°69 3
P e

e

££6'69
szroL
9voL
weoL

e eTh

886°9T4 "
sesozs/

€8T IVE——

S14



mro
6oL AV

1080

O,N

P
mo

il

sss'8
1958

f0sET
SE9'ST— .
psvrzs

ozi6t
108°6¢ /
s 0oy f
9570V
veoow
Ti6°08
0611w
99V 1Y

125°69
o.-.oc/
6LT0L-E

9190 N“
950°b £

O,N

S15



95470

10 -
608°0 S
L£8°0
[ I2a8% 2
AN usze
18Tt 3 g0 uu\ —
8te°) 0zv8e 186'7C —
e ° Lovee 6v9°91
sps°L 9€176€
@ T J
TR . Zm.ov* -
. @ vog oy
L15°¢ Loaer 71189
MM“.MN 5 656°89
\ v80°69
v09°€ M .
e81°c aviveo ]
£06°€ " FTTTY
$90'% - §00°0Z
91y o 644°0L
Lo0Ty © 8EE"0L
LSY'y 0
-
<
226°wh)
é IZRIT
s . 064°22)
> N
AN 2 _No.N:W
s © £60 mN_\mm
. - €65°ETH/——
V|/\ 197 s\ V|( o
Q s6L'L o Q 86 3_\ ]
R o0z0'8/ @ — €55°874
o = :Z* o o\ =7 veezer ]
o o osee/ : o Q o veziw/
9198 3 -
4 ? P69°TSh——)
vl/! zT & vl/! zT 9067491
° ouw . o oUw ELLEIL
/|/o HN oL 01— - g [/o = voo.mo_\\J
IKO ° 3 © IKO ° £81°£9)
g Wﬂ
o
=z 3 © z
~ — g
S = IS

T T T T T T T T T
180 170 160 150 140 130 120 110 100

T
190

S16



ON

S8°0+
L7}
m;..Ml
695"b-
vesti/

14333
sL7°E
ovy'E
[
L6V°E

905°g-t
g6s°e
109°€
ss9'€
$99°€
e
e
9e6e
09"y

170 6—

OIKO

0€0'VL/
18577
8VL9T~
S9V6T— -
zese/
IR

818'89 166°85—

109°0L
€59°0L
Lv8'V LS -
919°9L -
ovo'LL
YoV LL
689°Th1—
9ETETh~
86S°LTh
67€°874/
L56°V V)L —
SY809L~
128794
o] Iz
(o] (o]
NZ
o

T T T T T T T T T
180 70 160 150 140 130 120 110 100

T
190

S17



CET

J

|

|

|

09470
caso 8LT€
<080 EVE'E
. T8E°€E
szeoy ==
men o
9LV V| eov'e
[228% 6Lv'e
992"} Lev'e
CN.J M“MHM 6L7°T
E6E°) 98V T+
8iv°l bes'e 2672
ol 0€5°E
6€5°E
u«ﬁ.v visE
wav.— vmm.m\llﬂm
8 -
198"} eLe
. 65177
v8s°) oliy
581y
0Ty
LTy
980°L
9bbL
SLEL
90v°L
€8L°L
uﬁ.)f
€184y
o 8L ﬁ
o mmEV
ey V66,
Iz .
© o o oou.mwﬂ
E1E'8
€268
£ves]
esee
6198
S€9°8
17984
159°8/ 09170} —

4
2
[e)

9SEVIq
€€y
§20°924
0€ 9797
169°87
0€ 1762+
L6467+
9757674

oov._m\
069°}€

=

6€1°6€
91v6€
155 6€
€£69°6¢ ]
1606 )
svT oY
£75°0¥
L08' 0¥
806'EY

LEL'8Y
680769
680°0L
697°0L
984°0L
S69°VL

CgHi7
H
N

oN

™
Aoy

LIEVL)

SLY'VLL

£1T°TT 3
£98°7T)

060°€Th~L ¥

ety —F
322\ B 3
Ev.m:\ 3
sorzer
sveon/

ET9LS ) ——3

omo.—o_/\
STLEQ-T——3

oum.uz*-ll.,

990°L9)

i

T T T T T T T T
170 160 150 140 130 120 110 100

T
180

S18



4."H NMR Spectra Recorded at Different Concentrations
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Figure S1. Concentration-dependent 'H NMR experiment of 2 (400 MHz, CDCls, 298K).
All the "H NMR signals remain sharp and well dispersed. The two signals of protons L1
and L2 remain unchanged with increasing concentrations.
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Figure S2. Concentration-dependent '"H NMR experiment of 3 in CDCl; (400 MHz,
298K). One of the two signals of L1 and L2 overlaps with that of the end methyl groups,
making it difficult to discern the merged peak (indicated) at ~2.7 ppm. Another
observation is that the end methyl groups of the folded dimer give one signal, while an
extra peak at 3.1 ppm becomes more and more prominent with increasing concentration,
indicating the oligomers/polymers formation.
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Figure S3. Concentration-dependent NMR spectra of compound 4 (500 MHz, CDCl;,
298 K). Backbone signals of aggregates higher than dimer are marked with “*”. Those
aggregates are clearly observed at the concentration as low as 1 mM. The line-broadening
of oligomers is probably due to fast exchange among assembled structures. For dimer,
protons L1 and L2 show two peaks at 2.9 and 2.5 ppm respectively. The signals of L1 and
L2 merge into a new peak at 2.7 ppm. The intensity of this new peak increases with
increasing concentration.
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5. IMS-MS Instrumental Analysis

Analysis of the samples of 2, 3 and 4 was performed using an in-house PNNL built
IMS-MS instrument which has previously been described.’ Briefly, this instrumental
platform couples a 1-m IMS separation with an Agilent 6224 TOF MS upgraded to a 1.5
meter flight tube providing resolution of ~25,000. Sample solutions were directly injected
into the instrument using a chemically etched fused-silica emitter (20 pm 1.D./150 pm
0.D., at a potential of 2.6 kV)" and transported through a heated capillary inlet (0.43 mm
L.D. x 64 mm at 120°C).” Once through the heated capillary, the ions were transmitted
into the IMS drift cell via ion funnels. Following IMS separation, the ions were refocused
using a rear ion funnel and transmitted into the TOF MS, which was set to collect data
from 50-14300 m/z for each sample. The signal from the TOF detector was routed to 8-bit
Analog-to-Digital converter (ADC) (AP240, Agilent Technologies, Switzerland) and
processed using a custom control-software written in C#.°
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Figure S4. Partial IMS-MS spectra of (a) 2, (b) 3, and (c) 4 (NH," adducts).
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Table S1. The Ten Most Abundant Complexes with NH;" Adducts

Compound 2 | Pk Area % Compound 3 Pk Area % Compound 4 | Pk Area %

T-mer + N, (1) | 450244 797 T-mer + NH, (1+ 826770 | 5.97
mer + NH, (1+) mer + NH, (1+) l-mer + NH, (1+) | 281433 | 5381

Zmer + 2 NH, (24) | 2293357 25.29 2-mer + 2NH, (2) | 1258813 | 9.09
mer +2 NH, (2+) mer + (@9 2-mer+ 2 NH, (2+) | 468164 | 9.66

3-mer + 3 NH, (3+) | 1709768 18.86 3omer + 3 NI, (31) | 1791863 | 12.94
mer + (39 mer + (39 3-mer+3NH, 3+) | 1147577 | 23.68

domer + 3NH, (3+) | 1574243 17.36 domer + 3NH, (34) | 2453069 | 17.71
4-mer+3NH, (3+) | 870718 | 17.96

Somer + 4 NI, (41) | 1125114 1241 Somer + 4 NI, (41) | 3512411 | 25.36
S-mer+ 4 NH, (4+) | 831246 | 17.15

G-mer + 4 NH, (45) | 758415 836 Gomer + 4 NI, (4+) | 1524561 | 11.01
Gmer + 4 NI, (4+) | 548115 | 11.31

Tomer 5 NH, (54) | 451474 498 Tomer + 5 NH, (57) | 1144799 | 827
Jamer+ 5 NH, (54) | 276366 | 570

8omer + 5 NI, (31) | 446606 493 8mer + SNIL (5+) | 604358 | 436
8-mer + 5 NI, (5+) | 204080 | 421

Omer + 6 NI, (61) | 131772 145 9-mor + 6 NH, (65) | 422315 | 3.05
9-mer+ 6 NH, (6+) | 117315 | 2.42

T0-mer + 6 NH, (65) | 125851 139 10-mer - 6 NHs (65) | 311961 | 225
10-mer + 6 NH, (6+) | 101972 | 2.10

Total | 9066844 100 Total | 13850920 | 100
Total | 4846986 | 100

(a)

30

25

20

15

10

o
NMIEEEEEEBE .

1-mer +2-mer +3-mer +4-mer +5-mer +6-mer +7-mer +8-mer +9-mer + 10-mer
NH4 2NH4 3NH4 3NH4 4NH4 4NH4 5NH4 5NH4 6 NH4 + 6 NH4
(1+) (2+) (3+) (3+) (4+) (4+) (5+) (5+) (6+) (6+)
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Figure S5. The relative abundance of the oligomeric aggregates of (a) 2, (b) 3 and (c)
4 with ammonium adducts. The numbers on the vertical axes are shown in percentage.
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6. Diffusion-Ordered Spectroscopy (DOSY)

Diffusion-ordered spectroscopy (DOSY) experiments were performed on a Varian
Inova 500 MHz spectrometer under regulated temperature (298 K), with a 5 mm probe.
The pulse sequence employed was a bipolar pulse pair simulated echo (BPPSTE).
Additional parameters: gradient strength array has 15 increments from 3% to 66% of the
maximum gradient strength in a linear ramp, diffusion gradient length is set to 2 ms, and
diffusion delay is 100 ms.

N /
1 s
8 o

o
H o (o] H °© [¢] O H o °© H
N NN
o I o T B T i R L
o) H o) H H H o H o)

4

Table S2. DOSY results of 4 in CDCl3 at 298K

Concentration of Da Drums DTms/D4 Dcuais Dc1—1c13/D4
4 (hexyl terminals) (x10""m%s)  (x10™"° m?/s) (10" m%/s)

141 mM 0.24 N/A® e 10.4 43.48

70 mM 1.11 10.3 9.26 15.5 13.89

35 mM 2.20 17.3 8.00 19.7 9.00

25 mM 2.29 17.1 7.46 20.6 9.00

12 mM 2.70 18.5 6.85 20.7 7.69

0.5 mM 3.28 19.5 5.95 21.6 6.57

*Value can not be measured accurately.
Dy: averaged diffusion coefficient of 4.
Dryvs: diffusion coefficient of TMS.

Dcucns: diffusion coefficient of CHCl.
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Figure S6. Partial DOSY spectra of 4 in CDCl; (a) 0.5 mM, (b) 12 mM, (c) 25 mM, (d)
35 mM, (e) 70 mM, and (f) 141 mM.
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7. Viscosity Measurements

Viscosity measurements were carried out at ambient temperature (298K) on a
Brookfield DV2+Pro Viscometer with a thermostat attached. The sample solutions in
CHCI; were filtered through a 0.45 pm filter to remove dust and debris. The resulting
solution was left to stand for 1 hour before measurements.

3.0+
2.5
2.0
= 1.5

1.0+

0.5

20 40 60 80 100 120 140
Concentration (mM)

Figure S7. Specific viscosity of 3 versus concentration in CHCl;. The results suggest that
there are two-stage aggregations. Combined with NMR data, dimeric assembly dominates
at low concentrations, while larger aggregates are favored at high concentrations. The
slopes are 0.0063 + 0.0004 cP/mM at low concentrations and 0.0506 + 0.0020 cP/mM at
high concentrations, respectively.
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8. Computational Study

B3LYP/6-31G(d) optimizations were performed on the dimers of compounds 2, 3,
and 4 (with all R1 and R2 groups being replaced by methyl groups) in Gaussian 09
software package. The three dimers with eight intermolecular hydrogen bonds are
obtained after optimizations both shown in Figures S9 and S10.

(®)

Length (A)  Angle (° ) Length (A)  Angle (° ) Length (A)  Angle(° )

HBI1 1.986 171.7 2.025 161.9 2.071 169.3
HB2 1.900 174.1 1.912 169.4 1.913 160.2
HB3 1.902 173.6 1.914 160.8 1.904 173.0
HB4 1.985 171.4 2.103 161.3 1.996 166.0
HBS 1.961 175.0 1.963 172.3 2.003 169.6
HB6 1.908 175.7 1.924 167.7 1.872 171.7
HB7 1.909 175.8 1.886 175.7 1.965 167.6
HBS 1.961 174.6 1.978 173.1 2.002 163.1

Figure §8. Optimized structures of the dimers of compounds (a) 2, (b) 3, and (c) 4. The bond
lengths and bond angles of the eight intermolecular hydrogen bonds (HB) of each dimers are listed.
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9. 2D-NOESY Spectra

[ h [
i c
RR RR R=-(CH,CH,0),CH,CH,CH(CHj),
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i @b
‘ i< @5
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| k
d
(a) (b)

Figure §9. Partial NOESY spectra of 2 in CDCI; (500MHz, 298K, 3 mM).
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