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Two-component self-assembly of a Tetra-Guanidiniocarbonyl Pyrrole Cation and Na4EDTA: Formation of pH
switchable supramolecular networks
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1. General Remarks
Solvents were dried and distilled before use. All other reagents were used as obtained from
Aldrich, Fluka or Alfa Aesar unless otherwise specified. All reactions were carried out in
oven dried glassware. Reactions were monitored by TLC on silica gel plates (Machery-Nagel
POLYGRAM SIL G/UV254). The IR spectra were recorded on a FT-IR 430 spectrometer
from Jasco with a Pike MIRacle ATR sampling accessory. Bands are quoted in cm–1. The 1H
NMR spectra were recorded at 300 MHz or 500 MHz and the 13C NMR spectra at 150 MHz
from Bruker at ambient temperature. The chemical shifts are relative to the signals of the used
solvent: DMSO-d6 (δ 1H = 2.50 and δ 13C = 39.52) and CDCl3 (δ 1H = 7.26 and δ 13C =77.16).
The apparent coupling constants are given in Hertz. The description of the fine structure
means: s = singlet, bs = broad singlet, d = doublet, t = triplet, m = multiplet. All ESI-mass
spectra were recorded by using a Bruker BioTOF III spectrometer. Melting points were
obtained in open glass capillary tubes using an apparatus from Büchi and are quoted
uncorrected. Determination of pH values was carried out with a pH-Meter 766 Calimatic from
Knick. Fluorescence spectra were obtained with a Varian Cary Eclipse spectrometer. AFM
imaging was carried out with an Innova Scanning Prope Microscope from Veeco and Olympus
N-type silicon cantilevers AC-160TS in tapping mode on freshly cleaved mica surface from
Plano GmbH. The analysis was done utilizing the software Gwyddion (Vers. 2.19). Dynamic
Light Scattering (DLS) experiments were performed using a Zetasizer-Nano ZS from Malvern
equipped with a 4 mW He-Nelaser (633 nm wavelength) at a fixed detector angle of 173°
with an avalanche photodiode detector. All viscosity data were measured by using a Lovis
2000 M/ME microviskometer, device softwear version 2.21.
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2. Experimental procedures and characterization
Synthesis of the Boc-protected tetra guanidiniocarbonyl pyrrole:
To a solution of guanidinio pyrrole carboxylic acid 3 (246 mg, 0.832 mmol) and HCTU (387
mg, 0.936 mmol) in dry DMF (10 mL), DIPEA (0.18 mL, 1.04 mmol) was added and the
solution was stirred at room temperature for 45 min. First, the amine 2 (60 mg, 0.208 mmol)
was dissolved in 300 µL MeOH, then solution was added to the reaction mixture and it was
stirred for 24 h at room temperature. After removing DMF from the reaction mixture, ethyl
acetate (50 mL) was added. A light brown solid was precipitated out. The solid product was
filtered and washed with ethyl acetate. Finally it was dried under vacuum to give desired
compound as a light brown solid (140 mg, 48%). We proceeded next step without further
purification. Mp: 264-266 °C; 1H NMR (300MHz, DMSO-d6): δ 11.33 (bs, 4H, NH), 9.32
(bs, 4H, NH), 8.57-8.44 (bs, 6H, NH), 6.80-6.74 (m, 8H, CH), 3.79-3.48 (m, 12H, CH2), 3.28
(m, 8H, CH2), 1.85-1.66 (m, 8H, CH2), 1.43 (s, 36H, CH3); 13C NMR (150 MHz, DMSO-d6):
δ 170.36, 162.33, 161.48, 159.9, 158.43, 158.29, 131.91, 129.39, 128.27, 127.08, 125.97,
125.16, 120.84, 115.12, 113.81, 113.73, 111.78, 109.37, 79.18, 50.56, 41.86, 35.79, 30.78,
30.68, 27.75; FT-IR (KBr, cm-1): 3156, 2981, 1619, 1317; MS (ESI): m/z (%): 1401 (5) [M +
H]+, 1301 (5) [M + H - Boc]+, 1066 (100) [M + H – Boc-guanidino pyrrole carbonylC3H6N]+, 966 (60) [M + H – Boc - Boc-guanidino pyrrole carbonyl-C3H6N]+.
Synthesis of the tetra guanidiniocarbonyl pyrrole (1):
To a solution of the Boc-protectecd tetra guanidiniocarbonyl pyrrole (130 mg, 0.09 mmol) in
CH2Cl2 (6 mL), TFA (6 mL) was added and the reaction mixture was stirred at room
temperature for 2 h. After removal of CH2Cl2 and TFA under reduced pressure, the residual
light brown gum was diluted with ethyl acetate (50 mL). A light brown solid was precipitated
out. The resulting precipitate was filtered and washed thoroughly with ethyl acetate. Finally it
was dried under reduced pressure to give 1 as a slightly brown powder (97 mg, 74 %). Mp:
236-238 °C; 1H NMR (300MHz, DMSO-d6): δ 12.30 (bs, 3H, NH), 11.25 (bs, 3H, NH), 8.578.39 (bs, 12H, NH), 7.10 (m, 4H, CH), 6.86 (m, 4H, CH), 3.77 (bs, 12H, CH2), 3.05 (bs, 8H,
CH2), 1.84 (bs, 8H, CH2); 13C NMR (150 MHz, DMSO-d6): δ 159.80, 159.50, 159.28,
159.07, 158.86, 158.64, 155.18, 132.50, 125.55, 119.87, 117.90, 115.93, 115.84, 113.96,
112.53, 50.66, 45.29, 36.21, 36.12, 35.96, 27.75; FT-IR (KBr, cm-1): 3318, 1671, 1558, 1284,
1193; MS (ESI): m/z (%): 1001 (19) [M + H]+, 766 (100) [M + H – guanidino pyrrole
carbonyl-C3H6N]+.
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3. Spectra

Figure S1: 1H NMR spectrum of Boc-protected tetra guanidiniocarbonyl pyrrole in DMSOd6, 300 MHz.

Figure S2: 13C NMR spectrum of Boc-protected tetra guanidiniocarbonyl pyrrole in DMSOd6, 150 MHz.
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Figure S3: ESI mass
m
spectru
um of Boc -protected tetra guanidiniocarbonnyl pyrrole in 10%
DMSO//MeOH.

S 1H NMR
R spectrum of 1 in DM
MSO-d6, 300 MHz.
Figure S4:
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Figurre S5: 13C NMR
N
spectrrum of 1 in DMSO-d6, 150 MHz.

Figure S66: ESI masss spectrum oof 1 in 10 % DMSO/M
MeOH.
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4. D
Dynamic liight scatterring (DLS) experimen
nts
First c = 1 x 10-3 M solution of bothh tetra catio
onic guanid
diniocarbonnyl pyrrole (1) and
Na4EDT
TA were prepared
p
in pure DMS
SO and 10
0% H2O/DM
MSO respeectively. The
T two
solutionns were mixxed by equaal volume ((v/v, 50/50)) to preparee c = 5 x 110-4 M solu
ution and
checkedd the pH (66.95 ± 0.01) without aadding eitheer acid or base.
b
All m
measuremen
nts were
carried out at 25° C in UV-trransparent microcuvetttes (1 cm) equipped w
with a stopp
per. The
solutionn was filtered prior to measure
m
viaa 0.20 μm nylon
n
filters. The autocoorrelation functions
f
of the backscatterred light fluctuations were analy
yzed with the DTS 66.20 softwaare from
Malvernn providinng the hyd
drodynamicc diameterr (Z-averag
ge), polydiispersity and
a
size
distribuution (NNLS
S analysis).
Time dependent DLS
D study

Samplle name
Compound 1
Na4ED
DTA
mix 0 h
mix 2 h
mix 4 h
mix 6 h
mix 300 h
mix 577 h

Z-avera
age (d.nm))
14
4.31
13
3.25
17
77.6
32
24
67
77.2
95
52.2
20
016
44
416

Sizee (d.nm) (%)
(
0.72
0
(100)
0.67
0
(100)
0.66 (50),
(
72.63
3 (50)
257.1
2
(100
0)
677 (100))
920.3
9
(100
0)
1726
1
(100)
1360 (35.1), 38
802 (64.9)

PDI
P
0.842
0.914
0
0.409
0
0.235
0
0.177
0
0.101
0
0.509
0
0.287
0

Figurre S7: Timee dependentt DLS study
y in aqueou
us DMSO.
d with increeasing time for
f (1:1)
The resuults demonsstrated that the size of tthe polymerrs increased
solutionns (from 72.63 nm diam
meter to up tto 3802 nm diameter in
n 57 h).
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pH dependent DLS study

Sample name Z-average (d.nm)
pH 2.65
21.26
pH 9.95
6.51
pH 6.99
678.6

Size (d.nm) (%)
4.12 (100)
0.65 (100)
148.5 (19.3), 519.1 (80.7)

PDI
0.971
0.247
0.561

Figure S8: pH dependent DLS study in aqueous DMSO.
The polymers can be switched between the monomers and polymer reversibly using external
stimuli like pH-alteration.

5. Fluorescence experiments
All fluorescence spectra were recorded using a VARIAN Fluorescence at 25 °C. The samples
were each excited at the wavelength  = 297 nm appropriate for the fluorescence of 1. The slit
widths were set to 5 nm for excitation and emission. All spectra were corrected for intensity
using the manufacturer-supplied correction factors and corrected for background
fluorescence.
Fluorescence titration of 1 (c = 1 x 10-3 M) with Na4EDTA (c = 6 x 10-3 M) in aqueous
DMSO.
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Calculaation

Thesee above dataa demonstra
ated the callculation off the whole titration
t
expperiments
6. N
NMR-Titraation
Aliquotts (10-160 µL)
µ of a sto
ock solutionn of the corrresponding Na4EDTA (c = 6 x 10
0-3 M) in
SO-d6 weree added tto a soluttion (500 μL) of the tetra cationic
10 % H2O/DMS
MSO-d6. Th
he complexxation inducced shift
guanidinniocarbonyll pyrrole (cc = 1 x 10--3 M) in DM
changess of the pyrrrole CHs an
nd NHs werre recorded
d without prresaturationn of the wateer signal
(Brukerr Avance 6000 spectrom
meter). The chemical sh
hifts are callibrated relaative to the residual
DMSO solvent peaak.

A
Addition of Na4ED
DTA (6mM
M) in µL
0
10
30
70
130
160

Con
ncentratioon in mM
M
0
0.118
0.34
0.7
1.2
1.4
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Figure S9. NMR shifts for the titration of 1 (c = 1 x 10-3 M) with Na4EDTA (c = 6 x 10-3 M)
in 95% DMSO-d6/H2O.
Four new peaks appeared at  = 14.71 for Hb, 13.09 (Ha), 9.78 (Hc) and 8.19 for Hd
respectively, as expected for the complexation of a carboxylate by a guanidiniocarbonyl
pyrrole cation.1
7. Viscosity

Figure S10: Variation in relative viscosity of a c = 4 x 10-4 M solution of (1:1) mixtures of
both in aq. DMSO upon sequential addition of trifluoroacetic acid (TFA) and triethyl amine.
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The initial viscosity was not completely restored probably owing to the fact that the sample
now also contains a substantial amount of the salt generated by neutralizing TFA by Et3N.2

8. AFM sample preparation and results
c = 5 x 10-4 M solution was prepared as described in the DLS measurement section. For each
measurement 10 μL of the mixture was dropped onto a freshly cleaved mica surface and dried
by spin coating (50 rps for 10 min) Figure D, E and by drop casting, keep it for 24 h at room
temperature.
D

E

F

Figure S11: (D) compound 1(c = 1 x 10-3 M); (E) Na4EDTA (c = 1 x 10-3 M); (F) Height
images of the particles; white scale bar = 2 µm.
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