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General Techniques of Characterizations
1H

and 13C NMR spectra were recorded in deuterated solvents on a Bruker Avance 500 MHz. The BCU-

05 cooling unit, managed by BVT3300 variable temperature unit, was used for temperature control
and stabilization. At each desired temperature, 1H NMR spectrum was recorded after 10 minutes of
equilibration.
Traces of the nondeuterated solvents were used as an internal standard.
TEM images were taken with Talos FX, FEI (Thermo Fisher Scientific). For TEM analysis, the solution of
cis-GlycClip-PCL in chloroform was deposited on copper grid and evaporated. Then, samples were
exposed to the vapor of RuO4 at room temperature for 30 minutes. Image analysis was performed
with SigmaScan 5.0.
Positive ion MALDI spectra of glycoluril molecular clips

were recorded on the Voyager-Elite

(PerSeptive Biosystems Inc., Framingham, MA, USA) instrument in reflection mode. 2-amino-5nitropyridine (ANP) in THF was used as a matrix. Mass spectrum was accumulated from at least 100
laser shots and processed by Data Explorer cer. 4 program (Applied Biosystems, Foster City, CA).
MALDI-TOF

spectra

of

polymers

were

recorded

on

MALDI-TOF/TOF

Axima Performance Mass Spectrometer - Shimadzu Biotech. Polymers (cis-GlycClip-PCL, BnAlc-PCL)
solutions were prepared in CH2Cl2 at concentration 2 or 5 mg/L. Ditranol and potassium chloride were
dissolved in THF at concentration 8 mg/L each. Then, 20 μL of polymer solution, 10 μL of ditranol and
1 μL of potassium salt were mixed together and evaporated. In case of MALDI experiments with
dimethyl sulfoxide (DMSO) additive, necessary volume of DMSO (1, 5 or 6 μL) was added and samples
were dried overnight.
GPC The number average molecular weights (Mn) of polymers were determined by gel permeation
chromatography (GPC) using an Agilent Pump 1100 Series (preceded by an Agilent G1379A Degasser),
equipped with a set of two PLGel 5 μ MIXED – C columns. A Wyatt Optilab Rex differential
refractometer and Dawn Eos (Wyatt Technology Corporation) laser photometer were used as
detectors. Dichloromethane was used as eluent at a flow rate of 0.8 mL min− 1 at room temperature.
DLS (Dynamic Light Scattering) Nano-ZS, Zetasizer, Malvern, the size of aggregates was measured at
295 K.
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Experimental Procedures and Compounds Characterizations
Synthesis of diester derivative of cis-GlycClip (1)
Diester derivatives of cis-GlycClip was synthesized based on the procedure reported by Wu, et al.[1]

Synthesis of diethanoldiamide derivative of cis-GlycClip (2)
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Diester derivative Glyc Clip (1.277 g; 1.616 mmol) was dissolved in anhydrous DMSO (50 ml) and 2ethanolamine (1.974 g; 32.3 mmol) was added. The reaction was conducted at 50oC. After 10 days,
next portion of 2-ethanolamine (1.974 g; 32.3 mmol) was added and incubated for next 5 days. The
reaction mixture was cooled down. The product was recrystallized twice from the mixture of
DMSO/CH2Cl2 (14:1).
MALDI m/z 821.4 [M+H]+
1H

NMR (500 MHz, DMSO-d6) 10.15 (s, 2H), 8.69 (m, 4H), 8.40 (t, 2H), 7.82 (m, 4H), 7.25 (d, J=8.9 Hz,

2H),6.94 (d, J=8.9 Hz, 2H), 5.24 (d, J=16.4, 2H), 4.73 (d, J=16.2, 2H), 4.58 (t, 2H), 4.06 (d, J=16.2, 2H),
4.03 (d, J=16.2, 2H), 3.77 (s, 6H, 3.38 (m, 4H), 3.19 (m, 2H), 3.10 (m, 2H)
13C

NMR (500 MHz, DMSO-d6) 164.43, 163.85, 158.30, 156.41, 155.18, 150.79, 141.81, 134.06,

128.26, 127.07, 127.00, 121.74, 112.00, 81.80, 59.51, 56.64, 42.88, 37.04
Polymerization of ε-caprolactone initiated with diethanoldiamide derivative of cis-GlycClip (3)
cis-GlycClip was dried in DMF over molecular sieves (4 Å). The solvent was evaporated under reduced
pressure. To the initiator (0.03 g; 0.365 μmol), freshly distilled tin octanoate was added (10 mol% in
respect to hydroxyl groups) and then ε-caprolactone (0.25 g; 2,195 mmol) was introduced. εcaprolactone was dried over CaH2 and distilled twice under reduced pressure. The polymerization was
carried out in bulk at 130o C for 1 h in argon atmosphere. Afterwards, the crude product was dissolved
S3

in dichloromethane and precipitated twice into methanol. Finally, the dried polymer was dissolved in
the mixture of DMSO and DMF and flushed through the short SEC column filled with Bio-Beads S-X1
gel.
Polymerization of ε-caprolactone from benzyl alcohol (BnAlc)
To the initiator (0.03 g; 0.2774 mmol), freshly distilled tin octanoate was added (10 mol% against
hydroxyl groups) and then ε-caprolactone (1.899 g; 16.60 mmol) was introduced. ε-caprolactone was
dried over CaH2 and distilled twice under reduced pressure. The polymerization was carried out in bulk
at 130o C for 1 h in argon atmosphere. Afterwards, the crude product was dissolved in dichloromethane
and precipitated twice into methanol.
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Figure S1. 1H (at the top) and 13C NMR (at the bottom) spectra of diethanolamide derivative of cisGlyc Clip.
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Figure S2. 1H NMR spectrum of cis-GlycClip-PCL recorded in DMSO-d6 at 295 K. Beside main population
of macromolecules (cis-GlycClip-PCL), ‘*’ denotes the population of poly(ε-caprolactone) bound with
molecular clip with imide group (upon the release one ethanolamine molecule, the cyclic imide is
formed) on the convex (17 mol%).

Due to the fact that homodimers of glycoluril molecular clips do not exist in DMSO, (and the
formation of some precipitated aggregates is not possible like it is in chloroform), we
estimated the number average molecular weight of cis-GlycClip-PCL macromolecules based
on 1H NMR spectrum recorded in DMSO taking the integration values of methylene protons
(δ=5.23 ppm) coming from glycoluril end group and methylene protons of poly(εcaprolactone) backbone (δ=2.26 ppm, protons denoted as l in the spectrum). Mn=3700
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Figure S3. MALDI-TOF spectrum recorded for cis-GlycClip-PCL. Polymer population ended with diol
glycoluril derivative is denoted with circles, whereas squares correspond to polymer population ended
with monohydroxyl cyclic imide clip derivative, generated in situ during polymerization process.
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Figure S4. 1H NMR spectrum of cis-GlycClip-PCL recorded in CDCl3-d1 at 295 K. ‘*’ denotes a cyclic imide
derivative of cis-GlycClip-PCL. Signals of NH protons and aromatic protons of both glycoluril end groups
are broadened which implies fast monomer-dimer exchange.
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Figure S5. SEC chromatogram of cis-GlycClip-PCL, CH2Cl2. Detector RI, eluent: CH2Cl2.
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Figure S6. Comparison of 1H NMR spectra of cis-GlycClip-PCL in CD2Cl2-d2 recorded at 223 K and 295
K. A double set of signals corresponding to NH and aromatic protons at 223 K implies the formation of
stable homodimer state. At 295 K, signals of these protons are broadened, which indicates fast
monomer-homodimer exchange.
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Figure 7. MALDI-TOF mass spectra of BnAlc-PCL (top row) recorded for samples deposited from
polymer solutions in CH2Cl2 at concentrations: 2 mg/L (left column), 5 mg/L (right column). At the
bottom, there are spectra for samples prepared with DMSO addition.
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Figure S8. 1H NMR spectra of cis-GlycClip-PCL recorded in CDCl3-d1 in temperature range from 223 to
323 K. Blue circles denote the chemical shift of signal corresponding to NH protons of isonicotinamide
moiety; grey and black circles demonstrate the chemical shift change of aromatic protons of o-xylylene
ring.
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Figure S9. 1H NMR spectra of low-molecular glycoluril clip of diester derivative recorded in CDCl3-d1 in
the temperature range from 223 to 323 K. Blue circles demonstrate the change of the chemical shift
of signals corresponding to NH protons of isonicotinamide moiety; grey and black circles demonstrate
the shifts of signals ascribed to aromatic protons of o-xylylene ring.

S12

Figure S10. TEM images of self-assemblies based on cis-GlycClip-PCL generated in situ in CDCl3.
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Figure S11. The distribution of dimensions of prism-shaped self-assemblies composed of cis-GlycClipPCL. Calculated average dimensions and their standard deviation correspond to main population of
objects, i.e., length below 600 nm, and width below 150 nm.
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