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Materials

4-Vinylbenzoic acid (> 97 %, TCl), 4-ethylbenzoic acid (99 %, Alfa Aesar), copper(ll) acetate monohydrate
(99.9 %, Alfa Aesar), molybdenum hexacarbonyl (98 %, Sigma-Aldrich), acetic acid-ds (99.5 atom % D,
Acros Organics) and acetic anhydride-ds (99 atom % D, Sigma-Aldrich) were used as received. Styrene
(99 %, Merck) was passed through a column of basic alumina (Acros) and stored at -19 °C.

Reactions and characterization methods of all molybdenum compounds were performed under
exclusion of moisture and oxygen in flame-dried Schlenk-type glassware or in an argon-filled MBraun
glovebox.

Hydrocarbon solvents (THF, n-pentane) were dried using an MBraun solvent purification system (SPS-
800). THF was additionally distilled under nitrogen from potassium before storage over 4 A molecular
sieves. Prior to use, dimethyl sulfoxide (DMSQO) was distilled under nitrogen from CaH; and methanol
(MeOH) was distilled under nitrogen from magnesium. Dimethyl formamide (DMF) and
dichloromethane (DCM) were purchased as analytical grade and used as received.

Deuterated solvents were obtained from Carl Roth GmbH (99.5 atom % D). Prior to use, DMSO-ds was
distilled from CaH, stored and over molecular sieves (4 A). CDClswas distilled, degassed and stored over
molecular sieves (4 A). THF-ds was stored over a Na/K alloy.

[Mo2(0AC))™ and 2,2,6,6-tetramethyl-1-(1-phenylethoxy)piperidine®? were synthesized according to
literature procedures. The deuterated complex [Mo,(OAc)4]-d12 was synthesized according to the
procedure for the non-deuterated compound,' applying acetic acid-ds and acetic anhydride-ds.

Instrumentation

NMR spectra were recorded on a Bruker Avance 400 (400 MHz) spectrometer. 'H and C{*H} NMR
chemical shifts were referenced to the residual solvent resonances of CHCl;, DMSO or THF and are
reported relative to tetramethylsilane (TMS). 2H NMR measurements were performed in non-
deuterated THF. Abbreviations used in the compounds’ analysis include singlet (s), broad singlet (bs),
doublet (d), triplet (t), quartet (q) and unresolved multiplet (m). The diffusion coefficients were
measured with Diffusion Ordered NMR Spectroscopy (DOSY) experiments, using a Bruker Smart VT unit
to control the temperature which was calibrated to be exactly 298 K.

Size-exclusion chromatography (SEC) measurements were performed on a PL-SEC 50 Plus (Polymer
Laboratories, Varian), running on tetrahydrofuran (THF) (HPLC-grade). The applied columns were a PLgel
Mixed C guard column (50 x 7.5 mm), followed by three PLgel Mixed C linear columns (300 x 7.5 mm,
5um beadsize) and a differential refractive index (RI) detector. The device was operated at 35 °C column
temperature with a flow rate of 1 mL'‘min?. The columns were calibrated using linear polystyrene
standards ranging from 476 to 2.5 x 108 g:mol™*. The measured samples were dissolved in THF (2 mg-mL
1) and filtered through PTFE membranes with a pore size of 0.2 um prior to injection. To obtain M, and
D values, the integration of the polymer peak was carried out from low elution times to approximately
40 minutes due to overlap with an SEC system peak. No baseline correction was performed.
Consequently, M, and P values are estimates.

IR spectra were obtained on a Bruker Tensor 37 FTIR spectrometer, equipped with a room temperature
DLaTGS detector and a diamond ATR (attenuated total reflection) unit. Abbreviations used in the
compounds’ analysis include very strong (vs), strong (s), medium (m), weak (w) and very weak (vw).
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Raman spectra were obtained on a Bruker MultiRam spectrometer. Abbreviations used in the
compounds’ analysis include very strong (vs), strong (s), medium (m), weak (w) and very weak (vw).

Elemental analyses were carried out with an Elementar Micro Cube.

Ultraviolet-visible (UV-Vis) spectra were recorded on a VARIAN Cary 50 Scan UV-Visible
Spectrophotometer. Spectra were recorded in THF at room temperature and collected between 200
and 800 nm. Samples were baseline corrected with respect to the pure solvent. For the Cu, species a
concentration of approx. 0.5 mg-mL? was applied; for the Mo, species a concentration of approx.
0.1 mg-mL™.

Abbreviations

approx. approximately

ATR attenuated total reflection
calcd. calculated

DCM dichloromethane

DMACc dimethylacetamide

DMSO dimethyl sulfoxide

equiv. equivalents

R infra-red

MeOH methanol

NMR nuclear magnetic resonance
OAc acetate

oD optical density

d. (NMR) quaternary

R refractive index

SCNP single-chain nanoparticle
SEC size exclusion chromatography
THF tetrahydrofuran

UV-Vis ultraviolet-visible

XRD X-Ray diffraction
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Synthesis

Copolymerization of 4-vinyl-benzoic acid and styrene (Pacid)
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Initiator Styrene 4-Vinylbenzoic acid Pacid

Scheme S1. Nitroxide mediated polymerization of styrene and 4-vinylbenzoic acid, applying the initiator 2,2,6,6-tetramethyl-1-
(1-phenylethoxy)piperidine, resulting in copolymer Pacig.

2,2,6,6-Tetramethyl-1-(1-phenylethoxy)piperidine (9.00 mg, 34.4 umol, 1.00 equiv.) (synthesized
according to literaturel), styrene (2.64 g, 25.3 mmol, 735 equiv.) and 4-vinylbenzoic acid (178 mg, 1.21
mmol, 35.0 equiv.) were dissolved in 1.45 mL of degassed DMF. While stirring, the solution was
degassed with N, for 30 min. Subsequently, the reaction mixture was heated at 125 °C for 9 h. Cooling
to ambient temperature and opening the flask to air, quenched the reaction. After diluting with DCM,
the polymer Pacg Was precipitated twice into cold MeOH, resulting in a white powder. Characterization
via *H NMR spectroscopy revealed a monomer ratio of approximately 1:14, regarding the higher amount
to styrene (0.65 mmol of benzoic acid functionality in 1.00 g Pacid).

SEC characterization (THF, RI) resulted in a number average molecular weight of M, = 32 200 g mol?
and a polydispersity of D =1.2.

'H NMR (400 MHz, THF-ds): 6 [ppm] = 11.2 (bs, COOH), 7.91 — 7.51 (m, CH-benzoic acid, H3), 7.25 - 6.27
(m, CH-aromatic), 2.59 — 2.83 (m, H-backbone).

IR (ATR): ¥ [cm™}] = 3082 (vw), 3060 (w), 3026 (s), 3002 (vw), 2923 (s), 2849 (w), 1734 (m), 1690 (m),
1603 (m), 1582 (vw), 1493 (s), 1451 (s), 1423 (w), 1369 (vw), 1315 (vw), 1285 (w), 1179 (w), 1156 (vw),
1086 (vw), 1028 (w), 907 (vw), 856 (vw), 756 (s), 698 (vs), 540 (m).

Raman (solid state): ¥ [cm™] = 3055 (s), 3002 (vw), 2978 (vw), 2903 (m), 2851 (w), 1604 (s), 1584 (m),
1451 (w), 1329 (vw), 1183 (m), 1156 (w), 1032 (m), 1002 (vs), 798 (w), 662 (m), 224 (w).
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Cu2-SCNPs
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Scheme S2. Intramolecular folding of copolymer Pacig, by addition to a Cu(ll) acetate solution, resulting in the formation of Cuy-
SCNPs. To ensure the collapse into a more compact particle, a carboxylate exchange of at least two acetate ligands is necessary.
The depicted folding unit illustrates a replacement of all four acetate ligands by the benzoic acid moieties of Pacid.

4.60 mg of copper(ll) acetate (11.5 umol, 0.25 equiv.) was dissolved in 25 mL of THF (¢ =4.6 - 10* mol-L°
1). 70.0 mg of copolymer Pagg (45.5 umol benzoic acid functionality, 1.00 equiv.) was dissolved in 100 mL
of THF. While stirring the metal-salt solution, the polymer solution was added dropwise with a dropping
rate of ~ 5 mL-hl. After complete addition (20 h), the blue solution was stirred for additional 4 h. The
solution was concentrated under reduced pressure and subsequently precipitated into cold MeOH. The
solid was filtered off and dried under vacuum, obtaining Cu,-SCNPs.

SEC characterization (THF, RI) resulted in a number average molecular weight of M, = 24 500 g mol*
and a polydispersity of D =1.2.

'H NMR (400 MHz, THF-ds): 6 [ppm] = 7.95 — 7.51 (m, CH-benzoic acid), 7.59 — 5.82 (m, CH-aromatic),
2.36 — 0.62 (m, H-backbone) — The multiplet resonance at 6 = 7.95 — 7.51 ppm (CH-benzoic acid) is
significantly broadened, compared to Pacg, due to the coordination of paramagnetic Cu(ll) ions. At 6 =
11.2 ppm a singlet resonance is detected for R-COOH, indicating free carboxylic acid moieties, most
likely due to an axial coordination of the acidic functionalities to the Cuy* moieties.

IR (ATR): ¥ [cm™}] = 3083 (vw), 3060 (w), 3026 (s), 3001 (vw), 2923 (s), 2849 (w), 1733 (w), 1691 (w),
1619 (m), 1603 (m), 1583 (vw), 1565 (vw), 1493 (s), 1452 (s), 1407 (s), 1374 (vw), 1181 (w), 1155 (vw),
1070 (vw), 1028 (w), 907 (w), 857 (vw), 757 (s), 698 (vs), 540 (m).






