


1. Supplementary Figures

Scheme S1 Convergent synthetic strategy adopted to prepare target rotaxanes 1, 2, and 3.
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(a) tosyl chloride, dichloromethane, 0°C for 4 h then rt for 12 h, 45% yield; (b) sodium azide, dimethylformamide,
80°C, 12 h, 90% vyield; (c) 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide (EDC), dimethylaminopyridine (DMAP),
dichloromethane, rt, 12 h, 85% vyield; (d) Cu(CH;CN),][PF¢], dichloromethane/acetonitrile (7:3, v/v), rt, 12 h,
qguantitative (by TLC); (e) copper iodide, sodium ascorbate, sulfonated bathophenathroline, 1,8-
Diazabicycloundec-7-ene (DBU), dichloromethane/water/ethanol (1:1:1, v/v), 70°C, 12 h. Ar = 3,5-di-tert-

butylphenyl.



2. Structural Characterization
2.1. MALDI-TOF Mass Spectrometry

MALDI-TOF analysis in positive mode for all rotaxanes revealed the expected ion mass peak corresponding to the
molecular mass of the rotaxanes lacking the PFs~ counter-ion as well as the classical fragmentation pattern
observed for [Cu(phen),]*-based interlocked systems upon ionization.** For example, a MALDI-TOF spectrum of
rotaxane 2 (Figure S1) clearly reveals the ion mass peak at m/z 3939.9 (rotaxane 2 - PF¢) corresponding to the
proposed rotaxane structure. The latter comes along with two extra ion mass peaks both with high intensity.
These peaks correspond to a fragment lacking the fullerene (m/z 3219.4), suggesting rupture of the cyclopropane
moiety that links the carbon cage to the phen-macrocycle, and to the thread component coordinated to a Cu ion

(m/z 2522.8), indicating further rupture and loss of the phen-macrocycle.
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Fig. S1: MALDI-TOF mass spectrum of rotaxane 2. Positive mode, a-cyano-4-hydroxycinnamic acid (CCA) used as
matrix.

It is interesting to note that the ion mass peak at m/z 3219.4 appears as doublets, while the peak at m/z 2522.8
appears as a triplet. The doublets have a difference of m/z 28, while the triplet signal has a difference of m/z 28
and 62. We propose that the extra peaks that appear at m/z 28 units lower in the MALDI spectrum correspond
to species that had lost a single N, molecule due to fragmentation of the triazole ring upon ionization.> ¢ The
species detected at m/z 62 units lower corresponds to the protonated thread fragment lacking the Cu ion. The
minor peaks in the MALDI spectrum likely correspond to unusual fragments of the rotaxane structure since

increasing the laser power during the MALDI experiments increases the intensity of those minor peaks while



significantly decreasing the peak corresponding to rotaxane 2. Similar MALDI spectra were obtained for

rotaxanes 1 and 3.

2.2. H Nuclear Magnetic Resonance — NMR

IH NMR investigation revealed that rotaxanes 1, 2, and 3 are very flexible structures existing in several
interconverting conformations with complex dynamics on the NMR time scale. It is safe to assume that they are
driven by secondary interactions between the chromophores.” 2 713 Variable temperature 'H NMR studies on
rotaxane 1 in DMF-d, showed increasing broadening of the peaks at lower temperatures with no coalescence
even at temperatures as low as 233 K. A somewhat cleaner spectrum was obtained at 100°C, which allowed us
to identify key protons of the proposed structure, namely the pyrrolic protons of the porphyrin between 8.92 and
8.86 ppm, the triazole proton at 8.05 ppm, and the ferrocene nuclei'® 4 at 4.71, 4.33 and 4.01 ppm as well as the
protons attached to the phenyl rings linked to positions 2 and 9 of the phen moieties, which appears in the usual
upfield region at 7.42, 7.22, 6.18, 6.09 ppm, confirming that the two phen groups are entwined around the Cu(l)
template ion.'® For rotaxanes 2 and 3, which bear phthalocyanines, aggregation is evident in the *H NMR spectra
even at high temperatures. Although some key features of the proposed rotaxane structures can be safely

assigned, the signals are unfortunately too broad for a detailed analysis.



3. Ground State Interactions
3.1. Electrochemistry

To probe the redox properties of the electron donor-acceptor rotaxanes (1-3) as well as the corresponding
reference compounds (4-12) square wave voltammetry and differential pulse voltammetry experiments were
carried out in dichloromethane (DCM) in the presence of 0.1 M tetrabutylammonium hexafluorophosphate
(TBAFPFg) as supporting electrolyte and ferrocene/ferrocenium as internal reference. Table S1 summarizes the

electrochemical data with all redox potentials reported in volts (V) relative to the ferrocene couple (Fc/Fc+).

While the C4, reference 10 was inactive under oxidative conditions, one-electron reductions were observed at
—-1.06 and -1.44 V resembling the trend found for pristine Cg,.2%'8 Due to the partial loss of m-conjugation, 10
reveals a shift towards more negative reductions when compared to pristine C¢y. ZNTPP (11) exhibits one-electron
oxidations at +0.28 and +0.62 V. Zn'Bu,Pc (12) features only one oxidation at +0.22 eV within the electrochemical
window. Catenane 9 reveals a single oxidation at +0.16 V, which correlates with the one-electron oxidation of
the copper center, namely [Cu(phen),]*/[Cu(phen),]>*.% 7 Cgo-[Cu(phen),]* catenane 8 shows two one electron
reductions at —1.12 and -1.48 V, corresponding to Cgocentered processes. In addition, the one-electron oxidation
of [Cu(phen),]* evolves at +0.16 V. To this end, the presence of Cg, has no notable impact on the [Cu(phen),]*
oxidation. Reference thread 5 features two oxidations at +0.26 and +0.62 V, corresponding to the oxidation of
ZnP. A third oxidation at -0.01 V assigned to the ferrocene oxidation is shifted by 0.01 V to lower potentials
compared to the ferrocene reference. In rotaxane 4, three oxidations are discernible. The first oxidation at +0.03
Vis assigned to a ferrocene centered process. The second oxidation at +0.28 Vis twice in intensity when compared
to the one at +0.03 V. Thus, we hypothesize that it corresponds to the coalescence of a [Cu(phen),]* as well as a
ZnP oxidation.! Finally, the third oxidation at +0.88 V, which relates to the second oxidation of ZnP, is shifted
towards more positive potentials when compared to ZnTPP and reference 11. It is likely that the presence of
[Cu(phen),]* impacts the ZnP oxidation. Thread reference 7 is inactive under reductive conditions. Under
oxidative conditions, two oxidations are discernible for 7 at +0.21 and +0.75 V. Considering that the former is
broader and more intense, we assume that it is a superimposition of the first ZnP oxidation and the first ZnPc
oxidation. The second oxidation is assigned to the second oxidation of ZnP. A similar conclusion is derived for
reference 6. Here, the first oxidations of ZnP, ZnPc, and [Cu(phen),]* cannot be clearly resolved at about +0.20 V,
while the second ZnP oxidation sets in at ~0.7 V. No reduction peaks were observed within the electrochemical

window of DCM.



Table S1 Oxidation and reduction potentials. All redox potentials reported in volts (V) are relative to the ferrocene
couple (Fc/Fc*) as internal reference. Electrolyte: 0.1 M TBAFPFg in dichloromethane (DCM) or ortho-

dichlorobenzene (0-DCB). P = porphyrin and Pc = phthalocyanine.

Solvent Oxidation Reduction
pe+/p2* P/P*+ Pc/Pc* Cu*/Cu?* Fc/Fct Ceo/Ceo"™ Ceo" /Ceo®
1 DCM 0.88 0.24 - 0.24 0.04 -1.09 -1.45
2 DCM 20 0.18 0.18 0.13 - -1.13 -1.54
3 DCM - - 0.18 0.18 -0.05 -1.10 -1.55
4 DCM 0.88 0.28 - 0.28 0.03 - -
5 DCM 0.61 0.26 - - -0.01 - -
6 DCM 0.74 0.20 0.20 0.20 - - -
7 DCM 0.75 0.21 0.21 - - - -
8! o-DCB - - - 0.16 - -1.12 -1.48
90  o-DCB - - - 0.16 - - -
10 DCM - - - - - -1.06 -1.44
11 o-DCB 0.62 0.28 - - - - -
12 DCM - - 0.22 - - - -
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Fig. S2 UV/Vis absorption spectra of reference compounds 9 (olive), Cg, reference 10 (black), ZnTPP 11 (magenta)
and ZnPc 12 (cyan) in PhCN.
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Fig. S3 Left: normalized UV/Vis absorption spectra of reference compounds 4 (black) and 5 (red) in PhCN. Right:
UV/Vis absorption spectra of reference compounds 6 (black) and 7 (olive) in PhCN.



4. Excited State Interactions
4.1. Emission Spectroscopy

Table S2 Fluorescence parameters and fluorescence lifetimes in THF at 298 K in air-equilibrated solutions.?

Aexc (NM) Amax
Compound Excited State T (ns) O; Eoo (eV)
(nm)
1 420 Fc—ZnP*—[Cu(phen),]*—Ceo 602 0.82 0.02 2.06
320 Fc—ZnP-[Cu(phen),]**-Cqo 755 - 3.6x10% 1.64
2 420 ZnP*-ZnPc—[Cu(phen),]*—Cqq 602 <0.15 0.006 2.06
610 ZnP-ZnPc*-[Cu(phen),]*-Cs 686 1.7 0.12 1.81
3 610 Fc—ZnPc*—[Cu(phen),]*—Cso 679 21 0.15 1.83
4 420 Fc-ZnP*—[Cu(phen),]* 604 0.81 0.02 205
320 Fc-ZnP-[Cu(phen),]** 756 - 7.5x10* 1.64
5 420 Fc-ZnP*-(phen) 603 1.8 0.04 2.06
6 420 ZnP*-ZnPc—[Cu(phen),]* 603 0.19 0.008 2.06
610 ZnP-ZnPc*-[Cu(phen),]* 688 1.6 0.07 1.80
7 420 ZnP*-ZnPc—(phen) 602 0.15 0.004 2.06
610 ZnP-ZnPc*—(phen) 686 23 0.13 1.81
8 320 [Cu(phen),]**-Cqo 765 - 2.5x10* 1.62
350 [Cu(phen),]*-Cgo* 710 - 2.3x10° 1.75
gk 320 [Cu(phen),]** 759 25 4.8x103 1.63
10 350 1*Cc,.malonate? 715 1.48 1.0x103% 1.73
11 420 ZnTPP* 602 2.0 0.04 2.06
12 610 ZnPc* 679 3.7 0.3 1.83

2 Amax = €mission maxima; t = fluorescence lifetime; ®; = fluorescence quantum yields; Eyy = Energy of the
corresponding excited state relative to the ground state, calculated from the emission maximum (Ana); © from

reference 3.
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Fig. S4 Left: emission spectra of Fc-ZnP-[Cu(phen),]*-C¢ 1 (red) and ZnTPP 11 (magenta) in THF upon excitation at
420 nm (OD = 0.045). Right: Emission spectra of reference compounds 4 (red) and 5 (black) in THF upon excitation

at 420 nm (OD = 0.052).
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Fig. S5 Left: emission spectra of ZnP-ZnPc-[Cu(phen),]*-Cg, 2 (olive) and Zn'Bu,Pc (cyan) in PhCN upon excitation
at 650 nm (OD = 0.09); Right: emission spectra of reference compounds 5 (olive) and 6 (black) in PhCN upon

excitation at 650 nm (OD = 0.06);
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Fig. S6 Emission spectra of ZnPc-Fc-[Cu(phen),]*-Cs, 3 (blue) and the ZnPc reference 12 (cyan) in PhCN upon

excitation at 610 nm (OD = 0.21).
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