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Supporting Information

Experimental section

General: '"H NMR and "“C NMR spectra were measured on a Briiker AV-400
spectrometer. The electronic spray ionization (ESI) mass spectra were tested on a LCT
Premier XE mass spectrometer. The UV-Vis absorption spectra and fluorescence
spectra were obtained on a Varian Cary 100 spectrometer and a Varian Cary Eclipse
(1-cm quartz cell used), respectively. The fluorescence lifetime measurements were
performed by using the Time Correlated Single Photon Counting (TCSPC) technique
following excitation by nanosecond flash lamp (Edinburgh instruments FL920).
HPLC analyses were determined by Agilen 1100 eluted by CH3CN at a flow rate of
1.0 mL/min. The photoirradiation was carried on a CHF-XM 500-W high-pressure
mercury lamp in a sealed Ar-saturated 1 cm quartz cell. The distance between the
lamp and the sample cell was 20 cm. Photostationary states were ensured by
monitoring composition changes in time by taking UV spectra at distinct intervals
until no changes were observed. The fluorescence intensity of all compounds that

contain 4-morpholin-naphthalimide was normalized.

Materials: Chemicals were used as received from Acros, Aldrich, Fluka, or Merck.
All solvents were reagent grade, which were dried and distilled prior to use according
to standard procedures. The molecular structures were confirmed via 'H NMR, *C
NMR and high-resolution ESI mass spectroscopy. Compound 4, 7, 9, 10, 13 and 14

were synthesized and purified acoording to the references 1-6, respectively.
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Scheme S1. Preparation of compound 8 and 12

Synthesis of compound 6

6-Morpholin-4-yl-benzo[de]isoquinoline-1,3-dione 4 (1.00 g, 3.54 mmol) was
dissolved in dimethylformamide (30 mL), and sodium methoxide (0.172 g, 3.186
mmol) was added. After stirring at room temperature for 1 h, the resulting transparent
solution was added dropwise to a solution of 1,4-bis(bromomethyl)benzene 5 (0.934 g,
3.54 mmol) in DMF (20 ml). Then the solution was stirred for another 3 h. The yellow
precipitates were filtered, washed with water and dried. The crude product was
purified via column chromatography (SiO,, CH,Cl,) to give compound 6 (1.15 g,
70%) as a yellow solid. "H NMR (CDCls, 400 MHz, 298 K): 6 8.59 (d, J= 6.8 Hz, 1H,
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Hs), 8.54 (d, J = 8.1 Hz, 1H, Hs), 8.42 (d, ] = 7.6 Hz, 1H, Hs), 7.70 (dd, J = 8.2 Hz,
7.5Hz, 1H, Hy), 7.51 (d, J = 8.1 Hz, 2H, H,7), 7.31 (d, J = 8.0 Hz, 2H, Hyg), 7.23 (d, J
= 8.0 Hz, 1H, Hy), 5.35 (s, 2H, Hao), 4.4 (s, 2H, Hys), 4.01 (t, J = 4.4 Hz, 4H, H,),
3.26 (t,J = 4.4 Hz, 4H, H;). *C NMR (CDCLs, 100 MHz, 298 K): § 164.4 (C-), 163.9
(Ci3 Cia), 155.8 (Cig), 137.8 (Cs), 136.8 (Ca), 132.8 (C1o), 131.4 (Cs), 130.3 (Cis),
129.9 (Cy), 129.4 (Co), 129.1 (Ci7), 126.2 (C1o), 125.9 (C11), 123.2 (C12), 117.0 (Cy),
115.0 (C2), 66.9 (C1), 43.1 (Cys), 33.3 (Ca0). HRMS (ESI) (m/z): [M + Na]" caled for
Ca4H,BrN;NaOs, 487.0633; found, 487.0637.

Synthesis of compound 8

A mixture of compound 6 (0.2 g, 0.43 mmol), 4-(2-propynyloxy)benzylamine 7 (0.35
g, 2.15 mmol), K,CO;(0.12 g, 0.86 mmol) in acetonitrile (15 ml) was stirred under
reflux for 12 h. After the reaction mixture had been cooled to room temperature,
solvent was removed under reduced pressure. The residue was purified via column
chromatography (SiO,, CH,Cl,/MeOH = 30/1) to give a yellow solid. The yellow
solid (0.19 g, 0.35 mmol) was dissolved in MeOH (20 ml), and HCI1 (6 M, 2 ml) was
added. After stirring for a few minutes, the solvent was removed under reduced
pressure. The residue was dissolved in MeOH (20 ml), followed by the addition of
saturated NH4PFg solution. After the mixture was stirred for 2 h, the mixture was
extracted with CH,Cl, (3 x 20 ml). The combined organic layer was evaporated, and
the residue was purified via column chromatography (Si0,, CH,Cl,/MeOH = 30/1) to
give 8 (0.12 g, 50%) as a yellow powder. 'H NMR (CD;COCD3, 400 MHz, 298 K): &
8.59 (d, J=8.4 Hz, 1H, H3), 8.54 (d, J= 7.2 Hz, 1H, Hs), 8.48 (d, /= 8.0 Hz, 1H, Hy),
7.81 (dd, J= 8.4 Hz, 7.3Hz, 1H, Ha), 7.49 (br d, /= 7.2 Hz, 6H, Hy7 His H»3), 7.39 (d,
J=8.4 Hz, 1H, Hg), 7.03 (m, 2H, Ha4), 5.32 (s, 2H, Hy), 4.80 (d, /= 2.4 Hz, 2H, H;s),
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4.46 (d, J = 4.0 Hz, 4H, Hy Ha)), 3.97 (t, J = 4.4Hz, 4H, H,), 3.29 (t, J = 4.4Hz, 4H,
H)), 3.10 (t, J = 2.4 Hz, 1H, Hyg). °C NMR (CD3COCDs, 100 MHz, 298 K): J 164.8
(C7), 164.2 (Ci3 Cia), 159.3 (Cas), 157.1 (Cis), 140.3 (Co), 133.3 (C3), 132.4 (Cs),
131.8 & 131.7 (Ca3), 130.9(C1o), 130.6 (Cig), 129.4 (Cy), 127.0 (Ce), 126.9 (Cyo C17),
125.6 (C11 Ca), 124.0 (C12), 117.4 (Cy), 116.1 & 116.0 (Caq), 79.5 (Ca7), 77.2 (Cag),
67.4 (Ca), 56.3 (Ca), 54.3 (Cao Ca1), 52.2 (C)), 43.5 (Cis). HRMS (ESI) (m/z):
[M-PF¢]" caled for C34H3,N304, 546.2393; found, 546.2388.

Synthesis of compound 11
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A mixture of dimethyl 5-hydroxyisophthalate propargyl ether 9 (1.00 g, 4.03 mmol),
1,10-decanediazide 10 (1.81 g, 8.06 mmol), Cul (0.153 g, 0.806 mmol), and
N,N-diisopropylethylamine (1.04 g, 8.06 mmol) in anhydrous THF (20 ml) was
stirred at room temperature for 12 h under nitrogen atmosphere. The resulting
suspension was filtered, and the filtrate was evaporated under reduced pressure. The
residue was partitioned in H,O/CH,Cl,. The organic layer was dried with Na,SO,4 and
filtered, and the filtrate was evaporated to dryness. The residue was purified via
column chromatography (SiO,, CH,Cly/petroleum ether = 1/1) to give 11 (2.66 g,
90%) as a white solid. '"H NMR (CDCls, 400MHz, 298 K): & 8.28 (s, 1H, Hys), 7.82 (s,
2H, Hy3), 7.61 (s, 1H, Hag), 5.26 (s, 2H, H42), 4.34 (t, /= 7.2 Hz, 2H, Hss), 3.91 (s, 6H,
Hag), 3.23 (t, J= 6.9 Hz, 2H, Hy), 1.89 (m, 2H, H37), 1.57 (m, 2H, Hsy), 1.28 (br, 12H,
Hi136). °C NMR (CDCls, 100 MHz, 298 K): 6 165.9 (C47), 158.3 (Cas), 143.2 (C4)),
131.9 (Cap), 123.5 (Cu2), 122.6 (Cs9), 120.1 (Ca3), 62.5 (Csz), 52.4 (Cs8),51.4 & 50.5
(Cas), 30.2 (Cyp9), 29.3 & 29.2 & 29.0 & 28.9 & 28.8 & 26.6 & 26.4 (C30.37). HRMS
(ESI) (m/z): [M + Na]" caled for Cp3H3,N¢NaOs, 495.2332; found, 495.2326.
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Synthesis of compound 12
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A solution of 11 (1 g, 2.12 mmol) in CH3I (15 ml) was stirred at 40 ‘C for 12 h. The
reaction mixture was cooled to room temperature, and CH3l was evaporated off in
vacuo. The residue was dissolved MeOH (15 ml), followed by the addition of
saturated NH4PFg solution. After the mixture was stirred for 2 h, the mixture was
extracted with CH,Cl, (3 x 20 ml). The combined organic layer was evaporated, and
the residue was purified via column chromatography (SiO,, CH,Cl,/MeOH = 100/1)
to give 12 (1.07 g, 80%) as a white powder. 'H NMR (CDCls;, 400MHz, 298 K): &
8.52 (s, 1H, Hsy), 8.28 (s, 1H, Has), 7.77 (s, 2H, Ha3), 5.39 (s, 2H, H4y), 4.54 (t, J=7.4
Hz, 2H, Hssg), 4.34 (s, 3H, Hap), 3.91 (s, 6H, Hag), 3.25 (t, J = 6.8 Hz, 2H, Hyy), 2.01
(m, 2H, Hs7), 1.58 (m, 2H, Hs), 1.28 (br, 12H, Hs;_3). °C NMR (CDCl3, 100 MHz,
298 K): 0 165.5 (Cy47), 156.8 (Cas), 139.1 (C4y), 132.3 (Csg), 129.9 (Cys), 124.7 (Css),
119.7 (Cs3), 58.1 (Cs2), 54.4 & 52.6 (Csg), 51.4 (Cag), 38.6 (Cao), 29.2 & 29.1 & 29.1
& 29.0 & 28.8 & 28.7 & 26.6 & 26.0(C30.37). HRMS (ESI) (m/z): [M-PF4]" caled for
C24H35N6Os, 487.2669; found, 487.2671.
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Scheme S2. Preparation of compound 3-o and its photoinduced reversible

interconversions between two states.

Synthesis of compound 3-o

To the solution of 1,2-bis(5-chloro-2-methylthien-3-yl) cyclopentene 13 (0.50 g, 1.52
mmol) in anhydrous THF (10 ml), n-BuLi (0.5 ml of 2.5M solution in hexane, 1.6
mmol) was added using a syringe in two portions under nitrogen at -78°C and then
stirred for 1 h. After Tri-n-butyl borate (98%, 0.5 ml, 1.6 mmol) was added, the
reddish solution was stirred for 8§ h at room temperature. A mixture of
4-bromo-dibenzo-24-crown-8 14 (0.8 g, 1.52 mmol) and Pd(PPh;)s (0.10 g) was
stirred in THF (10 ml) for 15 min at room temperature. Then aqueous Na,CO3 (10 ml,
2M) was added. The reactive mixture was stirred at 50°C, and the reddish solution of
BTE-containing boronic acid dibutyl ester was added dropwise via a syringe.
Subsequently, the mixture was refluxed for 24 h and cooled to room temperature. The
reactive mixture was poured into H,O and extracted with CH,Cl, and dried with
anhydrous Na,SO4. The residue was purified via column chromatography (SiO,,
CH,CL/MeOH = 50/1) to give compound 3-0 (0.3 g, 28 %). 'H NMR (CDCls, 500
MHz, 298 K): ¢ 7.20-7.10 (m, 2H, Hy H;), 7.10-7.02 (m, 5H, H, H; H;), 6.89 (s, 1H,
Hn), 6.63 (s, 1H, Hy), 4.35-4.27 (m, 8H, Hy), 3.83-3.76 (m, 8H, H.), 3.67-3.60 (d, J =
4.9 Hz, 8H, Hy), 2.82 (t,J = 7.2 Hz, 2H, Hy), 2.74 (t, J = 7.3 Hz, 2H, Hy), 2.10-2.03 (m,
2H, H,), 2.02 (s, 3H, Hy), 1.77 (s, 3H, H,). BC NMR (CDCl;, 100 MHz, 298 K):
148.28 (C,), 148.05 & 138.40 (Cy), 136.45 & 135.36 & 135.25 & 134.56 & 133.97 &
133.33 (C, G, C; C; Cp Cx Cy), 126.92 (Cy), 124.83 (Cy), 124.12 (Cy), 123.63 (C,),
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120.62 (C)), 117.16 (Cy), 116.78 & 116.70 (Cp), 113.82 (Ci), 77.34 (Cy), 77.02 (Co),
76.71 (Cy), 38.24 (Cq Cs), 22.93 (Cy C, C,). HRMS (ESI) (m/z): [M + Na]" calcd for
CioHusCINaOsS,, 763.2142; found, 763.2140.
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A mixture of 8(20 mg, 0.03 mmol), 12 (37.9 mg, 0.06 mmol), and Cu(CH3;CN)4PF¢
(11.2 mg, 0.03 mmol) was stirred in dry CH,ClI, (1 mL) at room temperature for two
days. After removal of the solvent, the residue was purified via column

chromatography (SiO,, CH,Cl,/MeOH = 15/1) to give compound 2-H (33.7 mg, 50 %)
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as a yellow solid. "H NMR (CD;COCD3, 500 MHz, 298 K): 6 9.10 (s, 1H, Hs), 8.63
(d, J=8.5Hz, 1H, H3), 8.57 (d, J=7.5 Hz, 1H, Hs), 8.51 (d, /= 8.0 Hz, 1H, Hy), 8.27
(s, 1H, Has), 8.07 (s, 1H, Has), 7.90 (s, 2H, Has), 7.84 (t, J= 7.5 Hz, 1H, Hy), 7.51 (d,
J=5.5Hz, 6H, Hj7; & His & H»3), 7.42 (d, J = 8.0 Hz, 1H, Hg), 7.10 (d, J = 8.5 Hz,
2H, Ha4), 5.81 (s, 2H, H4z), 5.34 (s, 2H, Hag), 5.18 (s, 2H, His), 4.84 (t, J= 7.0 Hz, 2H,
Hss), 4.60 (s, 3H, Hag), 4.56 (m, 4H, Hy & Haz1), 4.41 (t, J= 7.3 Hz, 2H, Hay), 3.98 (t,
J=4.5Hz, 4H, H,), 3.94 (s, 6H, Hag), 3.31 (t, /= 4.5 Hz, 4H, H,), 2.11 (m, 2H, H3,),
1.90 (m, 2H, Hsp), 1.37 (m, 12H, H3,.36). °C NMR (CDsCOCD3, 100 MHz, 298 K): &
166.0 (C47), 164.8 (C7), 164.3 (Cas), 160.4 (Cy3 Cy4), 158.6 & 157.1 (Cys), 143.8 (Cy7),
140.6 (Cyg), 140.5 (C4; C;5 Cy), 133.3 & 133.3 & 132.7 & 132.6 & 131.8 & 131.7 &
131.1 & 131.0 & 130.9 & 130.7 & 129.8 & 129.4 & 128.7 (Cs Cp3C39 C46C4CsCi3
Ci9), 127.0 & 126.9 (Cy7), 124.6 & 124.5 & 124.2 & 124.0 (Cy; Cyi9 C1y), 122.6 (Cys),
120.7 (C12Cag), 117.4 & 116.6 & 116.3 & 116.1 & 116.0 (Cg Cp4 Ca3), 67.4 (Cy), 62.4
(C2), 59.8 (Cs2), 54.9 & 54.3 & 52.9 & 52.2 &52.1 (Cy9 Csg Cyo Cy1 Cag), 50.6 (C)),
43.5 (Cis), 39.3 (Cq0), 31.0 & 27.0 & 26.6 (C30.37). HRMS (ESI) (m/z): [M-2PF4]*"
calcd for CsgHg7N9gOo/2, 516.7531; found, 516.7522.

Preparation of [2]rotaxane 1-H-o
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A mixture of 8 (20 mg, 0.03 mmol) and crown ether 3-o (44.5 mg, 0.06 mmol) was
stirred in dry CH,Cl, (1 mL) at room temperature for 2 h. After 12 (37.9 mg, 0.06
mmol) and Cu(CH3CN)4PFg (11.2 mg, 0.03 mmol) were added to the solution, the

mixture was stirred for two days. After removal of the solvent, the residue was
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purified via column chromatography (Si0,, CH,Cl,/MeOH = 15/1) to give compound
1-H-o (12.4 mg, 20 %) as a yellow solid. '"H NMR (CDsCOCD3, 400 MHz, 298 K): ¢
9.10 (s, 1H, H39), 8.63 (d, J = 8.4 Hz, 1H, H3), 8.56 (d, J=7.2 Hz, 1H, Hs), 8.51 (d, J
= 8.0 Hz, 1H, Hy), 8.27 (s, 1H, Has), 7.99 (s, 1H, Hag), 7.90 (s, 2H, Ha3), 7.83 (t, J =
7.8 Hz, 1H, Hy), 7.41 (dd, J = 8.4Hz, 4.0 Hz, 3H, H,7), 7.34 (d, J = 8.0 Hz, 2H, H\3y),
7.26 (d, J = 8.0 Hz, 2H, Hz3), 7.05 (s, 2H, Ha4), 6.95-6.70 (m, 9H, Ha Hb Hh Hi Hj
Hm Hy), 5.81 (s, 2H, Haz), 5.20 (m, 2H, His), 5.04 (s, 2H, Hae), 4.84 (t, J= 7.2 Hz, 2H,
Hsg), 4.72 (br, 4H, Hyo Hz1), 4.60 (s, 3H, Hao), 4.41 (t, J = 7.2 Hz, 2H, Hy), 4.26 (m,
2H, Hy), 4.19-4.10 (m, 6H, Hy), 3.97 (t, J = 4.4Hz, 4H, H,), 3.94 (s, 6H, Hag), 3.90 (m,
2H, H.), 3.88-3.80 (m, 6H, He), 3.70-3.57 (m, 8H, Hy), 3.30 (t, J = 4.4Hz, 4H, H,),
2.11 (m, 2H, Hs7), 1.99 (s, 3H, Hy), 1.91 (s, 3H, H,), 1.89 (m, 2H, H3), 1.30 (m, 12H,
Hi136). °C NMR (CD;COCDs, 100 MHz, 298 K): 6 166.1 (C47), 164.8 (C,), 164.3
(Caa), 160.1 (Cy3 Ci), 158.7 & 157.1 (Cys), 148.9 & 148.6 & 148.6 & 148.1 (C. Cyp),
144.0 (Cy7), 140.8 & 140.5 & 140.0 (Ci6 C41 C3 Cy), 137.4 & 136.7 & 136.7 & 134.7
& 1344 & 1343 (C, C, C; G C,, C Cy), 1334 & 1319 & 131.9 & 131.8 & 1309 &
130.8 & 130.4 & 129.3 & 128.8 & 128.3 (Cs5 Ca3 C39 Cy46C4 CsCi5Ci9), 127.1 & 127.0
(C17Cy), 1255 & 1252 & 124.7 & 124.6 & 124.6 & 124.2 (Cy Cip C11 Cy Ci Cy),
122.2 (Cys), 122.1 & 120.8 (Ci2 C3Cj), 119.0, 117.6 & 116.1 & 115.7 (Cg Cps Cy3Chy
Cp), 113.8 (Cy), 113.5, 110.6, 71.7 & 71.7 & 71.3 & 71.2 & 69.2 & 68.9 (C4 C. Cy),
67.5 (Cae), 62.5 (Cy), 59.9 (Cs2), 55.1 & 54.4 & 53.1 & 53.0 (Cy9 Cs3 Cyp Cy1 Cug),
50.7 (Cy), 43.6 (Cis), 39.4 (Cao), 39.0 & 38.8 (Cq Cy), 31.2 & 27.2 & 26.7 (C31.37),
237 & 145 & 144 (Cy C, C,). HRMS (ESI) (m/z): [M-2PF¢]*" caled for
Co7H112CIN9O7S,/2, 887.3670; found, 887.3704.

Molecular modelling of four states of rotaxane 1-H-o
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Figure S1. Interconversions of rotaxane 1-H-o under different combination of

chemical and photochemical stimuli.
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Figure S2. Four perspectives of the global energy minimum conformer of a)

rotaxanel-H-o, b) rotaxane 1-0, c¢) rotaxane 1-H-c, d) rotaxane 1-c.
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The photophysical properties of 1-H-o, 2-H and 3-o

Absorbance

300 400 500 600
Wavelength / nm
Figure S3. Changes in the UV/Vis absorption spectra of a dichloromethane solution

of 3-0 when irradiated with 254 nm light to reach the photostationary state. The

concentration of 3-0 in dichloromethane was 1.0 x 10 M.
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Figure S4. (a) Absorption and (b) fluorescence spectral changes of 2-H in
dichloromethane upon addition of 5 eq of DBU. The concentration of 2-H in

dichloromethane was 1.0 x 10> M.
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Figure S5. UV/Vis spectra of [2]rotaxane 1-H-o in CH,Cl, (1x10 ° M) at room
temperature in the presence of different combinations of chemical and photochemical
stimuli. a) original spectrum, b) upon addition of 5 eq DBU to solution a, c)

irradiation of solution b at 254 nm for 210 s to reach the PSS, d) after addition of 5 eq

TFA to solution c.
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Figure S6. UV/Vis spectral change of a mixture of compound 3-0 and dumbbell 2-H

at the same concentration in CH,Cl, (1x10 M) at room temperature upon irradiation

at 254 nm to reach the photostationary state.
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Figure S7. Fluorescence spectral changes of a) 1-H-o, and b) 1-H-o in the presence of

of 5 eq DBU. The concentration of 1-H-o in dichloromethane was 1.0 x 10 M.
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Figure S8. Fluorescence decay curve for 2-H in CH,Cl, solution (1x10°M).
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Figure S9. Fluorescence decay curve for 2-H in CH,Cl, solution (1x10°M) in the

presence of 5 eq DBU.
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Figure S10. Fluorescence decay curve for 1-H-o0 in CH,Cl, solution (1x10°M).
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Figure S11. Fluorescence decay curve for 1-H-o in CH,Cl, solution (1x10°M) in the

presence of 5 eq DBU..
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Figure S12. Fluorescence decay curve for 1-H-o in CH,Cl, solution (1x107° M) upon

irradiation at 254 nm to reach the PSS.
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Figure S13. Fluorescence decay curve for 1-H-o in the photostationary state (upon

irradiation at 254 nm) in CH,Cl solution (1x10°M) in the presence of 5 eq DBU.
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Figure S14. HPLC traces of 1-H-o (in CH;CN, 2.0x107> mol L™") at 25 °C eluted by
CH;CN at a flow rate of 1.0 mL/min detected at the isobestic wavelength of 335 nm:
(upper) before UV light irradiation, and (below) under UV light irradiation at 365 nm
until reaching photostationary state. The ratio of open/close form at the PSS state was

determined as 1:1.

References:

[1] Ren, J.; Zhao, X.-L.; Wang, Q.-C.; Ku, C.-F.; Qu, D.-H.; Chang, C.-P.; Tian, H.
Dyes and Pigments 2005, 64, 179-186.

[2] Wang, J.-Y.; Han, J.-M.; Yan, J.; Ma, Y.-G.; Pei, J. Chem.-Eur. J. 2009, 15,
3585-3594.

[3] Ji, F.-Y.; Zhu, L.-L.; Ma, X.; Wang, Q.-C.; Tian, H. Tetrahedron Lett. 2009, 50,
597-600.

[4] Thomas, J. R.; Liu, X.-J.; Hergenrother, P. J. J. Am. Chem. Soc. 2005, 127, 12434-
12435.

[5] (a) Lucas, L. N.; De Jong, J. J. D.; Van Esch, J. H.; Kellogg, R. M.; Feringa, B. L.
Eur. J. Org.Chem. 2003, 1, 155-156; (b) Qin, B.; Yao, R.-X.; Zhao, X.-L.; Tian, H.
Org. Biomol. Chem. 2003, 1, 2187-2191.

[6] Dixon, S.; Brown, R. C. D.; Gale, P. A. Chem. Commun. 2007, 3565-3567.



Supplementary Material (ESI) for Green Chemistry
This journal is (c) The Royal Society of Chemistry 2011

'H NMR, **C NMR and mass spectra

Compound 6

MM OS—N —QAS — WO~ o — v <t o -2 o
SREL09S RBE & 48898 - 3 €38 88
0 00 06 00 00 66 06 I~ [~ I~ I~ B~ 0~~~ " < < < < A e en
s\ I | | | ~— ~—
Py,
Aty
Br
o]
6
ST &F R 3 P
S ® S QAR ® ~ o o
. . =S — o =S . . e . ha <@ — .
0.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5
f1 (ppm)
>33 [=) v oo — o
g8 & =% S955 =58 - 22 3
IS 4 S¢S 5848 == I = = o
2L = a8 aa49d =2 NN b @ a
N | ~I | N ~I— | | | |
ey,
QN 9
s
o}
6
[— el H‘N‘x L‘ | ‘
185 170 155 140 125 110 95 85 75 65 55 45 35 25 15
f1 (ppm)
Elemental Composition Report Page 1

Single Mass Analysis

Tolerance =5.0mDa / DBE: min=-1.5 max =500
Element prediction; Off

Number of isotope peaks used for i-FIT = 4

Monoisotopic Mass, Even Electron lons
2037 formula(e) evaluated with 21 results within limits (up to 1 best isotopic matches for each mass)
Elements Used:

C:12-30 H: 050 MN: 06 O 011 Na01 Br0-8
TIAN-H LCT Premier
Key Lab for Advanced Materials — ECUST
TH-ZH-103-1 38 (1.438) Cm (29:45) 1 TOF MS ES+
1.43e+004
100+ 2742746 487 0637
1 505.0357
1 9531371
il loss 1362
1 261131 | 183018 R 951.13983°>1
1 E 465.0822 i 16 5204584 120 o48. 1504 E,sﬁ.mu
1 j 3204 ;
) LLL;J LU kb ) 1L LE pocoss ! . 819.3387 49721103 1085 5047
200 300 400 500 600 700 800 900 1000
5.0 5.0
Masa Calc. Mass mDa FPM DBE i-FIT i Horr Formula
187.0637  487.0633 .4 0.8 11.5 105.0 0 28 H21 N2 03 Na



Supplementary Material (ESI) for Green Chemistry
This journal is (c) The Royal Society of Chemistry 2011

Compound 8

NT AL THOOLOCOO—0D AT~ O s — o =] —_ o N T oAl Qs — o
SEAZINNRIIRER R L 8883 & 22 53 58 R3A¥ =33 &
00 00 00 00 00 00 00 00 00 OO~ [~ I~ [~~~ I~~~ 0~ wy <+ < < < N noen N enen N q
e e L N I N —~— — =
O/\ o}
LA o_#
L A
PFg
8
l JL
% M‘m & & =) ¥
e S v : - = ° N ]
; — — == : : = i — =, : :
9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0
f1 (ppm)
T AR 2 X3 T © o~ CAar ® O Buen—ow
q a S N N0 Sq =0 Q —~——=0 S o @EIFT VOO =3
2 g g § @gg8=Z oF © $3d @ o $Z33a =
ks - = - —_— o — &~ ~ © PR R Ta I Y Faaaa =3
[ [ e W I She | —f——— |
SPS Y
K/N O\/
4 A
PFg
8
Dokl | [mlu L. U } “X | i |
210 190 170 150 130 110 9 8 70 60 50 40 30 20 10 0 -10
f1 (ppm)
Elemental Composition Report Page 1

Single Mass Analysis

Tolerance=50mDa / DBE: min=-15 max =500
Element prediction: Off

MNumber of isotope peaks used for i-FIT = 4

Monoisotopic Mass, Even Electron lons

33 formula(e) evaluated with 1 results within limits (up to 1 best isotopic matches for each mass)

Elements Used:
C:535 H 035 MNO05 005

TIAN-H LCT Premier

Key Lab for Advanced Materials -- ECUST

TH-ZH-103-A3 31 (0.956) Cm (26:43) 1. TOF MS ES+
5.91e+005
100+ 546.2388
1
% 547.2401
i
1 548 2464 1091 4612
|
ol 30315684 400 2079 5082229 | 549.2514619.3320 7353007 g4 3889 9365168 10316578 | 1094.4789
- — - o b s e e - - — evemenn L 1
300 400 500 600 700 500 900 1000 1100
-1.5
a 5.0 50.0
Mass Calc. Mass mDa EFM DEE i-FIT i-FIT (Norm) Formula
546 =0.5 -0.9 20.5 0.0 C34 H3Z N3 o4




Compound 11

Supplementary Material (ESI) for Green Chemistry
This journal is (c) The Royal Society of Chemistry 2011

= =5 g 7t 28 T RS —3Ig T g9
aa x® 9 A a maoa q aaa a®e v A4
0 0 ~ o~ ~ v <+ <t <+ q e enen ——— ———
~ [ I I —~— —~— e A P
2 R WP
-0 O\/&/N
11
o} Q
\
S
(=3 ol o [ <t < [sa} o o O
< ) < < - < N IS
00 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05
f1 (ppm)
[ (=) (=3 0 e
& & = 8 228 BRQ S 98 X¥RSA5es=
£ % § g 888 fef g 4IZ d9agiiis
—_— — — — —_——— o~~~ =} i N LalXe Bo IS BN BN o o BN oY
o I N —— [ P
? N¢N\/\/\/\/\/\/’\‘3
- NP
11
o a
\
210 190 170 150 130 110 9 8 70 60 50 40 30 20 10 -10
f1 (ppm)
Elemental Composition Report Page 1
Single Mass Analysis
Tolerance =5.0mDbDa / DBE: min=-1.5 max = 50.0

Element prediction: Cff
Number of isotope peaks used for i-FIT = 4

Monoisotopic Mass, Even Electron lons

77 formulale) evaluated with 1 results within limits (up to 1 best isotopic matches for each mass)

Elements Used:
C:0-24 H:0-35 N:06 O 05 NaQ1

TIAN-H LCT Premier
Key Lab for Advanced Materials — ECUST
TH-ZH-103-B2 55 (1.611) Cm (55:66) 1; TOF MS ES+
1.51e+005
100-| 493.2528 967 4788
1
]
J H66.4755
%-1_ 496 2364 9454926
] 473.2500 sied ® loso.sasz
2171041 2742758 ke
sl | 220 348.3000 ( 748.5200 790 540 _970.4886 1213.5203 142397003 -
1 1 1 T 1 1 1 1 I 1 1 1 i 1 U i | 1 1
100 200 300 400 500 600 700 &00 900 1000 1100 1200 1300 1400 1500
imum: -1.5
imum: 5.0 5.0 50.0
Mass Calc. Mass mDa FFM DBE i-FIT i-FIT (Norm) Formula

H32

NG

25 HNa



Supplementary Material (ESI) for Green Chemistry
This journal is (c) The Royal Society of Chemistry 2011

Compound 12

o~ o o0 v (=3 o alen <+ v hal N A Vo Al O
n & B8 § & ARGS 3 S84 2858524 28
0 00 Ll o o~ wy < <+ <+ < Lagl N on OO o~ o —
[ ~ I I — | —~I— N1
i TN M
- 0 AN
PFg 12
o} Q
\
’Jv_' s lanl
o > o~ < o v o N O
S o S S -2 - S S 95
95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05
f1 (ppm)
wy 0 — o« O~ wvyogn — on o N o n—=oCoanaad
g ¥ a8 aag % Y¥ds Eodcawxed
—_ — — —_— = = o~ O~ o~ v nn Lagl S IS e IS BN o I o BN o I o}
I I I o —— ~Sie | St ——
9 N/\/\/\/\/\/N3
- ot
PFg 12
o} 0
\
o 1.
210 190 170 150 130 110 90 8 70 60 50 40 30 20 10 0 -10
f1 (ppm)
Elemental Composition Report Page 1

Single Mass Analysis

Tolerance =5.0mDa / DBE: min=-1.5, max=50.0
Element prediction: Off

Mumber of isotope peaks used for i-FIT = 4

Monoisotopic Mass, Even Electron lons
69 formula(e) evaluated with 1 results within limits (up to 1 best isotopic matches for each mass)

Elements Used:
C:24-24 H:0-50 N:0-6 ©O:0-10
TIAN-H LCT Premier
Key Lab for Advanced Materials — ECUST
TH-ZH-103-B3 11 (0.395) Cm (5:16) 1: TOF MS ES+
2.09e+005
- 487 2671
4882781
489 2768
413.2660 454.2810 5552581 0914883 gog o175 6843159 781.4330_824.3905 901.4661
0y  BEARREREEY | T T TTTTT T T e E - T T T miz
375 400 425 450 475 500 525 550 575 600 625 650 675 700 725 750 775 800 825 850 &75 900 925
Minimum: -1.5
5.0 5.0 50.0
Mass mDa PPM i-FIT i-FIT (Norm) Formula

0.0 C24 H35 Ne 05



Supplementary Material (ESI) for Green Chemistry
This journal is (c) The Royal Society of Chemistry 2011

Compound 3-0

SN oVvoANIAOSAalY [se) = o~ 0~ O =~ 0N W — OO — <f —  —
SoEE2dd588335g € 3 MEE 2B8LE LEKLILIS &
A N S N v R “ FETF demem AacN RS = =
ST | ~— O~ e M
VAR =
A st
Cx o
(o] o o
K/\‘/O\)
3-0
"R % 5
s 2 o S — =9 =
o~ — — oo 0 N oA A N oon
9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5
f1 (ppm)
NAO SDWVO = =~ O ol
SE5 58523 BEEE $ogE858s £ T g8 g
RET BLAR8 &S =C N RS 5 4 I p=
— e e = — — e —— o~ o~ O O O O Lag} o —— T
~— =N | — | | N~ |
VAR =
§ ¥y 2Na
Cr e
9 o
k/o\‘/o\)
3.0
N | MHMHN NS 0 | WO S A
175 155 135 115 5 80 65 50 35 20 5 -5
f1 (ppm)
Elemental Composition Report Page 1

Single Mass Analysis

Tolerance=50mDba / DBE: min=-1.5 max =500
Element prediction: Off

Number of isotope peaks used for i-FIT = 4

Monoisotopic Mass, Even Electron lons
4816 formulaie) evaluated with 12 results within limits (up to 1 best isotopic matches for each mass)

Elements Used:
C:12-40 H:0-50 O:011 Na:01 S:06 Cl0-8
TIAN-H LCT Premier
Key Lab for Advanced Materials — ECUST
TH-ZH-102-2 26 (1.005) Cm (25:44) 1: TOF MS ES+
7.19e+004
Jo0 763.2140
1 765.2122
o4l
] 766 2160
1 729.2540 _779.1887
o 1449780 _318.3020 356 9808 5311064 i L 8722154 1021.2621 -
1 T 1 T | 5 T 1 T THESEY ] T [ 1 T L | T R Y: TN 1)
100 200 300 400 500 800 700 800 900 1000 1100 1200 1300 1400 1500
Minimum: <5
imums: 5.( .0
mDa FFM DBE i-FIT (Norm) Formula

) H4S

c39
Cl



Compound 2-H

This journal is (c) The Royal Society of Chemistry 2011

Supplementary Material (ESI) for Green Chemistry

06T'1 rs

el
. (=1
Lzg'l o r
o &
18¢°1 e Tw.w L00°0-— 1 re
6651+ = [ n
. - | ©
mmﬁ . 099
= oelte 29762 o
V80T ———= 887 " 9562 o
680°C 6€8'6T
€60'C ..\.w ccnc 5 L m
601°C [oi vTToe/
(a4
- 88T6€ — — = .
] 108°€p — — 843
108 ) o R
60€°€ E— 619705 — ] a i
sige/ | w 626'TS ———— ab
Lot « 818'65 — — L2 mu
%oﬂm/ _y 019 o 12hL9— o I
LL6'E oy < re g
986°€ g
=
66€7— 0I'C »n LS m
6£Sy — — me ~
_ . s 5
a7 —relo s 1
e 887911 e
8IS — —F L6'] w.. $L9°0C1 L W
€S — 9T T YTT YTl g
Fan™ LEY'VTI o
. $86'9C1 r=
€186 — —=F 66°[ - £EV6T1 ]
LS L99°0€1 / : L
9L6'0€1 iy E g
669°T€1 d = — o g
L M 0v9°TEL & — Fre L
—_— o o
- o
oL - 655 0v1 —4 7 :
S se9opl 2 —
6oL —rs6] T cevert! 4 2
e =gk og'ss1 ]
€05,/ — = oo - — L
il w01 - -
SN LT - o _
=2 aw%% o I R
£90'8 — —r 08 T66'$91 -
9978 — —F L6 QO
S05'8 = mmm o [ g
65°8 : = -
NNo.m\ A\ @ =) m
L2 © e
101°6— 00 © 3
- 166'S0C 3
L2 HoFong - w g
a 98€'90¢ S Iz 5
=1
E EF
(=]
Lo L

miz
580 590 500

550 570

5062228
510 520 530

500

470 480

450




This journal is (c) The Royal Society of Chemistry 2011
Rotaxane 1-H-o

Supplementary Material (ESI) for Green Chemistry

‘J
J
s

-10

10

20

30

50 40
18704

60
1: TOF MS ES+
i

80 70

90
f1 (ppm)
Key Lab for Advanced Materials -— ECUST

110

130
LET Premier

B8 3707
555 8708
B89 3719

887 3704
886 5662/

170 150

190

a20

106°0-— —
Iy SLY o
[ —-
——— 0t
A ¢ 0S€€l )
00S'€T
w
a TELST -
TULT _ LvL'8T —
908C - - —
I3}
P6TEy 678'LE — =
moﬂmﬂ —=—F 6l - 129°Ch — —
Lige e .
S19°¢— 12L6v — —
- s
— 9€0°TS X —
0%6T M P€6'8S — o —
Wy — . vm o —
Oz~ 82599 — 5
“ T€6'L9 3 S——
0095 — < rr189 /N»W
sl 01T0L Z
N - 68T°0L
chos— , v 959°'0L
(R ° 2
are [ave cE e
o wS 6L9711 Q
) “ &= L86'LTT _ T
LIgS— /Nm - 01121 NA s ]
=z S 865°€T1 , —
SOPpel ] £ —
LbL'9 00€'LT1 —
1LL9 n 85621 \ —=
€789 © €9L°0€1 0 -
w89 06€TET — —
ST6'9~E Q - tocger/ —
Sv69/ 2 I S =
) 3y = oscest | —
LsTL— N oLyl ——
9g€'L B £ i £99°4t1
ALY stoLsit —
958°L —
06L O o 6T 91 =
o B > T
24 @ oo L18°€91 \
clrs— LR\ pS 660591
wy
£05'8 — %
LSS
029°8 o=
© o
W016— Q’ @
& 95050z
o b SEESOT _
8€7'S0T
<
(=}

TH-ZH-R-1 41 (1.222) Cm (32:43)

210
100

TIAN-HE




